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RequestforNominations

PursuanttoSection127oftheFoodandDrugAdministrationModernizationActof1997theNorthCarolina
BoardofPharmacystaffisnominating24bulksubstancesascandidatesforthebulkdruglist.Thesesubstancesdo
notcomplywiththestandardsofanapplicableUSP orNF monographnoraretheycomponentsofdrugsapprovedby
theFDA,thereforesupportingdataisbeingprovidedtomeetcriteriasetforthbyFDA forinclusiononthelistofbulk
drugsubstancesthatmay beusedincompounding.Eachnominationiscontainedinanindividualfolderwhich
accompaniesthisletterincludingingredient,chemicalandcommonnames.Chemicalgradeordescriptionand
informationon how theingredientissuppliedissoannotated.Also,informationaboutrecognitioninforeign
pharmacopoeiasandbibliographiesofavailablesafetyandefficacydateisincluded.Requirementssuchasinformation
ondosageforms,strengthandrouteofadministrationhavebeenaddressedalongwithstabilitydata,anyformulations
orothermiscellaneousinformation.

To supportthisdataasrequestedbyFDA,numerousdocumentsandreferenceshavebeenincludedineach
folder.Foreexample,themeltingpointmaybefoundonaqualitycontrolreportorthedescriptionofasubstanceis
containedonacertificateofanalysis.MaterialSafetyDataSheetsareinlcudedineveryfolder,whichprovidehealth
hazardortoxicitydata,reactivitydataaswellashandlingprecautions.Alsoincludedaremonographsfrom
Martingale’s Pharmacopoeia andTheMerck Index. Whereapplicableeachfoldercontainscurrentabstractsand
articlesthatfurthersupportdoses,dosageforms,therapyguidelinesandcross-overtrailswithresults.
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A. INGREDIENT NAME:

~MINOPYRIDINE

B. Chemical Name:

Amino-4 Pyridine, Fampridina. 4-Arninopyridine; 4-Pridinamine

C. Common Name:

Gamma-Aminopyridine, P-Aminopyridine, P-Arninopyridine (DOT), 4-AP, Avitrol,
Avitrol 200, 4-Pyridylamine, 4-Pyridinamine, Farnpridine

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay: 99.3%

—= E. Information about how the ingredient is supplied:

White crystals, or crystalline powder, odorless.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Agostoq S. Antagonism of ketamine-diazepam anesthesia by 4-Aminopyridine in
human volunteers. Br JAnaesth, 1980; 52:367-370.

Evenhuis, J. Pharmacokinetics of 4-aminopyridine in human volunteers. Br JAnaesth,
1981; 53:567-569.

Ter Wee, P. M. 4-Aminopyridine and haemodialysis in the treatment of verapamil
intoxication. Hum toxicol, 1985;4:327-329.

Agosto~ S. Effects of 4-aminopyridine in Eaton Lambert syndrome. Br. JAnaesth, 1978;
_——. 50:383-385.
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Davis, F. A. Orally administered 4-aminopyridine improves clinical signs inmukiple
sclerosis. Ann Neurol, 1990;27: 186-192.

Bever, C. T., Young, D. and Anderso~ P. A. The effects of 4-aminopyridine inmultiple
sclerosis patients; results of a randomized, placebo-controlled, double blind,
concentration-controlled, crossover trial. Neuro/ogv, 1994; 44:1054-1059.

Segal, J. L. and Brunnema@ S. R. 4-Aminopyridine improves pulmonary iimction in
quadriplegic humans with longstanding spinal ord injury. I%armacotherapy, 1997; 17(3):
415-423.

Schwid, S. R., Petrie, M. D., and McDermott, M. P. Quantitative assessment of
sustained-release 4-arninopyridine for symptomatic treatment of multiple sclerosis.
Neurology, 1997; 48(4): 817-821.

Chang, F. C., Bauer, R. M.,and Benton, B. J. 4-aminopyridine antagonizes saxitoxin and
tetrodotoxin induced cardiorespiratory depression. Toxicon, 1996; 34(6): 671-690.

Che~ H. M., Lin, C. H., and Wang, T. M. Effects of 4-aminopyridine on saxitoxin
intoxication. Toxicology & Applied Pharmaco!o~, 1996; 141(l): 44-48.

Perez-Espejo, M. A., Haghighi, S. S., and Adelstei~ E. H. The effects of taxo~
methylprednisone, and 4-aminopyridine in compressive spinal cord injury: a qualitative
experimental study. Surgical Neurology, 1996; 46(4): 350-357.

Wananukul, W., Keyler, D, E,, and Pentel ,P. R. Effect of calcium chloride and 4-
aminopyridhe therapy on desipramine toxicity in rats. Journal of Toxicology, 1996;
34(5):499-506.

Haghighi, S. S., pu~ S. L., Perez-Espejo, M.A. Effects of 4-arninopyridine in acute
spinal cord injury. Sur~”cal Neurolo~, 1995; 43(5): 443-447.

Li L. and Zhang, Y. P. Therapy of experimental autoimmune myasthenia gratis in rabbits
with 4-aminopyridine and 3,4-dlaminopyridtne. Chung-Kuo Yao Li Hsueh Pao - Acts
Pharmacolop”ca Sinica, 1994; 15(4): 358-362.

Polma~ C. H., Bertelsmann, F. W., and de Wad, R. 4-Aminopyridine is superior to 3,4-
diarninopyridine in the treatment of patients with multiple sclerosis. Archives of
Neurology, 1994; 51(1 1): 1136-1139.

Smits, R. C., Emme~ H. H., and Bertelsmarq F. W. The effects of 4-arninopyridine on
cognitive fimction in patients with multiple sclerosis; a pilot study. Neurology, 1994:
44(9): 1701-1705.

———

Page -2-



——

——

Bever, C. T. The current status of studies of aminopyridines in patients with multiple
sclerosis, Annals oflVeurolo~, 1994; 36 Suppl: S118-121.

Polma.q C. H., Bertelsm~ F. W., and van Loene~ A. C. 4-aminopyridine i nthe
treatment of patients with multiple sclerosis. Long-term efficacy and safety. Archives of
Neurology, 1994; 51(3): 292-296.

van Dieme~ H. A., Polm~ C. H., and van Donge~ M. M. 4-aminopyridine induces
fictional improvement in multiple sclerosis patients: a neurophysiological study. Journal
of the Neurological Sciences, 1993; 116(2): 220-226.

Hansebout, R. R., Blight, A. R., and Fawcett, S. 4-Aminopyridine in chronic spinal cord
injury: a controlled, double-blind, crossover study in eight patients. Journal of
Neurotrauma, 1993; 10(1): 1-18.

Hayes, K. C., Blight, A. R,, and Potter, P. J. Preclinical trial of 4-aminopyridine in
patients with chronic spinal cord injury. Paraplegia, 1993; 31(4): 216-224.

van Dieme~ H. A., Polma~ C. H., and van Dongen. The effixt of 4-ami pyridine on
clinical signs in multiple sclerosis: a randomized, placebo-controlled, double-blind, cross-
over study. Annals of Neurology, 1992; 32(2): 123-130.

Nockels, R. and Young, W. Pharmacologic strategies in the treatment of experimental
spinal cord injury. Journal of aneurotrauma, 1992; 9 Suppl 1: S211-217.

Stefoski, D., Davis, F. A., and Fitzsimmons, W. E. 4-Arninopyridine in multiple sclerosis:
prolonged administration. Neorulogy, 1991; 41(9): 1344-1348.

Blight, A. R., Toombs, J. P., and Bauer, M. S. The effects of 4-aminopyridine on
neurological deficits in chronic cases of traumatic spinal cord injury in dogs: a phase I
clinical trial. Journal of Neurotrauma, 199 1; 8(2): 103-109.

Wiseman, E. J. and Jarvi~ L. F. Potassium charnel blockers: could they work in
Alzheimer disease? Alzheimer Disease 7 AssociatedDisordkrs, 1991; 5(l): 25-30.

Davis, F.A., Stefoski, D., and Rush J. Orally administered 4-aminopyridine improves
clinical signs in multiple sclerosis. Annals of Neurology, 1990; 27(2): 186-192.

Hansebout, R. R., Blight, A. R., and Fawcett, S. Aminopyridine chronic spinal cord
injuy a controlled, double-blind, crossover, study in eight patients. J Neurotrauma,
1993; 19:1-18.
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pat_ientswith chronic spinal cord injury. Paraplegia, 1993;31: 216-224.

Hayes, K. C., Potter, P. J., and Wolfe, D. L. 4-aminopyridine-sensitive necrologic deficits
in patients with spinal cord injury. J Neurotrauma, 1994; 11(4): 433-446.

Information about dosage forms used:

Capsules

Information about strength:

10mg

Information about route of administration:

Orally

Stability data:

Melts at about 158.9°
Strong oxidizing agents
Strong acids
Acid chlorides
Acid Anhydrides

Formulations:

M. MisceUaneous Information:

Page -4-
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QUALITY CONTROL RXPORT

CHEMICAL NAME. :AMINOPYRIDINE (4)

MANUFACTURELOT NO. :1 OO2O977

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:USP_/BP_/MERCK_/NF_/~T ._/CO. SpECs. _.

/’”
~ I)DESCRIPTION. :

// WHITE CRYSTALS,OR CRYSTALLINE POWDER.IS o.QQRLESS.

2)SOLUBILITY .:
SOLUBLE IN WATER;SOLUBLE IN BENZFNE,IN ALcoHoL AND IN ETHER”

h
3)MELTING PIONT.:

MELTS AT ABOUT 158.9 degree.
–~

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION. :
A)COMPLIES AS PER IR SPECTRUM CO.SPECS.

PASSES. :

coIa4ENTs. :

FAILS .:

ANALYST SIGNA=. : DATE. :

PREPACK TEST.: DATE .: INITIAL. :

RETEST. : DATE. : INITIAL. :

.–=%
---
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Useyourweb browser’s “Back” key to return to previous topic

MATERIAL SAFETY DATA SHEET

4-Amrnopyndine, 98%
11601

MSDS Name: 4-Aminopyridirie, 98°A

Company Identification: Acres Organics N.V.
One Reagent Lane

.-= Fairlawn, NJ 07410
For information in North America, call: 800-ACROS-01
For emergencies in the US, call CHEMTREC: 800-424-9300
For emergencies in,the US, call CHEMTREC: 800-424-9300

**+T* SECTION 2 – COMPOSITION, INFORMATION ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------+
I CAS# I Chemical Name l% [ EINECS# I
l----------------l-------------------------------------- 1---;;;----1-----------1

504-24-5 14-AMINOPYRIDINE I 207-987-9 I
+----------------+--------------------------------------+----------+-----------+

Hazard Symbols: T+
Risk Phrases: 28 36/37/38

**** sEcTION 3 . ~ZARDS IDE~IFICATION ****

Appearance: white.
Danger! May be fatal
the skin. Aspiration
Causes digestive and
inhaled.

EMERGENCY OVERVIEW

if swallowed. May be fatal if absorbed through
hazard. Poison! Causes eye and skin irritation.
respiratory txact irritation. May be fatal if

Target Organs: Central nervous system.

Potential Health Effects
Eye:

Causes eye irritation. Causes redness and pain.
Skin:

Causes skin irritation. May be fatal if absorbed through the skin.

.—=

Substance is rapidly absorbed through the skin. Causes symptoms
sm.ilar to those of inhalation. Causes redness and pain.

:ngestion:
May be fatal if swallowed. May cause irritation of the digestive
tract. Poison by ingestion. May cause effects similar to those for

inhalation exposure.
m oral dose of 59o mg/kg of 4-am-inopyridinein a man produced shortne
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ss of breath, nausea, vomiting, hallucinations and distorted perceptio
n. Affects the CNS to produce tremor, excitability and convulsions.

Inhalation:
Inhalation of high concentrations may cause central nervous system
effects characterized by headache, dizziness, unconsciousness and
coma. Causes respiratory tract irritation. May cause severe
headaches, nausea, increased blood pressure, weakness, convulsions,
and a stuporous state.

Chronic:
Not available.
None

““ SECTION 4 - FIRST AID MEASURES “**

Eyes:
Immediately flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
ixmnediately.

Skin:
Get medical aid ixmnedlately.Immediately flush skin with plenty of
soap and water for at least 15 minutes while removing contaminated
clothing and shoes.

Ingestion:
Do NOT induce vomiting. If victim is conscious and alert, give 2-4
cupfuls of milk or water. Never give anything by mouth to an
unconscious person. Get medical aid immediately.

Inhalation:
Get medical aid immediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

**** SECTION 5 . FIRE FIGHTING M~URES ****

General Information:
h in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
may be generated by thermal decomposition or combustion. Containers
may explode in the heat of a fire. Combustible solid.

Extinguishing Media:
In case of fire use water spray, dry chemical, carbon dioxide, or
chemical foam.

Autoignition Temperature: 640 deg C ( 1,184.00 deg F)
Flash Point: 156 deg C ( 312.80 deg F)
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

**** SECTION 6 - ACCIDENTAL RELEASE MEASURES ****

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Vacuum or sweep up material and place into a suitable disposal
container. Avoid generating dusty conditions. Remove all sources of
ignition. Provide ventilation.

● *** SECTION 7 . HANDLING and STORAGE ****

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Minimize dust generation and accumulation. Do not
breathe dust, vapor, mist, or gas. Do not get in eyes, on skin, or
on clothing. Avoid contact with heat, sparks and flame. Do not ingest
or inhale. Use only in a chemical fume hood.

Storage:
Keep away from heat, sparks, and flame. Keep away from sources of
ignition. Store in a tightly closed container. Store in a cool, dry,
well-ventilated area away from incompatible substances. Poison room
locked.
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MATERIALSAFETY DATA SHEET

**** SECTION 8 . EX’OSURE

Engineering Controls:
Use only under a chemical

CONTROLS, PERSONAL PROTECTION ****

fume hood.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+
I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI
l-------------------- l ------------------- l------------------- l ----------------- I
I 4-AMINOPYRIDINE Inone listed Inone listed Inone listed
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
4-AMINOPYRIDINE:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes:

Skin:

Clothing:

Respirators:

Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 29 CFR 1910.133.

wear appropriate protective gloves to prevent skin
exposure.

Wear appropriate protective clothing to prevent skin
exposure.

Follow the OSHA respirator regulations found in 29CFR
1910.134. Always use a NIOSH-approved respirator when
necessary.

● *** SECTION 9 _ pHySI~ AND

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:
Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

solid
white
Characteristic
Not available.
0.8 mmHg @25C
Not available.
Not available.
Not available.

CHEMICAL PROPERTIES ****

odor

273 deg C @ 760.00rmnHg
155 - 158 deg C
Not available.
74 G/L (20”C)
Not available.
c5H6N2
94.12

**** sECTION 1(J _ sT~ILITy ~J) ~cTIvITy ***+

Chemical Stability:
$table under normal temperatures and pressures .

Conditions to Avoid:
Incompatible materials, ignition sources.

Incompatibilities with Other Materials:
ents, stronu acids, acid chlorides, acid anhydrides

Hazardous Decomposition Products:
Nitrogen oxides, carbon monoxide, carbon dioxide.

Hazardous Polymerization: Will not occur.

**** sECTION 11 – ToxIcoLcIGIc~ INFo~TIoN ****

RTECS#:
CAS# 504-24-5: US1750000

LD50/Lc50:
CAs# 504-24-5: Oral, mouse: LD50 = 19 mg/kg; Oral, rat: LD50 = 21
mg/kg.

Carcinogenicity:
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4-AMINOPYRIDINE -
Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

Epidemiology:
No data available.

Teratogenicity:
No data available.

Reproductive Effects:
No data available.

Neurotoxicity:
No data available.

Mutagenicity:
No data available.

Other Studies:
No data available.

**** SECTION 12 - EcoLoG1~ lNFo~T1oN ● ***

Ecotoxicity:
Bioaccumulation: none or low

Environmental Fate:
Not readily biodegradable.

Physical/Chemical:
Not available.

Other :
Not available.

*+** SECTION 13 - DISpOS~ CONSIDERATIONS ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCPA D-Series Chxonic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCRA P-Series: waste number PO08
RCRA U-Series: Not listed.

.-.
This material is banned from land disposal according to RCRA.

++** SECTION 14 _ T~SpORT INFORMATION ***+

US DOT
Shipping Name: AMINOPYRIDINES
Hazard Class: 6.1

UN Number: 2671
Packing Group: II

IMO
Shipping Name: AMINOPYRIDINES
Hazard Class: 6.1

UN Number: 2671
Packing Group: II

IATA
Shipping Name: AMINOPYRIDINES
Hazard Class: 6.1

UN Number: 2671
Packing Group: II

RID/ADR
Shipping Name: AMINOPYRIDINES

Dangerous Goods Code: 6.1(12B)
UN Number: 2671

Canadian TDG
Shipping Name: AMINOPYRIDINES
Hazard Class: 6.1

UN Number: UN2671

**** SECTION 15 _ REGIJ~TORy INFO~TION ****

US FEDERAL
TSCA

—_ CAS# 504-24-5 is listed on the TSCA inventory.
Health & Safety Reporting List

None of the chemicals are on the Health L Safety Reporting List.
Chemical Test Rules

None of the chemicals in this product are under a Chemical Test Rule.
Section 12b
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None of the chemicals are listed under TSCA Section 12b.
TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)
final RQ = 1000 pounds (454 kg)

Section 302 (TPQ)
CAS# 504-24-5: TPQ = 500/10,000 pounds

Section 313
No chemicals are reportable under Section 313.

Clean Air Act:
This material does not contain any hazardous air pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.

Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the CWA.
None of the chemicals in this product are listed as Toxic Pollutants
under the CWA.

OSHA:
None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
4-AMINOPYRIDINE can be found on the following state right to know
lists: California, New Jersey, Pennsylvania, Massachusetts.
California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: T+
Risk Phrases:

R 28 Very toxic if swallowed.
R 36/37/38 Irritating to eyes, respiratory SYStem
and skin.

Safety Phrases:
S 1 Keep locked up.
s 37139 Wear suitable gloves and eye/face
protection.
s 45 In case of accident of if you feel unwell, seek
medical advice immediately (show the label where
possible) .
S 28A After contact with skin, wash immediately with
plenty of water.

WGK (Water Danger/Protection)
CAS# 504-24-5:

Canada
CAS# 504-24-5 is listed on Canada’s DSL/NDSL List.
This product does not have a WHMIS classification.
CAS# 504-24–5 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

**** SECTION 16 _ jQ)J)IT’foNAL INF()~TIoN ****

MSDS Creation Date: 3/01/1994 Revision #7 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages._—__- . ______----------------—--------—-----______----------.-----—-------.—-----------

ii;l(lt to product information.



Ecothiopate lodide/Guanidine Hydrochloride 1421

treatrftent of Alzheimer’s disease but has been re- Eaton-Lambert myasthenic syndrome. Agema such aa

portedtoproduce adverse haematological effects. fampridine which increase release of acetylcholine from

References.
nerve terminals may be effective in the treatment of Ealon-
Lamhcrf mvasrhenic svndromc. weD.l414. Some references

1 Unni LK, el al. Kmctics of cholmemrasc inhihitirm hy 10 the use of fampridi~ are given tilow.
eptasugminc in man. EurJ CJmPharmacri 1991,41:83-4.

?. Auteri A, ef aJ. Pharmacodynamics and pharmacokinctics of
p. :....Aumton $ t.I aJ Effecn of 4 ammoovridine in Eaton Lamberl

eplaso$minc in elderly %ubJectsEur J Cli. Pharmacd 1993:
45:373-6.

Eseridine Salicyiate (4522.rn)

Eseridine Salieylate (rfNNM).

Esenne Aminoxide Sahcylate; Eserine Oxide Salicylata Phys-
ostigmineAmmoxide5al@ate; PbysostigrmneN-Oxide Salt-~,. rJav[s;,4;f,a/.o rallyadminiweti 4-anunopyr idineimproves
cylace. (4aS.9a5)-2.3,4,4 a,9,9a-Hexahydro-2,4 a.9-trimetfr$- clmca gns in muluplc sclerosis.An!) Neurol 1990.2’7: 186-

1,2-oxazino[6.5 -b]mdol-6-ylmetfrylcarbarnate sahcylate.
92.

2 Bcver CT, cl oJ. The effects of 4-aminopy ridme m multlplc
CISH2,N300C7H603 = 429.5.

CM — 25573 -43-7 (eseridine); 5995 -96-O (eseridine sol-
&scleroslsptlenS: ms.l~ofarandomizti. placeb0..onmoll,d.

douhlc-hlmd. concentration-contmlled, crossover trial. Neurof -

lcyJote).
Og.v1994: 44:1054-9

Eseridine salicylate is an inhibitor of cholinesterase
activity that has been given by mouth in prepara-
tions for dyspepsia and other gastric disorders. It has
also been studied for use in the treatment of ALzbe-
imer’s disease.

A sutsfyl of the phamtacokinetics of escridhe salicylate fol-
lowing oral tidministrafion m oral drops or granules.
1. Asticr A, PemJeanO. Pharmacokmeucs of an anucholines[era-

SICagem (eserm N-oxyde) in humans after admimstration of
IWO gaknic forms. J PharmacolCJtn1985;k 521-7.

Preparations
Names of prcpanuions arc listed below, details arr given in Pan 3.

Proprietaq Preparations
Fn: GWstmrc.
MultLingredietst ~pantiorrs. Fc: Vagos.+nnet.

~%%?&RJC.ZIOI Antazonsmofvccuroml”m-i”d.ced”cu. LFarnPridine (123MV)

1“”-
~:romucculw blockade wi!~ edrophoni.m or neow,gmim Jfr f
- ;Amtewh 1987; S9: 473-7.
8 Karafliedde L, cral Chemical weapon,. Br Mrd J 1991,30>
J 474. .

~c:’’””’”L-970 F~mpridina. 4-Ammopyrfdinc 4-Pyridinamine.

~~o~mticholine~lcrase, during intensemwacmitim-inducedafif M. Recovery charac[enmcs after early administra.

“umuscutarbluck. Br J Anar.!fh1995.74:20-5.
Mincni VR. et al. RccovcrYof rm~acunum block with or

AWm anticholinestcrascs following admimstration hy con.
~’ tinuou infusions, Anacslhcsm 1994.49: 9d6-8
i~~ConnolJy Fu. er uJ. A.rafwn:sm of m,wtc.num block wilh

edmphonium frum various dcpree, of ~fwnlmeou< recove~.
~r&lAnaesth 1995,74:229-30

-,!.

5nalee bite. For the use of amlcholmesterases in the treal-
nientof snake-bhe, see under Uses and Administration of Ne-
m@orine Methylsulphate, p. 1424.
.,. .
Tetroefotoxin poisoning. Administration of edrophonium
irhavenously has produced an immediate increase in motor
puwer in patients with respmaio~ distress and paresis or re-
duced muscle power followl”g lnges[ion of ~ffer fish
(Sp?ioemides nUYCrIIOWqm Arorhrnn sIc.J/orus) Recovery

tfkSybe accelerated hy suhsequem meatment with a long-acl-
htg aitticholinesterase such as neostigmine In mild poisoning
Wscomplicatedby respirato~ distress or paralysis. neOStig-
tine given alone intrdm”scularly has produced marked im-

~vement of paraeslhesla a“d numbness.

L“C&w SK, C,al A“lichol,mq!eraw dru~s ,n [he lrc.wmen!Of
“kCOudOtOxinpoisoning. Lnccr 1984: ii: 10S

~~~itrations
N&t’tiPrepmtiO”S~ml,u~fJb-elnw: deiails m given in Pan 3.

~ciaf Prepa”tions
Bp l@3: Edrophonium inJecmrn;
U~~23: Edrophomum Chlorldc InJecl!On

f%+fetary PreoaratiOns

&l”Agmwm~.ma) A“ta~on<mofketamtne-d!azepamz”acslhe-
s!a by 4 amlnopyndmc !n human volunteers. Br J An.erfh
, OIW c?. zA7-7n

CAS— 504-24-5.

Fampndine enhances the release of acetylcholine
from nerve terminals and has been used intrave-
nously in some countries to reverse the effects of
competitive (non-depolarizing) muscle relaxants. It
has also been tried by mouth and intravenously in
the management of a number of neurological disor-
ders including Eaton-Lambert myasthenic syn-
drome, multiple sclerosis, and Alzheimer’s disease,
and for the reversal of neuromuscular blockade in
patients with botulism. The overall treatment of
these conditions is described on p. 1414 (Eaton-
Lamberr myasthenic syndrome), p.657 (multipie
sclerosis), p. 1413 (Alzheimer’s disease under De-
mentia), and p.1615 (bortdism).

Fampridine has also been considered as a specific
antidote in poisoning with calcium-channel blockers
such as verapamil.

Adverse effects, especially seizures. may limit its
use.

References.

-, -.,-’ -----

‘- JO 1246.68.8.
4.,

m~t fJK.’&? Evmh.mJ, t-rol PharmacoLnel,csof4.am!nopyr,dznc mh.-
man volunteers JJrJ Anaesrh 19S1: 53: s67-9.

p. -fCry, PM, e! al 4-Amlnopyrtdme and haemod!al!ws m the

r !rea men! of wmapamil mmxication Hum Tox#cn/19s5: 4:
3~7_9.

L- AJzheimer’s disease. Fampridine enhances acevdchO1ine
relea..e from nerve tenmnals and has been O’tedin the trem-
ment of AlzJseimer’s disease. For a d]scussmn of the mmage-

~ mem of Alzheimer”s disease and other dementmswrd Ihe
various treatments thm are being tried. see under Dementia on

~ p.1413, Some references to the use of fampridine in the lreat-
mem of Alzheimer’s disease are given below.

h
W.esseli”g H. er al Efftcl< or 4.armnopyr,d,nc m elderly pa-
tienu wth Alzhcnmer’sd,wa,e. NEns!!Jbfed 1984.31ff:9U8-

t.

7~~tigmine is a ~eversjble inhibilor of cholineste
...* activity. it is a lipophilic derivative of phys-

-@tie (s;e p. 1424). It is being studied in the oral ‘

\

I
(

eep.1615.

tism. Fampridine IS one of several agenh that have been
p reverse neuromuscular bl~kade m patients w!th bot-

‘T~;&lboI t denotes a preparation no longer ac{ively markete

..=––._.. —
syndrome. Br J Anoesfh 1978:50 3[7-5.

Multiple sclerosis. Fampridine has potassium-channel
blocking activity and has been tried in the m?mmem of multi.
ple sclerosis to imptvve conduction in demyelmated Jibres;
impmvemenL< have been reported in walking, dexterity. and
vision, btn only small numbers of patients have been studied
For a discussion of the management of multiple sclerosis, irr-
cluding mention of fampridine, aee p.657. Some references IO

the use of fampridine are given below.

Galantamine Hydrobromide (4~17-g)
Galanramine Hydrobmmide (tfNNM).
Galarwhamine Hydrobromidq Galanthamini Hydrobmmi-
dum. 1,2,3,4,6,7.7a. I Ic-Ocrahydm-9-methoxy -2-meIhylben-
zofuro[4,3 ,2-efi]~]benzazocin-6-ol hydrtzbromide.
C17H21N01.HBr = 368.3.
CAS — 357-70-0 (goJontomme); J953-04-4 (golontomine
hydrobromide).

Phorrrsocopoeias In Cfdn.

The hydrobromide of galantamine, an alkaloid which has
been obtained from the Caucasian snowdrop (Voronov’s
snowdrop), Gakrnrhus wrunowii (Amatyllidaceae),and re-
lated species.

Galantamine hydrobromide is a reversible inhibitor
of cholinesterase activity, with actions similar to
those of neostigmine (see p. 1422). It has been used
to curtail the muscle relaxation produced by com-
petitive (non-depo}arising) muscle relaxants such as
tubocurarine and gallamine.

Galanmmine hydrobromide is a long-ac!ing inhibitor of
cholinestersse activity wbicb crosses the blood-brain barrier
and is tiIqg sludied in pstietrts with Alzbeimer’s discaaei and
in mania:- for discussions of the management of these disor-
ders, see under Dementia, p. 1413 and under Bipolar Disorder,
P.300 resyctively. Like physostigmine it is reporled m re-
verse op!otd-mduced respiratory depression without affecnng
analgesia.’ The pharmacokinetics of galan;amirte have been
swdied.i.$
1. TbompsenT. a al Galanthammc hydrobrom]dc m a long-term

keatmcnt of Alzhcimer”s dmasc. Dememm 1990, 1:46-51
2. Snorrason E. SIefansson JG Galanthamine hvdrobmmidc in

mama J..uncrl 1991; 337:557.
3. l%ms!oc~ M. c! aJ. Effecl of physo$tlgminc on morphmc-!n-

duced pnwopenuivc pain and somnolence Br J Amuwh 1982.
54: 429-.U.

4. Wcsm P. e! al. Pharmacokine!ac%of galanthxmtn? I a long-ac!-
ing antwholine%wrasc drug) m anaesthelized paocnts ffr J
Anacsfh1986, 58: t 303-7.

5. B)ckel U, ●?al Pharmacoklnetics of palanthamlne in humans
and corrcspcmdlngcholincsterasc mhibttion CJm Phormocwl
Ther 1991:SO:420-8.

Preparations
Names of preparations are listed beJou: detail$ we given Mpafl 2.
Proprietary Preparations
Ausf. Nlvalm. Jmf.:Niwdinat.

Guanidine Hydrochloride (12007.c)

Carbamdine Hydrochlondq Immourea Hydrochloride.

CH5N3,HCI = 95.53.
G4S — I I 3-00-8 (guanidme); 50-0 J- I (gucrn,dinehydro-
chloride).

Guanidine hydrochloride enhances the release of
acetyicholine from nerve terminals and although it
has been given by mouth to reverse neuromuscular
blockade in patients with botulism, its efficacy has
not been established. Guanidine hydrochloride has
also been tried in Eaton-f. -amberfmyasthenic syn-
drome and other neurological disorders. but its use
has been associated with bone-marrow suppression
in some patients.

Botulism. Some references totbe use of ~uanidine to reverse
neuromuscular blockade in patients wilh botulism are given
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References: P. van Amerongen, Curr. med. Rex. Opi-
nion, 1979,6. 93; C. Vauterin and M. Bazot, ibid., 101:
S. Bornstcin, ibid., I07.

ProprietaryNames
Survector (Eu!fttrqrie. Fr.).

A greenish-yellow to orange-yellow light odour-
Iess powder with a slightly bitter taste. Slightly
soluble in water soluble I in 250 of alcohol and
of ether; practically insoluble in chloroform.

Aminonitrothiazole has been used in veterinary
__L-c,, medicine in the prevention and treatment of

“ 12359-P

Aminobutyric Acid. Gamma-aminobutyric
Acid; GABA. 4-Aminobutyric acid.
C4H9N02=103.1.

CAS — 56-12-2.

White crystals with a bitter taste. Freely soluble
in water; slightly solublein hot alcohol; practi-
cally insoluble in other organic solvents.

Aminobutyric acid is believed to act as an inhibi-
tory neurotransmitter in the CNS. It has been
claimed to be of value in cerebral disorders and
coma and to have an antihypertensive effect.
Adverse effects have included gastro-intestinal
disorders, insomnia, headache, and pyrexia.
Over a period of 2 months 7 patients with Huntington’s
chores were treated with aminobutyric acid starting a! a
dose of 1 g and increasing to 12 to 32 g daily. Two
patients gained improvement of function and a decrease
in choreiform movements and a third patient showed
moderate improvement.— R. Fisher et al. (letter), Lan-
C,?f. 1974. 1. 506.

---

S~ere p&iphera[ vascular collapse occurred in one of
the authors 90 minutes after taking 8 g of chromato-
graphically pure aminobutyric acid.— T. L. Perry er af.
(letter), L.mrcef, 1974, 1, 995. Doaea of I to 2 g daily
and 40 g given over 48 hours had prcduced no serious
side-effects.— R. Fisher er al. (letter), ibid., 1347.
y-Vinyi aminobutyric acid, an irreversible inhibitor of
aminobutyric acid transaminaae, had a beneficial effect
in 7 of 9 patients with tardive dyskirresia when given by
mouth in doses ranging from 2 10 6 g daily. Dyskinesia
was aggravated in the other 2 patients. Sedation was the
most prominent side-effect.— G. P. Tell er al. (letter),
New Engl. J. hfcd.. 1981, 305, 581. See also J. Grove et
ai. (letter), I.arcet, 1980,2, 647.

ProprietaryNames
Gamarcx (Causyrh, Jtal.); GammaIon (Daiichi, Jap.);
Miclogen(Made.Spain).

12360-n

Aminohydroxybuty ric Acid. 4-Amino-3-
hydroxybutyric acid.
C4H9N03=119.1.
CAS — 352-21-6.

Odourlesa white crystals or crystalline powder
with a slight characteristic taste. Very soluble in
water, very slightly soluble in alcohol, chloro-
form, and other organic solvents.

Aminohydroxybutyric acid has been claimed to
be of value in neurological disorders and to have
an antihypertensive ef~ect. Adverse effects have
included dizziness and anorexia.

ProprietaryNames
Aminoxan [Kaken, Jap.); Bogil (~orerrte, Spain);
Gabimex (Gramon, Ar .); Gabob (Jap.); Gamibetal

f(lSF, Ital.; One, Jap.; f sa, Swirz.);Gabomade (Made,
Spain);Gaboril (Seber,Spain}.

12361-h

Aminomethiazole Tartrate. 2-Amino-4-
methykhiazole hydrogen tartrate.
C4H6N*S,C4H,506 =264.3.

Aminomethiazole tartrate is an antithyroid agent.

ProprietaryNames
Normotiroide (Vito. Jlal.).

12362-m

Aminonitrothiazole [8. Vet. C. 1965). Amin-
onitrothiazolum. 2-Amino- 5-nitrothiazole.
CJHjNj02S=145.1.
CAS — 1320-42-9.
Pharma~opoeias, In Nerd.

blackhead (histom&riasis) in turkeys and chick-
ens, and in the treatment of canker (tri-
chomoniasis) in pigeons.

12363-b

Aminopicoline Camsyiate. 2-Amino-4-met-
hylpyridine camphor- 10-sulphonate.
C6H*N2,CIOH,604S -340.4.

Aminopicoline camsyiate has been used for its
reputed beneficial effec!on the circulation.

ProprietaryNames
Piricarsiio (Nagel, !lal.).

12364-v

4-Aminopyridine.
C5H6N*=94. 1.

CAS — 504-24-5.

4-Aminopyridine is reported to reverse the effects
of non-depolarizing muscle relaxants and to have
analeptic effects. Improvement of myasthenia
gravis has been reperted. Aminopyridine hydro-
chloride and aminopyridine stslphate have been
used
References: W. C. Bowman et al., J. Pharm. Pharmac..
1977, 29, 616; H.Lundh et al., J. Neuro/. Neurowrg.
F%ychirst.. 1977, 40, 1I0% S. Agoston et al.. Br. J.
Anaesth., 1978, 50, 383: H. Lundh et al., J. Neurol.
Neumsurg. Psychiar.,1979, 42, 171; S. Agoaton et al.,
Br. J. Anaesth.. 1980, S2, 367; J. Evenhuis et al., ibid..
1981, 53.567.

ProprietaryNames
Pymadin.

12365-g

Aminorex. Aminoxaphen; McN-742. 2-
Amino-5 -phenyl-2-oxazoline.
C9H10N20= 162.2.

CAS — 2207-50-3.

Aminorex is an anorectic agent which was with-
drawn from use because of ita association with
pulmonary hypertension which sometimes proved
fatal.

12366-q

Ammonium Benzoate (B.P.C. 1949). Ammo-
nii Benzoas; Ammonium Benzoicum.
C6H5.COINH,= 139.2.

CAS — 1863-63-4.

White almost odourless scaly crys~als. Soluble 1
in 6 of water, 1 in 30 of alcohol, and 1 in 8 of
glycerol. Incompatible with acids, fruit syrups,
ferric salts, and alkali hydroxides and carbonates.

Ammonium benzoate has been used for increas-
ing the acidity of the urine and as an expectorant
in chronic bronchitis.

12367-p

Ammonium Citrate (B,P.C. 1949). Ammon.
Cit.
C6H@7(NH&=243.2.

CAS — 3458-72-8.

A white or almost white, very deliquescent, crys-
talline powder with a saline taste. It tends to lose
ammonia and to be partly converted to an acid
salt. Very soluble in water. Store in airtight con-
tainers.

Ammonium citrate hasbeenusedas a mild
expectorant and diuretic. After absorption it is

.,..
.,*

converted into carbonate and urea a
the alkalinity of the urine only slightl

12368-s

Ammonhsm Persulphate (B.P.c.
(NH,)1S20S=228,2.

CAS — 7727-54-0.

Colorless odoudess crys~a!s or whi
crYsta]]ine powder, contammg about 7% ‘~~~
Iable oxygen, Soluble 1 In 2 of watev ~~
insoluble in dehydrated alcohol. It is stable ~
normal conditions of $orage but it d&&&
rapidly at about 95 [t decomposes .;&~~
presence of mol:ture and of traces of:-
metallic impurities. Store m a cool ,* ~
airtight containers. Protectfrom light. ~‘ ?~~~~;

Ammonium persuiphate is a. powerful,*
agent which has been used m photogm@y:X
various industrial processes. Strong soluti~ &
irritant to the skin. - . !l-&iq

Severe reactions, including [m O( &&W?&&

occurred after using hair bleach containing”~
pcrsulpbatc.— C. D. Calnan and S. Sh~, ~
~;yal1963, 88, 812, per J. SOC.cosmet.C~<J~,

,. ;- .Wlk

12369-w
),, (S&/

Ammonium Phosphate (U.S.N.F., B.P.Cda
]949). Diammonium Hydrogen Phospbate~.~
monium hydrogen orthophosphate.
(NH,) 2HP0,= 132.1.

.&

Kwj’ f
,> k’

CAS — 7783-28-O. ; ‘fd -’R:
Pharmacopoeias. In US.N.F. --- ,~rrili&&

;C .alak&’
Colorless crystals or granules ‘with ,:~Isti~
odour and a saline taste. Loses arnmortiahn
exposure to air, forming some ammonium :ti”~
rogen orthophosphate, N HAH2P04. SoIubkildrvl
of watec practically insoiubie in alcohoUIAtiS
solution in water has a pH of 7.6 to ,&7%A
1.76% soiution is iso-osmotic with serum:-”
Datibie with aikaiis. ferric salts, and ~fdd

I 2370-m
! I ysli
01,2 ‘~

Ammonium Salicylate. ;.~j

keavy metais.Storein airtight ea

Ammonium phosphate was form
diuretic. It may be used as a bu
pharmaceutical preparations.

C7H9N03= 155.2.

Proprietary Namtw ‘m ,

4540. 4-p-Nitroaniiinophenyi isothi
C(3H9N302S=271.3.

References B. J. Vakil et al.. Trarr.r.R. S
Hyg., 1977, 71, 247; B. V. Ashok et al., B<.
Pharmac., 1977, 4. 463; J. C. Doshi et al.,
Med. Hyg.. 1977, 26, 636; P. S. Gupta et
Med. Hve.. 1979.82. 117. oer Trorr. Dis.

. ...
CAS — 528-94-9. “;!s$
Ammonium salicy[ate has been used topia
skin disorders. .>3-.+

Saliiyl-VasOgen (Pearsorr,Ger.).
----

7 >Nm

12371-b

Amoscanate. GO-9333; c-9333-Go/@

CAS — 26328-53-O.
-’4,,,

A tasteieas yeilow substance. M.p. 204”J,~
Practicaiiy insoluble in water, “%
Amoscanate is an anthelmintic s~~
related to bitoacanate (see p,89), It ia:~f
against hookworm, Artcylosronra duodem
Necator americanus, and against Schi~
nrarrsoni and S. japmticum; it has limit ‘

against S. haematobium.
4...,;

Adverse effects reported inciude gastro-]1.+J
effects, skin rash, and giddiness. . 4$

77. 391~’?&h. Rep .!&. Wld Hlth Org. No. f
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Authors
Segal JL. Brunnemann SR.

@

Title
4-Aminopyridine improves pulmonary function in quadriplegk

2

h umans; with longstanding spinal cord injury.
Sburce

Pharmacotherapy. 17(3):415-23, 1997 May-Jun.

#
Abstract
STUDY OBJECTIVE: To test the hypothesis that

F

4-aminopyridine (4-AP) might cause clinically evident
improvement in pulmonary function in humans with chronic
spinal cord injury (chronic SCI). DESIGN: Balanced,
open-label study with subjects consecutively enrolled.
SETTING: Spinal Cord Injury Service, university-affiliated
tertiary level care Department of Veterans Affairs Medical
Center. PATIENTS: Seventeen healthy men and women suffering
from traumatic SCI (11 quadriplegic, 6 paraplegic patients)
for more than 1 year. INTERVENTIONS: Each subject was given
a,@rk#@.&&se of 4-AP 10 mg oraIly in an immediate-release

fb~lation. MEASUREMENTS AND MAIN RESULTS: Significant
increases in mean values of forced expiatory volume in 1
second (FEV1), forced vital capacity (FVC), maximal
inspiratory pressure (MIP), and,;~~~ ex~iratory pressure

.#% (MEP) ‘that persisted for at leag~ 12 ho~~ Were

demcmts’tzated ‘In qua,~rl leglc pa!i!ikints beginning 6 hours
rdWFWMFadi Kriistrat ,“ .

T
Tests of pulmonary function that

demonstrated statistical y significant increases at any
time were also numerically, if not statistically, increased
at 24 hours compared with pretreatment values obtained in
4-AP-~aiVe subjects. CONCLUSIONS: The administration of a
single dose of an immediate-release formuhtion of -+AP to
hnmans with longstanding, traumatic quadri.plegia i.s
associated with sustained, clinically meaningful, and
statistically significant improvements in pulmonary
function. We suggest that the administration of 4-AP may
have a salutary effect in patients suffering from SCI and
appears to be associated with potentially clinically
significant reductions in the pathophysiologic pulmonary
sequelae of SCI.

<4>
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Title
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Quantitative assessment of sustained-release
4-aminopyridine for symptomatic treatment of multiple

.—-=
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Fe’%.
sclerosis.

Source
Neurology. 48(4):817-21, 1997 Apr.

Abstract
OBJECTIVE: To evaluate the efficacy of 4-aminopyridine
sustained release (4AP SR) (fampridine, EL-970) using
quantitative measures of motor function in multiple
sclerosis (MS) patients. BACKGROUND: In vitro, 4AP improves
conduction through demyelinated axons. A previous
multicenter trial of 4AP SR using the Expanded Disability
Status Scale (EDSS) as the primary outcome was unable to
establish clinical efficacy. DESIGN\METHODS: Ten MS
patients with stable motor deficits (EDSS 6.0-7.5) were
given 4AP SR 17.5 mg bid and placebo for 1 week each i.n a
double-blind, placebo-controlled, crossover trial. Time to
walk 8 meters, time to climb four stairs, maximum voluntary
isometric contraction measured quantitatively (MVICT),
manual muscle testing (MMT], grip strength, EDSS, and the
patient’s global impression were measured. RESULTS: ‘Tim~
gait.wa.si.nproved on 4AP SR compared with placebo in 9 @
10 subjects ‘(p = 0.02). Timed stair climbing, MVICT, MMT,
grip strength, and EDSS showed nonsignificant improvements
on 4AP SR. Based on their global impressions, seven
subjects preferred 4AP SR over placebo; only one preferred

-m placebo. There were no serious side effects. CONCLUSION:
4AP SR improved motor function in MS patients. The
quantitative outcomes used in this study permit more
sensitive evaluation of the therapeutic effect and promise
to be useful in future trials of symptomatic treatments for
MS.

<5>

Authors
Chang FC. Bauer RM. Benton BJ. Keller SA. Capacio BR.

Title
4-Aminopyridine antagonizes saxitoxi.n-and
tetrodotoxin-induced cardiorespiratory depression.

Source
Toxicon. 34(6):671-90, 1996 Jun.

Abstract
Antagonism of saxitoxin-and tetrodotoxin-i.nduced lethality
by 4-aminopyridine was studied in urethane-anesthetized
guinea pigs instrumented for the concurrent recordings of
medullary respiratory-related unit activities (Botzinger
complex and Nu. para-Amblguus), diaphragmatic
electromyogram, electrocorticogram, Lead II
electrocardiogram, blood pressure, end-tidal C02 and
arterial 02/C02/pH. The toxin (either saxitoxin or
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tetrodotoxin) was infused at a dose rate of 0.3
microgram\kg\min (i,.v.) to produce a state of progressive
cardiorespiratory depression. The animals were artificially
ventilated when the magnitude of integrated diaphragm
activities was reduced to 50% of control. Immediately after
the disappearance of the diaphragm electromyogram, the
toxin infusion was terminated, and 4-aminopyri.dine (2
mg\kg, iv.) was administered. The therapeutic effect of
4-aminopyridi.ne was striking in that the toxin-induced
blockade of diaphragmatic neurotransmissi.on, vascular
hypotension, myocardi.al anomalies, bradycardia and aberrant
discharge patterns of medullary respiratory-related neurons
could all be promptly restored to a level comparable to
that of control condition. The animals were typically able
to breathe spontaneously within minutes after
4-aminopyridi.ne. At the dose level used to achieve the
desired therapeutic responses, ~inopyridine pxwcluced no
sign of seizure and convulsion. Althouqh less serious
side-effects such as
transient periods of
these events were of
particularly in view
of 4-aminopyridine.

cortical excitant~arousal and
fascicular twitch could be observed,
minor concern, in our opinion,
of the remarkable therapeutic effects

.n. <8>
Authors

((
Chen HM. Lin CH. Wang TM.

.Title
Effects of 4-aminopyridine on saxitoxin intoxication.

Source
Toxicology & Applied Pharmacology. 141(1):44-8, 1996 Nov.

Abstract
Effects of 4-aminopyridine (4-AP) on neurotoxicity induced
by saxitoxi.n (STX) are investigated in this study. In
vitro, twitch tension evoked by nerve stimulation was
depressed by STX (1.35 nM) in rat phrenic nerve-diaphragm
preparations, and this i.nhibiti,onwas antagonized by 4-AP
(0.1 mM). In addition, 4-AP (0.1 mM) restored the firing of
membrane action potentials that were suppressed or even
abolished by 0.334 nll STX i.nfrog sartorius muscles. In
vivo studies showed that 4-AP (0.3 mg/kg, iv) significantly
reversed the respiratory rate, tidal volume, and blood
pressure to normal values in anesthetized STX-toxicosi.s
rats. Furthermore, 4-AP (0.75-6 mg\kg, ip) no; anly
prolonged the survival time but also decreased the
mortality of mice (71-43%) at a normally lethal dose (3o
micrograms\kg, ip) of STX. The results suggest that 4-AP
may be useful as an antidote for STX intoxication.

.-.
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Title
The effects of taxol, methylprednisolone, and
4-aminopyridi.ne in compressive spinal cord injury: a
qualitative experimental study.

Source
Surgical Neurology. 46(4):350-7, 1996 Oct.

Abstract
BACKGROUND: Taxol is a diterpene alkaloid that stimulates
tubulin production in cells. It may be effective in
preserving the cytoskeleton of spinal cord axons after
injury. METHODS: Thirty-nine rats were submitted to spinal
cord compression. The animals were divided into three
groups that received taxol (18.75 mg\m2),
methylprednisolone (3o mg/kg), or 4-aminopyridine (1
mg/kg ). Taxol was administered as one dose immediately
after injury and two additional doses on days 14 and 21.
Methylprednisolone was given as a single injection
immediately postinjury. Four-aminopyridine was administered
on days 25, 26, and 27. A group of nine injured animals
served as a control without any treatment. Evoked
potentials were recorded before, durinq, and 4 weeks
postinjury. Behavioral tests were meas~red to evaluate
recovery of motor function. RESULTS: The taxol and
methylprednisolone-treated animals demonstrated a
significant improvement in comparison with the control
group. No functional improvement was found at 1 mg/kg
treatment of 4-aminopyridine in rats. CONCLUSIONS: We
conclude that taxol and methylprednisolone given shortly
after the compression injury improve functional outcome
after an incomplete spinal cord injury.

<12>
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Wananukul W. Keyler DE. Pentel PR.

v Title
Effect of calcium chloride and 4-aminopyridine therapy on
desipramine toxicity in rats.

Source
Journal ,~ Toxicology - Clinical Toxicology.
34(5):499-506, 1996.

Abstract
BACKGROUND: Hypotension is a major contributor to mortality
in tricyclic antidepressant overdose. Recent data suggest

.-=
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that tricyclic antidepressants inhibit calcium influx in
some tissues. This study addressed the potential role of
calcium channel blockade in tricyclic
antidepressant-induced hypotension. METHODS: Two
interventions were studied that have been shown previously
to improve blood pressure with calcium channel blocker
overdose. CaC12 and 4-aminopyri.dine. Anesthetized rats
received the tricyclic antidepressant desipramine 1P to
produce hypotensi.on, QRS prolongation, and bradycardia.
Fifteen min later, animals received CaC12, NaHC03, or
saline. In a second experiment, rats received tricyclic
antidepressant desipramine 1P followed in 15 min by
4-aminopyridine or saline. RESULTS: NaHC03 briefly (5 rein)
reversed hypotension and QRS prolongation. CaC12 and
4-aminopyridine failed to improve blood pressure. The
incidence of ventricular arrhythmias (p = 0.004) and
seizures (p = 0.03) i.nthe CaC12 group was higher than the
other groups. CONCLUSION: The administration of CaC12 or
4-amlnopyridine did not reverse tricycllc
antidepressant-induced hypotension in rats. CaC12 therapy
may possibly worsen both cardiovascular and central nervous
system toxicity. These findings ~Z. support a role for
calcium channel inhibition in the paTTiogenesis of tricyclic
antidepressant-induced hypotension.

<15>
Authors
Pickett TA. Enns R.

Title
Atypical presentation of 4-aminopyri.dine overdose.
Source
Annals of Emergency Medicine. 27(3):382-5, 1996 Mar.

Abstract
4-Aminopyridine (4-AP) is an investigational drug for the
treatment of necrologic disorders including multiple
sclerosis (MS). Until recently, relatively little was known
about 4-AP toxicity i.noverdose; the only recorded cases
involved necrologic symptoms ranging from mild parasthesias
to tonic-clonic seizures. We report a case of accidental
4-AP overdose that resulted in continuous, dystonic,
choreoathetoid-type movements that responded to treatment
with standard anticonvulsant dosages of benzodiazepines.

<17>
Authors
Haghighi SS. Pugh SL. Perez-Espejo MA. Oro JJ.

Title
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Effect of 4-aminopyridine in acute spinal cord injury.

Source
Surgical Neurology. 43(5):443-7, 1995 May.

Abstract
BACKGROUND: The demyelination process has been proven to be
an important factor contributing to long-term sensory and
motor impairments after spinal cord injury (SCI). The loss
of myelin promotes exposure of K+ channels i.ninternodal
region of the damaged myelinated axons leading to K+ efflux
into the neurons with subsequent blockage of action
potentials. The potassium channel blocker 4-ami.nopyridine
(4-AP) has been effective in restorimg some sensory and
motor impairment in incomplete SCI patients. The effect of
this compound given immediately after an acute injury is
not known. The objective of this study was to determine if
blockage of K+ ions efflux immediately after an acute SCI
would improve neuronal conduction in this model of injury.
METHODS: Cortical somatosensory evoked potentials (SSEPS)
were recorded before and after a weight-induced compression
injury of 120 grams, and were monitored up to 5 hours
postinjury. A randomized treatment was initiated with
administration of either vehicle or 4-AP. All 4-AP
treatments were given as intravenous bolus injections of
1.0, 0.5, and 0.3 mg\kg at 1, 2, and 3 hours after the
trauma. RESULTS: The SSEPS were abolished immediately after
the injury in all control and treated animals. Both groups
showed spontaneous recovery of the SSEPS at the rate of
44.5% for the 4-AP treated and nontreated groups at the
second hour postinjury. This recovery rate remained the
same for both groups at the end of the experiments.
CONCLUSIONS: Based on the recovery of the SSEPSA our data
indicate that early administration of 4-AP ~ any
beneficial effect on axonal function during acute stage of
spinal cord injury.

<26>
Authors
Hayes KC. Potter PJ. Wolfe DL. Hsieh JT. Delaney GA.
Blight AR.

Title
4-Aminopyridine-sensitive necrologic deficits in patients
with spinal cord injury.

Source
Journal of Neurotrauila. 11(4) :43 ~-46, 1994 Aug.

Abstract
4-Aminopyridine (4-AP) +.sa potassium channel blocking
agent with the ability to restore conduction in
demyelinated internodes of axons of the spinal cord. The
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present investigation sought to obtain electrophysiologic
evidence of the effect of 4-AP in ameliorating central
conduction deficits in a group of patients (n = 6) with
spinal cord injury (SCI). The group was selected on the
basis of having temperature-dependent central conduction
deficits. 4-AP (24-25 mg total dose) was delivered
intravenously at 6 mgh-1 or 15 mgh-1 while somatosensory
evoked potentials (SEPS) and motor evoked potentials (MEPs)
were recorded as indices of central conduction. Two
patients exhibited marked increases i.nthe amplitude of
cortical SEPS, and in one of these, 4-AP brought about a
reduced central conduction time from L1 to cortex. Four
patients revealed increased amplitude MEPs with concomitant
reduction i,nlatency indicative of enhanced conduction in
corticospinal or corticobulbospinal pathways. Two of these
patients demonstrated ;ncreased voluntary motor unit
recruitment following 4-AP. Clinical examination revealed
reduced spasticity (n = 2), reduced pain (n = 1), increased
sensation (n = 1), improved leg movement (n = 3), and
restored voluntary control of bowel (n = 1). These results
support the hypothesis that 4-AP induces necrologic
benefits in some patients with SCI. They are also
consistent with the emerging concept that pharmaceutical
amelioration of central conduction deficits caused by focal
demyelination may contribute to the management of a select.-
group of patients with compressive or contusive SCI.

(7

<27>
Authors
Li L. Zhang YP.

Title
[Therapy of experimental autoi.mmunemyasthenia gravis in
rabbits with 4-ami.nopyridine and 3,4-diaminopyridine].
[Chinese]

Source
Chung-Kuo Yao Li Hsueh Pao - Acts Pharmacologic Sinica.
15(4):358-62, 1994 Jul.

Abstract
The autoimmune myasthenia gravis (AMG) in rabbits was
produced by i.ntradermal injection of N-AChR-rich membrane
vesicles isolated from the electric organ of Narcine
limlei. After iv. 4-aminopyridine (4-AP) 0.8 mg.kg-l to 8
AMG rabbits, their general posture improved promptly, the
features Lf gastrocnemius compound action potentials and
toe twitches elicited by 4-Hz stimuli applied to the
sciatic nerve returned to normal, and the tetanic plateau
evoked by 50-Hz indirect stimulation was again well
sustained. This improved condition lasted 9.1 +\- 2.!5 h.
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Other 8 AMG rabbits given 3,4-diaminopyridi.ne (3,4-DAP) 0.4
mg.kg-l showed a similar improvement for 9.3 +\- 3.1 h.
These results indicated that 4-AP and 3,4-DAP were
effective in treating the AMG i.nrabbits, they may be
useful i.nthe clinical treatment of myasthenia gravis
patients.

<29>
Authors
Polman CH. Bertelsmann FW. de Waal R. van Diemen HA.

@

Uitdehaag BM. van Loenen AC. Koetsier JC.
Title

&

4-Aminopyridine is superior to 3,4-diam.inopyridine in the
treatment of patients with multiple sclerods.

Source
Archives of Neurology. 51(11):1136-9, 1994 Nov.

Abstract
OBJECTIVE: To compare the efficacy and toxicity of
4-aminopyridi.ne and 3,4-diami.nopyridine in patients with
multiple sclerosis. DESIGN: Intervention study with a
before-after design and a randomized, double-blind,
crossover design. SETTING: University referral center.
PATIENTS: Twenty-four patients with definite multiple

~. sclerosis who had been treated in a previous clinical trial
with 4-aminopyridine. INTERVENTIONS: Nonresponders to
treatment with 4-aminopyridine (14 patients) were treated
with 3,4-diaminopyri.dine in a 4-week, open-label trial with
doses up to 1.0 mg\kg of body weight (before-after design).
Responders to treatment with 4-aminopyridine (10 patients)
participated in a comparative study of 6 weeks’ duration
with 4-aminopyridi.ne and 3,4-diaminopyri.dine according to a
randomized, double-blind, double-crossover design. MAIN
OUTCOME MEASURES: Neurophysiologic variables for
nonresponders, necrologic functions and symptoms on a
visual analogue scale for responders, and side effects for
both groups. RESULTS: Toxicity profiles of 4-aminopyridine
and 3,4-diaminopyridi,ne were different, and systemic
tolerability was reduced for 3,4-diaminopyridine.
4-Ami.nopyridine was more effective than
3,4-diaminopyridine, especially for ambulation, fatigue,
and overall daily functioning. CONCLUSION: Our data suggest
that, concerning both efficacy and side effects,
4-aminopyridine is superior to 3,4-diaminopyridine in the
treatment of patients with multiple sclerosis.

<30>

Authors
.-=
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Smits RC. Emmen HH. Bertelsmann FW. Kulig BM. van
Loenen AC. Polman CH.

Title
The effects of 4-aminopyridi.ne on cognitive function in
patients with multiple sclerosis: a pilot study.

Source
Neurology. 44(9):1701-5, 1994 Sep.

Abstract
4-Aminopyridine (4-AP) has a favorable effect on the
disability of certain patients wi,thMS. We investigated the
effect of 4-AP on neuropsychologi.cal performance in 20 MS
patients using a randomized, double-blind,
placebo-controlled, crossover design. Although there was a
trend for improved performance with 4-AP for two of the
tests, we could not demonstrate significant effects of 4-AP
on cognitive function.

<32>
Authors
Bever CT Jr.

Title
The current status of studies of aminopyridines in patients
with multiple sclerosis. [Review] [29 refs]

Source
Annals of Neurology. 36 Suppl:Sl18-21, 1994.

Abstract
Because the symptomatic treatments for multiple sclerosis
(MS) are limited, new approaches have been sought.
Anatomical studies of MS lesions show a relative
preservation of axons, and clinical studies suggest that
some of the neurological impairment i.npatients with MS is
physiological. Electrophysiological studies suggest that
demyelination exposes axonal potassium channels that
decrease action-potential duration and amplitude, hindering
action-potential propagation. Potassium channel blockers,
including aminopyridi.nes, have been shown to improve nerve
conduction in experimentally demyelinated nerves. Two
potassium channel blockers, 4-aminopyridine (AP) and 3,4
diaminopyridine (DAP) have been tested in patients with MS.
Preliminary studies of AP demonstrated benefit in many
temperature-sensitive patients with MS, and improvement of
function was found i.n a large randomized double-blind,
placebo-controlled crossover trial of 3 months of oral
treatment in 68 patients with MS. An open-label trial of
DAP showed improvement in come deficits, and a double-blind
placebo-controlled trial showed significant improvements in
prospectively defined neurological deficits. A crossover
comparison of the two agents suggested that AP produces
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more central nervous system side effects (dizziness and
confusion) , whereas DAP produces more peripheral side
effects (paresthesia and abdominal pain). Both agents have
rarely caused seizures. These studies suggest that
aminopyridines may provide a new approach to the
symptomatic treatment of MS. [References: 29]

<33>
Authors
Bever CT Jr. Young D. Anderson PA. Krumholz A. Conway
K. Leslie J. Eddington N. Plaisance KI. Panitch HS.
Dhib-Jalbut S. et al.

Title

v

The effects of 4-aminopyridine in multiple sclerosis
patients: results of a randomized, placebo-controlled,
double-blind, concentration-controlled, crossover trial.

\
Source

$/

Neurology. 44(6):1054-9, 1994 Jun.
. Abstract

@ Because 4-aminopyrkLirie (AP) improves residual deficits in
~ nualt~ple.SUIU*S (MS) patients but has a narrow
toxic-to-therapeutic margin, we compared the safety and
efficacy of two target peak serum concentration ranges

.~ (low: 30 to 59 ngiml and high: 60 to 100 ng\ml). We
enrolled eight MS patients with temperature-sensitive
visual and motor deficits in a randomized,
placebo-control led, double-blind, crossover trial of
short-term oral AP treatment. We randomized patients to a
sequence of three treatments on three separate days:
placebo, low serum concentration, and high serum
concentration. We determined dosing to achieve the desired
steady-state peak serum concentration ranges from a test
dose and population pharmacokinetic parameters using
bayesian estimation. Contrast sensitivity, standard
necrologic examination, ratings of videotaped necrologic
examinations, and quantitative strength assessment all
improved with treatment, but flicker fusion frequency,
visual evoked response latencies, and Expanded Disability
Status Scale scores did not. All patients experienced side
effects during the high-serum-concentration arm. A grand
mal seizure occurred at a serum AP level of 104 ngiml, and
an acute confusional episode occurred at 114 ng\ml. AP
treatment produced improvements in residual deficits in MS
patients, but the occurrence of significant toxicity
suggests that AP serum levels should be monitored and peak
levels above 100 ngiml should be avoided.
Concentration-control methodology may be useful in testing
putative treatments for other necrologic diseases.



Page Number : 11

n.——---

-.

(Y

<36>

Authors
Polman CH. Bertelsmann FW. van

Title
4-aminopyridine in the treatment

Loenen AC. Koetsier JC.

of patients with multiple
Sclerosis. Long-term efficacy and safety.

Source
Archives of Neurology. 51(3):292-6, 1994 Mar.

Abstract
OBJECTIVE: To study the long-term efficacy and safety of
4-aminopyridine in patients with multiple sclerosis.
DESIGN: Case series, follow-up varying from 6 to 32 months.
SETTING: University referral center. PATIENTS: Thirty-one
patients with definite MS, 23 of them being exposed to
long-term administration (6 to 32 months) of
4-aminopyridine, since they showed a favorable initial
response to the drug. INTERVENTIONS: Long-term oral
treatment with 4-ami.nopyridine in dally doses of up to 0.5
mg/kg of body weight. MAIN OUTCOMEMEASURES: Necrologic
functions and symptoms as reported by the patients; side
effects. RESULTS: Twenty of 23 patients who showed a
favorable ini.ti.al response benefited from long-term
administration. Ambulation and fatigue (each in 13
patients) and visual IRmcthn (tn tiwvs’pam~ were most
frequently reported to be improved. Three major side
effects did occur during a follow-up of 406 patient months:
a generalized epileptic seizure in two patients and
hepatitis in one. CONCLUSIONS: Although a substantial
proportion of patients with multiple sclerosis seem to
benefit from long-term administration of 4-aminopyri.di.ne,
additional studies are needed to clarify the exact value of
the drug.

<40>

Authors
van Diemen HA. Polman CH. van Dongen MM. Nauta JJ.
Strijers RL. van Loenen AC. Bertelsmann FW. Koetsier JC.

Title
4-Aminopyridine induces functional improvement in multiple
sclerosis patients: a neurophysiological study.

Source \
Journal of the Neurological Sciences.

G
116(2’ :@2~- , 1993

Jun.
Abstract
This study reports on the neurophysiologi,cal measurements
that were performed in the context of a randomized,
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double-blind, placebo-controlled, cross-over study with
intravenously administered 4-aminopyridine (4-AP) in 70
patients with definite multiple sclerosis (MS). A
beneficial effect of 4-AP was found for both visual evoked
response and eye movement registration parameters. This
study extends the experimental data obtained on animal
nerve fibers, showing that 4-AP can improve impulse
conduction in demyelinated nerve, to clinical data which
iml~cate that 4-AP induces an &jectlve improvement i.n the
central nervous syslxw function in MS-patients. It thereby
also provides a theoretical basis for clinical efficacy of
4-AP in MS.

<42>
Authors

Hansebout RR. Blight AR. Fawcett S. Reddy K.
Title

4-Aminopyridine in ch.roni.c spinal cord injury: a
controlled, double-blind, crossover study in eight patients
[see comments].

Source
Journal of Neurolxauma. 10(1):1-18, 1993 Spring.

Abstract
The potassium channel blocking drug 4-aminopyridi.ne (4-AP)
was administered to eight patients with chronic spinal cord
injury, in a therapeutic trial based on the ability of the
drug to restore conduction of impulses in demyelinated
nerve fibers. The study was performed using a randomized,
double-blind, crossover design, so that each patient
received the drug and a vehicle placebo on different
occasions, separated by 2 weeks. Drug and placebo were
delivered by infusion over 2 h. An escalating total dose
from 18.0 to 33.5 mg was used over the course of the study.
Subjects were evaluated neurologically before and after the
infusion. Two subjects returned for a second trial after 4
months and were examined daily for 3 to 4 days following
drug infusion. Side effects were consistent with previous
reports. Administration of the drug was associated with
significant temporary necrologic improvement in five of six
patients with incomplete spinal cord injury. No effect was
detected in two cases of complete paraplegia and one of two
severe incomplete cases (Frankel class B). Improvements in
necrologic status following drug administration included
increasz motor control and sensory ability below the
tijury, and reduction in chronic pain and spasticity. The
effects persisted up to 48 h after infusion of the drug,
and patients largely returned to preinfusion status by 3
days. Compared with the more rapid elimination of the drug,
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these prolonged necrologic effects appear to involve a
secondary response and are probably not a direct expression
of potassium channel blockade.

<43>
Authors
Hayes KC. Blight AR. Potter PJ. Allatt RD. Hsieh JT.
Wolfe DL. Lam S. Hamilton JT.

Title
Preclinical trial of 4-aminopyridine in patients with
chronic spinal cord injury.

Source
Paraplegia. 31(4):216-24, 1993 Apr.

Abstract
4-Aminopyridine (4-AP) is a K+ channel blocking agent that
enhances nerve conduction through areas of demyelination by
prolonging the duration of the action potential and
increasing the safety factor for conduction. We have
investigated the effects of 4-AP (24 mg total
dose-intravenous) in 6 patients with spinal cord injury (3
complete, 3 incomplete) with the intent of overcoming
central conduction block, or slowing, due to demyelination.
Vital signs remained stable and only mild side effects were
noted. The 3 patients with incomplete injuries all
demonstrated enhanced volitional EMG interference patterns
and one patient exhibited restored toe movements. The
changes were reversed on drug washout. There were no
changes in segmental reflex activities. These results are

consistent with those obtained from 4-AP trials with animal

models of spinal cord injury, showing modest therapeutic

benefit attributable to enhanced central conduction.

<44>
Authors
van Diemen HA. van Dongen MM. Dammers JW. Polman CH.

Title
Increased visual impairment after exercise (Uhthoff’s
phenomenon) in multiple sclerosis: therapeutic
possibilities.

Source
European Neurology. 32(4):231-4, 1992.

Abstract
The Uhthoff symptom, a transient impairment of visual
function after exercise, is demonstrated in 2 multiple
sclerosis patients. Following exercise, impairment of
visual function, as documented most clearly by the testing
of contrast sensitivity, was less obvious after body
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surface cooling and after treatment with orally
administered 4-aminopyridine. It is hypothesized that both
treatment modalities improve the nerve conduction safety
factor and thereby prevent the occurrence of a conduction
block, which is believed to be the mechanism underlying the
Uhthoff symptom.

/

<47>
Authors
van Diemen

@

Nauta JJ.
Title

k

The effect
sclerosis:

-cross-over
Source

HA. Polman CH. van Dongen TM. van Loenen AC.
Taphoorn MJ. van Walbeek HK. Koetsier JC.

of 4-aminopyridine on clinical signs in multiple
a randomized, placebo-controlled, double-blind,
study .

Annals of Neurology. 32(2):123-30, 1992 Aug.
Abstract
To find out whether treatment with 4-aminopyridine is
beneficial in multiple sclerosis (MS), 70 patients with
definite MS entered into a randomized, double-blind,
placebo-control led, cross-over trial in which they were
treated with 4-aminopyridine and placebo for 12 weeks each
(maximum dose, 0.5 mg/kg of body weigl@. The estimated

-~. effect of the treatment as measured with the Kurtzke
expanded disability status scale, which was the main
evaluation parameter, was 0.28 point (p = 0.001). A
significant decrease in the scale score (1.0 point or more)
was encountered in 10 patients (16.4%) during oral
treatment with 4-aminopyridine whereas it was not seen
during placebo treatment (p less than 0.05). A significant
subjective improvement (defined as an improvement that
significantly affected the activities of normal daily life)
was indicated by 18 patients (29.5%) during 4-aminopyridine
treatment and by 1 patient (1.6%) during placebo treatment
(p less than 0.05). Significant improvements related to
4-aminopyridine occurred in a number of neurophysiological
parameters. No serious side effects were encountered.
However, subjective side effects such as paresthesia,
dizziness, and light-headedness were frequently reported
during 4-aminopyridine treatment. Analysis of subgroups
revealed that there was no difference in efficacy between
those patients randomized to receive 4-aminopyridine and
then placebo and these randomize to receive placebo and
then 4-aminopyridine or between patients with and those
without subjective side effects. Especially patients with
temperature-sensitive symptoms and patients characterized
by having a longer duration of the disease and being in a

-----
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progressive phase of the disease were likely to show clear
clinical benefit.

<48>
Authors
Nockels R. Young W.

Title

k

Pharmacologic strategies in the treatment of experimental
spinal cord injury. [Review] [127 refs]

Source
Journal of Neurotrauma. 9 Suppl 1:S211-7, 1992 Mar.

Abstract
Remarkable advances have been made in pharmacologic
treatments of acute and chronic spinal cord injury. The
recent National Acute Spinal Cord Injury Study (NASCIS)
showed that very high dose methylprednisolone given within
8 hr after injury improves necrologic recovery. The
mechanism is believed to be inhibition of lipid
peroxidation. Many other drugs have been claimed to be
beneficial in animal studies, including other lipid
peroxi.dation inhibitors, free radical scavengers, opiate
receptor blockers, NMDAreceptor blockers, calcium channel
blockers, inhi,bi.tors of arachi,donic acid metabolism, and_—_
protease i.nhibi.tors. In chronic spinal cord injury, much
progress also has been made. Myelin was found to possess
factors that inhibit axonal regeneration. Blocking these
factors enhances spinal cord regeneration. Monosi.alit

gangliosides (GM1) were recently found to improve

necrologic recovery in spinal-cord-injured patients. Given

as late as 48-72 hr after injury, the mechanism of action

is not well understood. However, the GM1 results give hope

that recovery mechanisms can be manipulated

pharmacologically. Nonregenerative therapy for chronic

spinal cord injury is also being developed. Several drugs,

including 4-aminopyridine and baclofen, respectively

blockers of potassium channels and GABA-B receptors,

improve conduction in demyelinated axons. These drugs may

be useful for identifying patients who might benefit from

remyelination therapy. Finally, NASCIS has complicated

acute spinal cord injury studies. To bring a drug to

clinical trial, an investigator must now determine the

~ptimal treatment dose, timing, and duration over a range

of injury severities, in comparison and combination with

methylpredni.solone. This requirement has so increased the

scale of drug testing that multicenter laboratory trials

may be necessary. [References: 127]
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<50>

Authors
Stefoski D. Davis FA. Fitzsimmons WE. Luskin SS. Rush
J. Parkhurst GW.

Title
4-Aminopyridine in multiple sclerosis: prolonged
administration.

Source
Neurology. 41(9):1344-8, 1991 Sep.

k

Abstract
In an earlier study, we demonstrated efficacy of single
oral doses of 4-aminopyridine (4-AP) in improving motor and
visual signs in multiple sclerosis (MS) patients for a mean
of 4.97 hours. We attempted to determine whether efficacy
could safely be prolonged using multiple daily doses over
several days by administering 7.5 to 52.5 mg 4-AP to 17
temperature-sensitive MS patients in one to three daily
doses at 3- to 4-hour intervals over 1 to 5 days in a
double-blind study. Nine of these patients were also tested
with identically appearing placebo. Thirteen of the 17
patients (76%) given 4-AP showed clinically important motor
and visual improvements compared with three of nine in the
placebo group. Average peak improvement scores were 0.40

~. for 4-AP and 0.12 for placebo. Seventy percent of the daily—
4-AP improvements lasted 7 to 10 hours. Th~.,~~rovements
for two consecutive doses of +AP lasted a mean of- 7.(Y’F
hours (83% of the average 8.53-hmr tr@&t@@-observation
period) compared with 2.36 “hours for plac6bt,1[26%-of~
average SA6++our treatnent-observati.on period). No serious
side effects occurred. 4-AP is a promising drug for the
symptomatic treatment of MS.

<51>
Authors
Blight AR. Toombs JP. Bauer MS. Widmer WR.

Title

k

The effects of 4-aminopyridine on neurological deficits in
chronic cases of traumatic spinal cord injury in dogs: a
phase I clinical trial.

Source
Journal of Neurotrauma. 8(2):103-19, 1991 Summer.

Abstract
A Phase I trial of 4-aminopyridine (4-AP) was carried out
in 39 dogs referred to the veterinary teaching hospital
with naturally occurring traumatic paraplegia or
paraparesis. The rationale for the study was provided by
the observation that 4-AP restores conduction in

~.—p. demyelinated nerve fibers in experimental spinal cord
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injury. Most injuries (77%) resulted from degenerative disk
disease, occurring at or near the thoracolumbar junction,
and producing chronic, complete paraplegia. Neurological
examination of each dog was recorded on videotape before
and at intervals after administration of 4-AP. The drug was
administered systemically in total doses between 0.5 and 1
mg\kg body weight. Three areas of neurological status
changed significantly at 15-45 minutes following
administration of 4-AP: (a) striking improvements in
hi.ndlhnb placing occurred in 18 animals; (b) increased
awareness of painful stimuli to the hindlimb in 10 animals;
(c) partial recovery of the cutaneus trunci muscle reflex
of the back skin in 9 animals. These effects reversed
within a few hours of administration. Other animals (36%)
showed no change in neurological signs except a slight
enhancement of hindlimb reflex tone. Significant side
effects were seen in 6 dogs receiving higher intravenous
doses, with elevation of body temperature and apparent
anxiety, leading to mild seizures in 3 of the animals.
These seizures were controlled with diazepam. The results
indicate that conduction block may contribute significantly
to functional deficits in closed-cord injuries and that
potassium channel blockade may prove to be a ‘“ - “

___ limited approach to therapeutic intervention.—
paraplegia and paraparesi.s.

valld, if
in chronic

<!52>
Authors
Wiseman EJ. Jarvik LF.

Title
Potassium channel blockers: could they work in Alzheimer
disease?. [Review] [38 refs]

Source
Alzheimer Disease & Associated Disorders. 5(1):25-30, 1991
Spring.

Abstract
l!any of the actions of potassium channel blockers, such as
4-aminopyridine, appear to complement the deficits in
ALzheimer disease. The two clinical studies in the
literature are contradictory, so potassium channel blockers
may still merit trial in Alzheimer disease. [References:
38]

<59>
Authors

Davis FA. Stefoski D. Rush J.
r—= Title?“
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Orally administered 4-aminopyridine improves clinical signs

k

in multiple sclerosis [see comments].

}

Source
# Annals of Neurology. 27(2):186-92, 1990 Feb.

Abstract

Y

& 4-Aminopyridine (4-AP), a potassium channel blocker,
re@mres conduction in blocked, demyelina.ted animal nerve.

?
Its administration to multiple sclerosis (FE] patientx
produces transient neurological improwe~. Vision
i~oves after either oral or intravenous administration,
whereas motor function improvement has been reported only
with the latter. To assess further its potential as a
practical symptomatic treatment, we studied the efficacy of
single, oral doses of 4-AP on both visual and motor signs
in MS. Twenty temperature-sensitive male MS patients were
given either 10 to 25 mg of 4-AP or identically appearing
lactose placebo capsules. Static quantitative perimetry,
critical flicker-fusion, visual acuity, visual evoked
potentials, and videotaped neurological examinations were
monitored. All of 15 MS patients given 4-AP mildly to
markedly improved. Motor functions (power, coordination,
gait) improved in 9 of 13 involved, vision in 11 of 13, and
oculomotor functions in 1 of 2. Improvements developed
gradually at doses as low as 10 mg, usually beginning

-= within 60 minutes after drug administration, and reversed___
gradually over 4 to 7 hours. No serious adverse effects
occurred. No significant changes were. obskrved. in 5’ MS
patients giverr placebo. #e conclude that ora~ly
administered 4-AP produces clinically important
improvements in multiple, chronic deficits in MS. Further
studies are warranted to assess efficacy and safety of
prolonged administration.

.n.
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4-b 4-AminoDvridine Im~roves Pulmonary Function
~’

in Quadriplegic Humans with Long&anding
Spinal Cord Injury

Jack L. .Segal, M.D., FACP, FCE md sherq R. B~nnemann! B.S.

Study Objective. To test [he hypothesis chat +arninopy-idine (4-AP) might

cause clinically evident improvement in pulmonary function in humans
with chronic spinal cord injury (chronic SCI).

Design. Balanced, open-Iabel study w-ith subjects consecutively enrolled.

Setting. Spinal Cord Injury Service, university-affiliated tertiary level care
Department of Veterans Affairs Medical Center.

Patients. Seventeen healthy men and women suffering from traumatic SCI
(11 quadriplegic. 6 paraplegic pa[ients) for more than 1 year.

lntewentions. Each subject was git~en a single dose of 4-AP 10 mg orally in
an immediate-release formulation.

Measurements and Main Results. Significant increases in mean values of
forced expirato~ volume in 1 second (FEV1), forced vital capacity (WC),

maximal inspiratory pressure (MIP), and maximal expiatory pressure

(MEP) that persisted for at least 12 hours were demonstrated in

quadriplegic patienLs beginning 6 hours after 4-.+P administration. Tests of
pulmonary function that demormrated statistically significant increases at
any time were also numerically, if not statistically, increased at 24 hours

compared with pretreatment valufi ob[ained in 4-AP-naive subjects.

Conclusions. The administration of a single dose of an immediate-release

formulation of -+-AP to humans with longstanding, traumatic quadriplegic
is associated with sustained, clinically meaningful, and statistically—,—_

-<gnlflcan[ imProvements~fifi7i~o~ .-’W;;@&thti~it-hehe
——. .—

‘:dm~~-~tEn%n-AP may have ~s~ti-fi-e-ffe;;-in patients suffering from

SCI and appears to be associated wih..p~Lmliallx&l~@Laly&~g~:nt————
reductions in the pathophysiologic pulmona~ sequelae of SCI.

(p1a=Fr~~W:~fi~ZT33z~)-”–---”---””-—— —
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Impaired pulmonary function is a
pathophysiolo~ic sequela of cervical spinal cord
inptq. SCI). Splromemy and static lung volumes
and capacities ~are altered at the time of injury.’
Diminished respiratory muscle strength causes
decreases In ~ximal expirato~ pressure (MEP)
and maximal ~lnspiratory pressure (MIP) and
contributes [d the morbidity and mortali[; of
both the acute~ and chronic phase of inju~. i-j .+

-cl’restrlc[l~.e de: c, III pulmonary funct)on caused
‘CIVpaiai\-5[s 0[ ihe muscles of respiration

predorn!na[es during the period of spinal shock
and perslstj throughou[ the lifetlme of the
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Table1.PatientCharacteristics

[rrju~ Age Helgh[ Welghc
Gender Iryny LeveP Duration (yrs) (}7S) (cm) (kg)

M Q5 incomplete 8 46 172.7 696
M C3incomplete Z6 45 190.5 100.0
M CLincomplete 9 38 175.3 69.1
F CM incomplete 13 29 157,5 47.7
M CTincomplete 28 60 181.6 65.9
v C% recomplete 33 180.3 81.8
M CL~ recomplete : 28 177.8
M

70.5
& recomplete 10 57 180.3 786

F Q5 complete l-l 34 163.8 54.6
M CW, complete 26 +4 175.3 90.9
M C= complete 3 26 185.+ 8+.1

Mean t SD 1429 4(2*12 176.+ * 9.3 739* 15.3

%1 T,.-Ll incomplete 39 61 182.9 104.6
M L1-+recomplete 4 53 172.7 80.9
F TS5 incomplete 14 41 160.0 52.3
M T8 mcomple[e 9 59 182.9 90.0
M Tag incomplete 8 36 170.2 79.6
M Tw complete 6 42 1792 55.9

Mean * SD 13 * 13 49* lC 1731 :8.: 77.2 * ?0 o
‘.+mencan 5pmal InJury .kocutaotinlemauonal Medical SoClew of F’araplegla cruem “

sutvivor of a cervical SCI. Recently, obstructive
pulmonary disease of potential clinical
significance associated with hyperreactive small
airways has been described in cervical SCI.4 5
When respiratory failure supervenes, acute and
chronic dependence on mechanical ventilator-y
assistance or phrenic pacing can become,
arguably, the most debilitating and resource-
consuming therapeutic interventions. b The
restrictive component of pulmonary disease
caused by a paralyzed diaphragm or respiratory
muscle weakness impairs the clearance of
bronchial secretions and predisposes victims of
SCI to recurrent bronchopulmonary infections,
life-threatening sepsis, and respiratory failure.’

Following SCI, many of the nerve axons tha~
traverse the anatomical site of injury are
preserved, but become demyelinated and
nonfunctional.8 Thus, a clinically significant,
potennallv reversible conduction block causing
paralysis of the muscles of respiration can occur
as a result of injury

4- Aminopyridine (+-AP) is a potassium
channel blocker capable of enhancing the
propagation of action potennals in demvelinated
neurons It has been shown to facilitate the
conductor of Impulses within the damaged
splnai cord of humans and anima\s, o-’j This
capabllitv has been associated w-lth modes[
Improvements In electrophysiolosyc variables and
clinically e~ldent improvement m necrologic and

sensorimotor function. ~ ‘! ‘4 Because of the
unique, potentially beneficial pharmacologic
properties exhibited by 4-.+Ri5 we initiated this
study to test the hypothesis that 4-AP might
cause similar, salutaty effects demonstrable as an
improvement in pulmonary function in humans
with chronic SCI.

Patient Selection and Methods

Fourteen healthy men and three healthy
women suffering from traumatic SCl for more
than 1 yeais duration (chronic SCI) volunteered
for this study and were consecutively enrolled.
They consisted of 11 quadriplegic patients (age
and injury durauon, 40 * 12 years, and l-l * 9
years, respectively) and 6 paraplegic patients (age
and injury duration, 49 = 10 years, and 13 i 13
years, respectively) (Table I). One paraplegic
and three quadriplegic patients were
neuro{ogically complete (.+merican Splnal Injury
Association/International Medical Society of
Paraplegia criteria), ‘b Absolute contraindications
to participation in this studv included a hisLon~
of seizures or epilepsy, or of an abnorma’1
electroencephalogram: recreational drug use,
inciudlng ehanol: treatment w~th bronchodilators.
or anticholiner:lc i a[roplnlc, or an[ihistarnlnlc
drugs. or pregnz-nc~, or Inaciequate or unverifiable
contracepnve measures. Patients resumed tnelr
usual sleep-wake cvcle. }m-e~oi func[lon. eating



+-.4P AND PLIMON.4RY FL-YCTION

patterns, and daily activities not sooner than 3
hours after lngestmg a single dose of [he stud}

1?4SC] Segal and Brunnemann 417

forced expira[o~ volume in 1 second (FEV1),
forced vi[al capacity (WC), FEVI:FVC ratio,

-~-drug. All stu-dies were initiated fo[lowing an MEP, and MIP were obtained in triplicate and

K’--

ove~night [as: and at the same time of day [o
minimize the influence of diet and circadian
variabilit;-. respectively. Ins[icutional review
board approva: and the w-itten informed consent
of each participant were obtained.

.4fter Precres:ment pulmonav function [esLs

J=were pe~ormed, each ~ubjec[ in&ted 10 mg of

k

. crystalline 4-.4P (rot #P96-23d-3: Regis Chemical
C~n Grove, IL” ~ncapsulat.ed:~!h
lactose in an immedia[e-release formulation.

7Pr;rearment and follow-up pulmona~ function
d

tests were consecutively acquired and
standardized spirometric measurements
(Vitalograph Spirometer Model S; Vitalograph
Medical Instrumentation, Lenexa. KS); MEPs and
MIPs were serially measured according to the
method of Black and Hyat[.: \leasuremen Ls of

followed for 24 hours using a sampling-rich
strate~.

Statistical .\nalyses

The not-rnali~ of the underl;ting distributions
was tes[ed using D“.4gostino’s robust D test, and

tests of the significance of the differences
beween the means of continuous variables were
carried out using repeated measures (randomized
block) analysis of variance (A NOVA) or an
appropriate nonparametnc analysis based on the
xl test. The strength of association between
inju~ level and pulmonary function tests was
assessed using t~vo-variable linear regression
analys~. A probabili~ (p value) below 0.05 was
required to assign statistical significance to the
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Table 2. Spirometry, MEP, and MIP A Comparison of Predicted, Pretreatment. and Maximum Values in 17Patients with

Predicted Preueatment ?daxlmum’ Predic[ed Preuea[mencMaximumC Pretre3tmen[
Inpn Level/GenderFEV,’ (L) FEV1 (L) FEV1 (L) FVCb (L) FvC (L) FVC (L) MEP (cm H20)
G5 incompletdvf 3.65 2.06 2.85 4.56 253 3.20 +8.00 —

CSmcompletdtd
Clmcomplet~
C* mcompletfi
C;mcompletdhl
C% mccmpleteAl
~~ mcompletu’kl
~- mcompletfl
G$ completti
C& completdvl
C% cotnpletm

T12-LI mcompletfi
LM mcomple[~
TK5mcompietfi
T8mcomplet~
T&QIncompletdhl

+.48
3.99
2.86
3.55
4.36
+.36
3.61
2.99
3.82
+.79

3.56
344
2.69
3.64
3.81

2.79
1.+5
182
2.98
2.99
2.8

374
0.78
1.19
1.36

2.29
2.73
2.27
3.02
3.07

3.95
2.05
2.08
316
3 ~~

3.36
3.86
0.99
1.+6
1.51

2.+2
2.77
2.51
3.03
344

5.59
4.91
3.41
4.55
5.32
5,27

4.60
3.60
4.76
5.77

4.57
4.35
3.30
4.65
4.68

4.45
2.27
1.9+
2.89
3.613
2.67
4.50
1.19
1.61
1.08

2.88
2.94
2.80
3.50
3.69

5.30
2.63
2.16
349
4.13
3.50
4.6+
1.35
1.91
1.26

3.03
3.14
2.96
3.66
3.70

+0.67
?1 00
36.33
89.d17
22.67
+667
104.S0
Z()33
4307
I0800
55.33
76.00
60.33
90.33
7>.00

T* completdhl 3.66 2.57 2.69 4.54 3.20 3.43 88.00
?4ak WI x HC2(15+1 - 4.06 x 10”3 age 6.14 x 10”* age:!. females FW1 = H[l’1 322- +.06 x 10’ age - 6.1+ x 10-’ age:). America;
ThoraclcSclery‘-
bMales~“C=HI](l75-135x 10<age-1,01x IV age:).{emakxNC =Ht~(l.+63-1.35x 10-age-1.01x104age~)+mencanThorac]c
*,em :-

~ 05. prewatmcn! w rnaxrmum

difference between means or medians. Mean data
are expressed as the mean * 1 stmdard deviation
unk othetwise indicated. Clinically meaningful
changes in pulmonary function tests, as
distinguished from numerical or statistically
significant increases, were defined using the
conventions adopted by the American Thoracic
Society (ATS). 17 Standard nonlinear equations
were used to predict FEV1 and FVC as a function
of chronologic age, height, and gender. [~

Results

Statisticallysignificant increases in mean FEVl
and FVC were demonstrated in all 11
quadriplegic patien~ beginning 6 hours after the
administration of a single 10-mg dose of an
immediate-release formulation of 4-AF! Each of
the statistically significant Increases in
spirome Lrv also met the published .ATS
percentage criteria for defining clinical utility or a
clinically meaningful pharmacologic response
(Table 2}. Increases in FEV1 and FVC LFigure1)

meeur% ATS crt[eriapersistedfor 12 hours after

dose adrninistranon. The FEVl:F\rC ratiodid
not change appreclabl~- from pretreatment In
patlen[; with quadriplegla. In contras[ [o
pretrarment values. mean ME? and \fIP reached
a maximum at 10 and S houis. respec[l~eiv.
foIlowtng +-.AP admlnlstrauon. These increases

in respiratory pressures were statistically
significant. Mean MEP went from a 10% increase
at 4 hours into the study to a maximum of 22%
(P= O.03) in all quadriplegic patients; it then
declined to 14% at 12 hours and continued to
demonstrate an 11% increase over pretreatment
levels at 24 hours (Figure 2). Mean MIP m all
quadriplegic patients went from a 130A increase
in negative pressure at 6 hours to a maximum
increase of 20% (p= O.06) at 8 hours and
remained elevated to 13% over the pretreatment
value at 12 hours into the study. Spiro metry,
MEE and MIP in the eight quadriplegic patients
with incomplete injury demonstrated a similar
time course, but were larger numerically prior to
treatment with 4-AP and at each time of
measurement thereafter (Figure 2).

Statistically significant associations between
changes in spirometry, MEP, MIP. and the
independent variable injury level w’ere

demonstrated in patients with SCI prior to and
following 4-.+P administration. Significant
associations with correlation coe(ficien[s (r
values) greater than 0,82 (p< O.02) v.ere
demonstrated following [reatment with +-.4P
when percentage increase in MEP and change tn
FE\’l as a percentage of FE\”: predlc[ec! were
regressed ag,alnjtthe cord level of ~njur~ In
quadrlplesz]c patients ~i[h lncompie[e iilJUT}”

I Ftgure 3~. In this same group of pa[iencs. r
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Table 2. (continued)

~-= \taximumC Pretrtatmenl Ma-wmum’
fEP (cm H20) !vilP (-cm HIO) MIP ~-cm H20)

98.00 6567 65.00
99.00 5233 107.00
56.33 3i 33 6367
+5.00 6C 17 f+ 67

81.00 6; -+0 7’00
+1.33 0<67 $)$,1-J(J

8367 6533 S3.67
107.00 86 do 106.67
25.00 .+9 67 5500
68.00 62.33 92.50
101.33 62.00 5667

79.00 3567 5+,67
73.33 i? 67 @9.33
70,33 6500 80.67

119.67 7893 ldl.50
98.00 5267 6567
105.00 61.33 64.33

values greater than 072 were calculated for the
association between injury level and FE\’I or the
percentage change in measured FEYl. Among all
quadriplegic patients, significant associations
with r values greater than or equal to 0.71 were
observed between percentage increase in MEP or

s- ercentage increase in FEV1 and the level of the
.ervical cord injury. The linear regression
equation relating time elapsed from pretreatment
measurement of FEV1 to the highest value
attained yielded a cot-relation coefficient of 0.78
(p< O.001) in all 17 subjects with 5CI (Figure 3).

NO statistically significant changes over
pretreatment spirometry, MEP, or MIP were
observed among paraplegic patients followed for
2+ hours after ingesting 4-AP. Moreover,
pretreatment pulmonary function testing could
not distinguish paraplegic from quadriplegic
subjects, statistically, although numerical
differences suggestive of trends were noted
(Table 2). Pretreatment spirome~ (FVC, FEVl)
in paraplegic or quadriplegic subjects was
significantly lower than values predicted from
standard equations derived In healthy, able-
bodied (intact neuraxis) volunteers The
paraplegic patients. nevertheless. could be used
as an internal control populanon in whom the
consistent lack of response and an overall flat
response curve to ~-.AB support ~he absence of
any change in puimonam function attributable to
a ‘leamlng effect, ” .$.11patients l~lth cem~cal SCI

‘-quadnplegia’ were re2dily dvstlngtushable from
pa[len[s wnth thoracolumbar m]u~: paraplega;
w-’nen [Ime (hours; [O attain maxlmurn values of

FEY1, WC. ME~ and MIP was compatcd beLwccn
groups (pcO.05). In contrast to quadriplegic
pa[ients. significant linear correlations between
injury level and MEIl MII? or spirometry were no[
observed in patients with paraplegia.

Discussion

The results of this study cleariy support, the
conclusion that 4-.4P appears [o improve
pulmonary function in patients with quadnplegia.
Subsequent to the administration of 4-AP,
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Figure 2. (Panel A) The time-coumeprofdes of the mean
percemage change m maximal expiatory pressure (MEP)
followng the administration of +-.4P to all quadriplegic
pauerm (=) or quadriplegicpa[ients wnth incomplete mju~
(A) are superimposed on the same axes. Patients twth
uscomplete injury demonstramd a greater response 10 +-.+P
at each urne point. Differences between cume maxima at 10

hours were sracistIcally sgmftcant as were the differences
between the maximum value and pretreacmen[ value of
MEP. (Panel B) Mean percentage change with ume In
max]mai Insp]ratorv pressure (MIP)comparedwith[he
precrea~men(valueIscontrastedbetween all quadriplegic
pauents , ■ ) and Incomplete (A j cerwcai cord ln]u~
Maximum increases in neganve pressure and the magnitude
of [he cnanges In MI?, In generai. were less than [hose
obscr~ed :n MEP A ;taustlcal}t slgnlflcan[ (p<~ P5’
difference ‘be~een VIP prerrestment and at tie nme u hen
[he max: mum c’n3ns?e Ln Y1;P occurred is !lrj Ua>,.
demonsmted m pauents ulth ~ncompiete cpmdnpleya

i
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sta[istlcally significant. clinicall)- meaningful
responses’; occurred in patients with
longstanding cervical SCI. For the first time, to
our knowledge, a mechanism-based pharmacologic
intervention has demonstrated efficacy in
enhancing respiratory muscle function and
impro~-ing verttilatory mechanics in spinal man.

Spinal cord injury is a devas[atlng clinical
condition that profoundly affects numerous
organ systems and results in a lifelong
impairment of homeos[asis. iv~o Tradi[ionally,
many of the pharmacologic interventions used in
treating the medical and physiologic
consequences of SC1 have been direc[ed toward
diminishing spasticity and pain, or treating sepsis
and the complications of prolonged immobility

(e. g., pressure ulcers). J1 The mechanisms
mediating these pa[hoph;”siologic sequelae of SCI

Volume 17, \umber 3.199-

are often unknown or not directly amenable to
treatmen[. and drug therapy often is directed
only toward modifying the disabling or
debilitating consequences of injury in a relatively
nonspecific fashion. Hence, disabling, high-
profile, easily demonstrated and measured
comorbidities or complications such as impaired
volunta~ motor function (paresis). pain. and
spasticity have been accorded priority status in
the hierarchy of postinjury residuals LO be
Largeted for therapeutic intemention. Ho\vever,
the consequences of a demodulated or failed
au[onomic nemous system subsequent to SCIIS
~&~+may underlie or mediate any or all of these
impairments and comorbidities.

The myriad manifestations of autonomic
failure are often not well recognized or
adequately addressed. \fany are often subclinical

A All SCI
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and frequently devoid of easily demonstrable or
well-recognized physical signs or symptoms,

_-~, overt pathophysiologic changes, or
socioeconomic consequences. They are thus less
visible to clinicians and patients alike. Although
the pathophysiologic sequelae of autonomic
failure are reflected in altered cardiopulmona~
function.z5 hemod:-namic instability (autonomic
dysreflexia) ,~’dysregulation of involuntaq motor
function (e.g.. altered gastrointestinal motility~~).
impaired respiratory function,~ ‘ ~ and cardiac
dvsrhvthmia, zb being “less evident” clinically,
these’ changes in physiology often go
unrecognized or are treated as though of
negligible importance. They are, arguably, of no
less significance, and in most instances are more
likely to contribute to disrupting homeostasis
and increasing morbidity and mortali~ than the
clinically more evident consequences of SCI such
as pain. spastici~. and impaired mobili~.

Measurements of FEV1, FVC, FEJ-l:~C, MIP.
and MEP can be used to identify and distinguish
respiratory muscle paralysis from obstructive
components of pulmonary disease. J Changes in
spirometry and respiratory muscle function
pret-iously have been demonstrated in patients
with SCI as have correlations between spiromet~

.~=or static lung volumes and injury level. ~“~’ The
results of this study confirm these findings and
suppon the conclusion that 4-AP is an effective
drug treatment [hat improves pulmonary
function subsequent to SCI.

We believe that our findings of increases in
spirometry and enhanced respiratory muscle
function in patients with quadriplegic are
atuibutable to the pharmacologic actions of 4-Af?
The results of this study are consistent with our
understanding of the putative mode of action of
+-.+P in facilitating central nervous system
conduction in preserved, demyelinated axons
and in enhancing synaptic transmission. The
increases demonstrated in FEV1 and FVC
following 4-AP administration were significant
both in terms of statistical and ATS criteria. i-
The persistence of :h we changes in spiromet~
for up [o 12 hours a[tcr a smgk 10-mg dose wm
unan[lcipated and has not previously been
demonstrated. .+nd although +-AP has been
shown to reduce spasticitv in skeletal muscle.
direct effec[s on bron~hial smooth muscle or
small almav reac:..-in to challenge has not been
reported “ ‘5

~~. Recent studies oi the pharms:oklne!!c
beha~-lor of :.~~ *n spina I rn3n h~~”t

demonstrated e~lcience of ente:osysteml:

recirculation, delayed systemic excretion, and an
increase in the terminal elimination half-life of 4-
AP consistent with our observation of an
extended pharmacologic effect.]+ These SC I
population-specific changes in -f-AP drug
disposition kinetics could also provide an
explanatmn for the increase in time to onset of
peak drug activity and the proionged effect
observed,

The strongest associations between necrologic
level of injury and measures of pulmonary
function were obsemed in quadriplegic patients
with incomplete inju~ (Figure 3). Furthermore,
the greatest percentage increase or return toward
normal respiratory function was seen in
incomplete quadriplegic patients who had the
highest necrologic level of injury We in~erpret
this obsemation to suggest that the amount of
potentially restorable pulmonary and/or
necrologic function is not necessarily dictated by
the clinically assessed injury level or the degree
of paralysis. In indi~idual quadriplegic patients,
most notably those with complete injury or very
low pretreatment values for spirometry, increases
in response to 4-AP never reached predicted
values. The correlation between injury level and
FEV1 in quadriplegic patients naive to 4-AP was
derived from a simple linear equation that allows
injury level to be predicted from pretreatment
FEVl, or F?El/l to be predicted from injury level.
Using these predictive relationships and easily
obtainable measurements of pulmonary function,
a physiologically based and quantitative estimate
of the level of injury can be derived. For
example, knowing that the magnitude of FEV1 in
untreated patients with SCI varies monotonically
with injury level (r=O. 73) will have applicability
in predicting the level and completeness of injury
in individual patients. Simple mathematical
relationships between injury level and serial
measuremen~ of percentage or absolute changes
in spirometry, MEP, or MIP following therapy
with +-.<P were identified in this study These
relationships can help to identify patients with
SCI who are likely to demonstrate [he greatest
clinical response to 4-AP, the level and
completeness of their injury, and the degree of
response to be anticipated at a given plasma 4-AP
concentrauon.

Our results demonstrate that wth reasonable
certalnV. an accura”e!y charactemed inju~ level
In 3 quaurlplegic pa[lent suffering from an
lncompie:e injurv can be used to predict the
maa~lwcie of che change m pulmonam function
[O be ex~e:ted from a Single lo-mg dose of +-.\P
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(Figure 3). Ultimately, all of this information can
be incorporated into SCI population-specific
models that will have diagnostic or prognostic
value, serve to guide therapies, and have

usefulness in directing our inquiries into injury
level-dependent mechanisms. Currently,
assessing the completeness of injury in patients
with SCI. with particular reference to the
identification of preserved neurons and their
potential for responding to 4-A~ is dependent on
a technique that employs lowering core body
temperature to elicit changes in the patterns and
magnitude of evoked potentials. ~ Response to a
single dose of 4-AP may offer a useful alternative
method of investigation and classification.

Changes in the FEV1:FVC ratio following
treatment were not observed suggesting thata
proportionalincreaseinbothmeasurementshad
occurred(Table2).Thechangesinspirometry
demonstrated after the administration of 4-AP to
patients with quadriplegic were not seen in
paraplegic volunteers. Our inability to
demonstrate significant changes in pulmonary
function in paraplegic patients following the
administration of 4-AP is best attributed to lack
of sensitivity in our battery of tests and
intersubject variability chat we believe is greater
and more confounding in individuals with
paraplegia than in those with cervical cord injury.
While mean values for FEVl, FVC, MIY and ~EP
were numerically lower in quadriplegic patients
than in paraplegic patients, and much lower in
SC1 subgroups than values calculated from
predictive equations derived in able-bodied
populations, no statistically significant or
clinically meaningful differences between SCI
subgroups were demonstrated (Table 2).

Among paraplegic patients, in contrast to
quadriplegic patients, greater heterogeneity in
terms of injury level, physiology, and
completeness of injury prevented more than a
strong trend (p= O.06) toward a significant
difference in pretreatment spirometry from being
demonstrated. Similar [rends have been
described by o[her authors and appear to
distinguish paraplegic patients, even those with
injury level below T12, from the able bodied, 12;
impaired pulmonary function and altered
ventilator mechanics have been observed In low

paraplegia even ,when the in]u~ was well below
the efferen[ outflow to muscles of respiration,
These changes have been attributed to
deafferentauon and loss of propnoceptive input
from anatomically distant structures or organs
below the lnju~ level that generate sensory cues

Volume 17, Number 3, 1997

integral to maintaining respiratory function and
cardiopulmona~ homeostasis. ~”

Statistically significant increases in MIP and
MEP were demonstrated in patients with
quadriplegic following 4-AP administration
(Table 2, Figure 2). Maximal expiatory pressure
and MIP increased in all quadriplegic patients
irrespective of the completeness of the injury, and
a strong positive correlation between percentage
increase in MEP andinjurylevelwasseen(Figure
3)..4nalogoustothechangeswe observedin
spirometry,thelargestincreaseinMEP orMIP
occurredin patients with incomplete injury.
Maximum increases in MEP of 36% and 22%
were demonstrated 10 hours after the adminis-
tration of 4-AP in incomplete and complete
injury, respectively. A similar pattern was
observed in the time course of the change in MIP
during the 24-hour study interval (Figure 2).
Changes in MIP and MEP cot-relate highly tith
changes in the mechanical force exerted by the
muscles of respiration and are used as measures
of respiratory muscle strength. As such, MIP and
MEP are most reflective of the restrictive
pulmonary disease caused by respiratory muscle
paralysis subsequent to SCI.3 Because 65% of the
inspiratory increase in lung volume in the able
bodied and as much as 90% of ridal volume in
quadriplegic patients are dependent on the
strength of contraction of the diaphragm,w it is
reasonable to infer that the magnitude of the
changes in MEP and MIP attributable to 4-AP are
highly important and of potential clinical
significance. Whether 4-AF’ increases respiratory
muscle strength and endurance centrally through
an effect on central nervous system respiratory
centers and/or axonal conduction, or peripherally,
by directly enhancing involuntary smooth muscle
function or neuroneuronal and neuromuscular
transmission, remains to be ascertained.

The clinical implications of the results of this
study are diverse, significant, and consonant with
a therapeutic role for 4-AP in patients with SCI.
The administration of single dose of an
immediate-release formulation to h,’mans wi [h
longstanding, traumatic quadriplegic was
associated with a sustained, clinically meaningfid
treatment effect and a statistically significant
Improvement in respiratory function.

We suggest that the adminlstra[ion of 4-.AP
shouIcf have a saluvry effec[ in [hese patients and
tha[ Its value as a pharmacolo:lc intervention
u-!]] be demonstrated through clinlcall\-
~~gnlf~cz~[ re~l~~[~ons in [he

pulmonam sequelae of SCI.
pathophyslolo,glc
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Orally
Improves23

Administered 4-Aminopyridine
Clinical Signs in Multiple Sclerosis

Floyd A. Davis, XfD, Dusan Scefoski, MD, and Jean Rush, IQ4, MSN

4-Aminopyridine (4-AP), a potassium clsannel blocker. restores conduction in blocked, des-nyelillaced animal ❑eme. Ics
administration co mukiple sclerosis (MS) patients produces tramsiencneurological improvements. Vision improv= tier
either oraI or intravenous administration, whereas motor funcrioa improvement h= been repofled O~Y u~~ he krer.

To msess further irs paential as a practical symptomatic rreacmenq we studied the efficacy of single, 0~ doses of 4-AP
on both visual and motor signs in MS. Twenry temperaruresensitive male IMSpariencs were given either 10 co 25 mg of
4-AP or idencicalIy appearing lactose placebo capsules. Static quancicarive perimetry, critical flicker- ~usion, visti

acuiry, visual evoked pocencials, and videotaped neurological examin.miens were monitored. AIJ of 15 M5 p~ients
given 4-AP mildly co markedly improved. Motor functions (power, coordination, gait) improved in 9 oi 13 involved,
vision in I I of 13, and oculomocor funcciorss in 1 of 2. Improvements developed gradwal.ly u d- ~ ~OW u 10 mg,
usually begiming within 60 minutes after drug administration, and reversed gradually over 4 to 7 ho-. NO serious
adverse eff- occurred. No significant changes were observed in 5 MS vuac given pkebo. we conciude chac
orally administered 4-AP produces clinically important improvements in multiple, c~onic deficiu in MS. Fumher
srudies are warranred co assess efficacy and safety of prolonged administration.

Davis FA, SrefoskiD, RushJ. Orally administered4-Aminopyridine improvm clinicalsigns
in multiple sclerosis. Ann Neuroi 19%:2-: 186-192

Computer simukuion studies indicate dw conduction
block in demyelinated axons is due co a crirical de-

crease in action currenc chat resuks from ics wasteful
shorc<ircuicing through bare axonal internodes [1]. A

scraregy for developing a symptomatic rherapv in mul-
ciple sclerosis (lMS) would be CO attempt co restore

conduction in blocked demyelinared axons by increas-
ing action current [2-51. Drugs that increase. acrion
pcxencial duration either by inhibiting sodium channel
inaccivarion or potassium channel acrivtion, or both,
incresse accion current and would be expecred to re-

store conduction in biocked demyelinated newe [6).

4-Aminopyridine (4-AP), a blocker of K- channel

activation [-1, prolongs nerve acrion potentials and, as
predicted, restores conduction in blo+d demyelin-

ated nerves in animals [8– 11]. Orally administered
4-AP has also been shown to improve vision but nor

motor function in M patients by Jones and msociates

{12], and we subsequendy reps-red char intravenous
4-AP improves motor and oculomoror as weU as visual
dehcics in MS [13]. The purpose of rhis srudv is co
mess further rhe efficacy and safery of oral singje-dose
4-,4P and also to clecennine if prolonged rherqw. GC

rnals are warramed.
As in chepreviousinvescigtionswlrh 4-A?, ce.m-

perlrure-sensirivepauerm {l-i,15]were selectedh-

cmse theyarealsoexpecredto be ve.r.’sermuve co
I

pharmacological conduction modifiers :6, 13]. The

number of LMS paciencs who are temper=ure sensitive

is subscancial. Malhorca and Goren t: 61 obsemed
worsening during induced hyperthermia hoc-bath rest)

in 17 of 20 LMSpatients (857c). Sirnons : I‘1 repofied

chat 62% of pariencs with LMSbecame we-k when rhey
were exposed co hat.

Methods
Protoco/ and Patient kJessment
Twenry cemperarure-sensirive male .MS paoczrs were evaiu-
ated before and after ora.i adminisrrarion ,J( e:=xr 4-AP {2.5-
and 5-mg capsules) or idenricdly zppeanng k-tose placebo.
Their ages ranged from ?5 co 48 yearn (meikz 56.5). 4-AP
was purchased from Regis Chemical CJI=X!- ~Monon
Grove, [L), and 4-AP and placebo were forrxiacec mco cap-
sules by our hospitalpharmo.cy. The 10- to :>-.mg ~ose mngc
was sysrernaricallv explored according to I ciescending-
ascending schedule, wirh individual cotaJdosfi of 25, 20, 15.
12.5, and 10 mg (Table 1). The dose range W= bad in pm

on our previous experiences wl[hmrravenoutimmisrrarso n
of 4-AP [1 31. 4-AP was adrsmlstered O~V u ~ ~ln~e ~c’$e

except m 3 panems. who received mula~ie ~~ses >~er 50 to
90 minures. Pmenrs ~ ere aor cold wiwute: :Ie: :ecewe~
4-AP or placebo: 15 received +-,+P anti 5 xc=:~e: pixebo.
They were informed ot possible +-AP side :&-HX. m! “- -
paresrhesms, wtuch commoniv occur ( ~2. :;:. XC me fre-
quent:; of’occurrence WMnot dismssea. Tne= are:: ho roi~



Table 1. Sunrnsq of Resu[~~of Oro[ $Amino~ridine and Pkzctbo Adtniniilration 10.M5 PA-mnH
.--=

Total Dose Moror Ocuiomocor
P, . Agent (mg) Function Vision Function \TP Side Effects Ner Effecr

1 4-AP

2 4-AP

3 4-AP
4 4-AP

5 q-AP

6 LI-AP
7 Pfacebo

8 4-AP

9 4-AP

10 4-AP

11 Placebo
12 4-AP

13 4-AP

14 4-AP

15 4-AP

16 4-AP

17 4-AP

18 Placebo
19 Placebo
20 Placebo

10

10

10

o

1+

o

0

2+

o

0

0

0

1+
2-i

~+

o

3+

3+

o

2+

o

3+
3+

1-

3+
0

0

0

‘1’
y

x

x

Y

Y

s
~- Y

0 s

s

0 s

P,D

D

D

P.D

D
P,D

N

D
N

D

N
N

N
P,D
P,D

N
~

N
N’

N

Y

Y

Y

Y

Y

Y

N

Y

Y
Y

N

Y

Y

Y

Y

Y

Y

N

N

N

AP = amirsopyridine; VEP = visual evoked potenna.l; O = no impmvernenc 1- = mild anprowment: 2 + = moderareUWovemenr 5‘ =
marked improvement P = paresrhesias Ioansiem. mild); D = dizzinessardor bglrrheadedn= -lent, mild);Y = improvemermX = no
c~~ Blank spaces urdicare char msnng was no{ performed because of lack ot’suf6aent remng nme or rhasfuncrionwas normal or not~.

‘%re sensirive.

char placebo, aichough inactive, might b-e z.ssociared with
similar side effeccs. Only one of the invesrigarors (D.S. ),
whose role w= largely supervisory during rhe resting, was
aware of the narure of r-heagenr administered and rhe dose
schedule. The orher invesrigarors (F.A.D., who graded rhe
vid~mped neurol@cal examinations ~], and J.K) were
blinded except during an initial pilot sa-ies of rhe fu-st 4
pariencs, who were all given 4-AP (Table 1, Patients 1-4).

While overall neuoiogicai status was examined, resting
focused on remperarure-sensirive, functionally relevanr defi-
UCS.Each parient’s serially recorded videotapes were graded
during a single session to facilitate comparisons and were
mred on a scale of 0 to 6 (Table 2), reflecting the range be-
tween normal function @-ade O)and severe deficit (grade 6).
Motor improvements of 2 grades were considered sigru6canr
and were rared aS I + Three grades and grearer irnprove-
menrs were rated as 2 + and 3 + , respectively.

Critical flicker-fuwon frequencv (CFF) was resrec! mon-
ocularly wi-’I a Grass model HPS-2-B phoro-sumuiaror
(Quincy, &fA) [ 1j]. Visual acuity (VA) wzs assessed rnonoc-
I&iy by determining rhe minimum re~lvab[e separation of
two vefic~ OSCNOSCOpe traces { 13]. The results from s~
ttiids were avemged for CFF and for VA. Visual uzsprove-
menrs, m measured bv CFF and I’A. were assessed u 1-
when rhe Posrdose mere-a.wwas i j to jO~c of he preaose
v.a.~ _ for a ; 1 [o qf~( mcrexe. and 3- ior m mue=_.

g. rim-l -i>~c.

\’is~ fiela e~m~ons ~ere c&Ted OUT on ~ Goicmmn

Perimeter 940-ST Haag-Screl: .+G, Bern, Sw;rzerianti M-
h smndard rechmques [or sraric qwmn~nvt pe.nmeL~ VJ-

@ evoked pcenna!s t\’EPs I were recorded with a N-lcoie!

m

Tabft 2. Vii&ta~ Ratin@

Grade Funcaon

o Normal

1 Between normal funcuon and mild deEcit, dys-
fimxion is revealed only on very rhorougb rest-
ing; ic is ofren kxing and nor noricealde to tie
parienr

2 Mild dei5aq detectable on routine resting of a
spedc Function; i! oniv mmimallv alters r-hepa-
nenr’s performance in caqing our a given rask

3 Mild co moderare deficit, readily demonsuable on
[es@. I( mddly bur nonceabl~ahersaspecific
huxnon

4 Modemredeiicicrhespeci6cfuncuon can only be
pardy creamed by the paciem

5 Moderare m severe deficic rhe pauent carI only
rrurumd!v pa-r-orm the given task at a func-
aonallr uerii level

b >vere dejac: tie specitic newologjcal funcuon k

nmrlr or completely abolished and seines co
sticmt Functional use

., . . ....) 1_ - . . .. —.-.. - Irc 70-
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normal P-100 latency values for our laboraco~ are 111.54
msec for full-held and 114.92 msec for cenrral-field sumula-
rion. each represenmg a mean plus 2 srandard deviarrons.
P-100 Iarencies were measured wirh a manuaily adjusrabie
electronic cursor, and wave amplitudes were mamred
@-co-peak berween N-1 and P-l CO.Vital signs. including
body remperarure, ekcrrcnrdiogrun, electroencephaic-
gxam, complete blood count, and serum biochemistries
[SMA- 18), were monitored inrermirrenrlv in all parienrs.

Patii+rrtSetktion
Pwienrs were sekcwd from the Rush .Mulripie Sderows
Center ~Rush-Presbvcerian-St. Luke’s Medicai Center! us-
ing rhe following crkeriz a definite diagnosis of ,MS: male,

nor older rhan 47 years; no histo~ of cardiac, pulmonary,
heparic, renal, or orl-ter syscernic disease; and a positive ius-
coq for rhe presence of neurological signs char reversibly
worsen wirh hyperrhermia Only men were srudied in com-
pliance wirh Food and Drug Adrninismauon rescricrions. This
srudy was approved by our insarurion’s Hu.wm [nvesugarron
Corrunirree and all parienrs signed informed consent forms.

Results

lMild co marked improvements occurred in all of the

15 MS parienrs given 4-AP. Motor functions improved

in 9 of 13 involved, vision in 11 of 15, and oculornoror

function in 1 of 2. Improvements developed gradually
with doses as low as 10 mg 4-AP, usually beginning

within 60 minutes after drug adminisrracion, and re-
versed gradually over 4 co 7 hours. No signiticam

changes or side effecu occurred in rhe 5 pacienrs who

received placebo (see Table 1).

Motor functions improved most srrikin~y with re-

spect co power and coordination. All limb musc!e
groups appeared susceptible. These improvements
were apparent w-id-sboth simple function resrs and the

performance of complex motor cmks such as gait and

repeacive movements.

Figure 1 shows improvement in the abiliry to raise

r-he arms against graviry after receiving 20 mg 4-AP in

a 38-yem-old IMS pacienr (see Table 1, Parienr 1) wirh

a moderare-r~severe quadriparesis caused by spinal

cord invoivemenr. The peak effect Imred 1.j hours

and tie parient temporuilv regained the ability to feed

himself Reversal mxurred about 6 hours afrer drug

administration.
In ~yrnrnecricaUv affecred Lrnbs, irnprovemenrs

wlrh 4-AP were ofren grearer in the limb char was less

severely involved Isee Fig 1), Also, asvmmerncd un-

provemenrs were some’urnes observed m smuiarly

affected limbs. Improvements often resulted in sgru6-
cam funcnord gains. Pments usuailv noticed the kn-
provemems as che~~ were occurring but somczuzes

honly 3s r ey were wea.nng oK. LESScornmordv, pacencs

were eher rIOrsue of doc~enrei umprove.me~. u >r

noted some ‘but nor orhers.
Visti xnprove~enrs oc~.rreti m I 1 oi 13 ?a~tccs

wi-to recewe~ +-.+? md m ncne oi me piacebo CCCCX1

*. “t
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A

.:

~.

B’

4

9

t.
e.. 5+!!!



s~iects. Patients whose visual rests unproved after 4-
AP Jrniniscration were also generally aware of an im-

menr in vision. Figure 2 iluscraces improvement~=-

OL .,-eye CFF from 23 Hz co 40 Hz 1.5 hours after
10 mg 4-AP in a ~2-vear+ld MS patient wirh optic

neuropachy (see Table 1, Patient 10). >-ormal subjects

fuse ac about 40 Hz in our laborato~. Gradual reversal

ro baseline xcu.rred by ‘.5 hours tier drug a&nitis-

mmon. Transient rruki lightheadedness was repcmed.
Full-held (FF) anti cencrai-field (CF ~VEP tests were

recorded in 11 patients (? 4-AP and + placebo) before
and after che dose. We compared tracings predose

t time O) and poscdo~ ar about 2 hours, when cIinical

clunges were usually apparent (Table 3).

All patients had abnormal predose FE and CF VEPS.
l%e lamer were often more severely affected, and in 3

paciencs some Iazencies could nor be determined be-
cause of waveform discorcions (see Table 3). In 1 pa-

tient (Patient 10) dara storage difrk-ulcy precluded

post-4-AP ampiirude measurements. but bilateral in-
creases were apparent on direct observation for all 4

respcmses.

Larencies improved in che 4-AP-uearedgroup. The

mean powdose P-100 latency change for FFandCF
VEPS combined was a 5.40-msec decrease in the 4-AP

I
I

4-AP mm

IOU dose +
I I I i I I I I

1 2 34 5 6 ?

l-m.Cnlud

Fig 2. Imprvmmcnr in m“ticaIjickcr#u~ ion frvqutvtq after ad-
mtnistra[ion oj 4-AP in an MS patiinr u‘xthhj optic nmrt

tntohment.

_-
Full Field Central Field

P-100 Latency Amplirude P-100 La2ency Amplitude
(Msec) (#v) (msec) (pv)

Panenc Agenr Time (hr) IA R@? Left Righr IA Righf Left Right

10

11

12

13

14

15

It

1-

18

IS

&-

—

4-M

Placebo

4-AP

-LAP

4-AP

ti-AP

4-AP

~-AP

Placebo

PLxe”5c

P!aceix

0“ 126.5
2.sb 126.0

(Y 153.5
2.4b 154.5

(Y 142.5
2.% 141.5

w 137.0
2.Ib 136.0
o’ 12?.0
Lob 124.0

v 150.5
lob 13-.0

r i49.5
2,55 !50.0

0’ 14j. O
7 ;@-.. :3 -.5
o* 14?.5
2.0’ :42.5

& ::2. j
!,$C :;4.5
(y .!,,. $. . . . .
; ,,? : ;(>.5

126.0
126.0

172.5
l:?. >

1-4.5
17-.5

159.0
1>-0
12-.0
122.0

166.5
159.5

150.0
150.0

155.0
1490

1;95
1+1.0

1-O.O
1-05
173:,-.

i:’ il

1.72
NA

1.88
1.45

1.54
1.64

1.52
1.54

3.33
4.31

1.46
1.;0

2 -(!
~,q~

2.51
4.j6

2.08
;51
< 1$1

j.il

2 +s
:. !76

Dav15 et

1.1-
NA

1.46
1.14

3.11
~,~6

3.16
2.78

3.62
3.83

L19
1.16

1.6>
1.15
1.8-
192
2.65
7--. 9
i.30
1 j8
. --
. .(,-. ;.

133.4
122.5

153.5
156.0

168.5
168.5

14;.5
CND
126.5
119.0

156.0
149.5
155.0
155.5

153.5
143.0

145.0
145.0

CND
cXD
1:; .0
ii-O

151.4
145.0

cm
cm

182.0
cm

cm
cm

126.0
123.0

1-1.5
159.5

146.0
148.0
1-3.0
161.5

14-.5
!49.0

CXD
CXD
i210
~:;<

1.65
NA

1.04

1.06

2.51
1.56

1.68
CND
2.41
1.-9

0.96
0.4;
2.jO
2.68
1.03
2.48
1.24
1.86

C1-D
C>-D
?,.1.,.
i.jo

1.z(5
NA

CND
CND

0.90
CND

CND
CND
1.72

2.69

0.83
1.12

2.3?
2,28

0.73
2.11
,--

1.-9
C!ND
CND

L30
1.00
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group and a 1. 12-msec increase in the placebo group

(p = 0.019; 2 independent samples, t rest). The post–

4-AP CF P-100 Iarencies were decreased by a mean of

6.80 msec, whereas wirh placebo they were increased
by a mean of 1.75 msec (p = 0.012). The FF P-1OO
lacencies were decreased by a ma of 2.92 msec in the

4-AP group and increased by a mean of 0.69 msec jn

the placebo group (p = 0.055 L
P-100 arnplirude changes were much more variable

from pacienc to paciem rhan were che kuencies and
were noc stiticdy si@fic~t. L~e~ incr~e for

comb@d FF md CF arnplirude was O.-i3 ILV in the ~-
AP group and 0.34 I.LV in r.he placebo group (p ‘

0.883). The mean FF P-IO(3 amplirude change was a

O.10-IAV incrase in rhe 4-AP group and a decrease of

0.09 PV in che placebo group i p = 0.604). The ma
CF P-1OO amplirude change was an incrase in borh
the 4-AP and placebo group, by 0.48 PV and 0.18 IAV,
respectively (p = 0.54 1).

Employing rhe criteria of Hammond and Wilder
[18] and Persson and Sachs [19}, wherein ~cency
changes of 5 msec or more and ampl.irude changes of

30% or more are considered co be significance, 4 of the
7 pariencs who received 4-AP had improvements. The

P-100 lmencies in these pariencs (see Table 3, Paaenrs
10, 14, 15, 1-) showed adecrm.se in 12 of 16 (75%)

eye tesrs and an incraecl amplitude in 6 of 12 (50%)
eye tests. These 4 parienrs also had sirnulraneous 3 +
improvements of CFF and V.% resting (see Table 1).
The remainin g 3 pacienr.sgiven 4-AP showed either
insignificant improvements, no change, or worsening
of P-100 larencies and arnplirudes. In comparison,

none of the 4 placebo control subjecrs showed any

significance P-1 00 latency improvements, while ampii-

rude improvement occurred in 3 of 8 (38VC) eye cesrs

in 2 control subjects (see Table 5, Parienrs 18 and 20).
Four Of : parienrs given -LAP showed irnprove-

mencs in waveform configuration, such as clwer defi-

nition of N- 1 and P-1OO peaks, as depicred in Figure 3.

This figure illustrates reversible improvements in VEP

latency and waveform after a single dose of 20 mg 4-
AP in a 4 l-y~ald MS patient (see Table 1, Parient

17) wirh bilareral optic neuroparhy. No side effecrs

occurred. Values for P-L00 Lxencies and simulra-

neouslv recorded CFF and VA for this patient are
given in Tfiie 4.

Clinical and elecrrophysiolo~cd improve.menrs with
4-AP occurre~ predomimmdy in remperarure-sensi-

uve systems. In a iew pacienrs unprovemenrs occurred
in svscems for vhch there UU no rusrory to su+ggest

remperarure sensiriviry: Parienrs 5 and 6 (vision] and
P2rieqr iO ,vision, \TPl; see Tfile 1.

Ten oi i 5 ~enrs who received +.+P ecperlenced
crzmlent rnk presthesm or tiizzmess- @the2de<-
rwss. or ‘reinseeTble 1j,?uescheshswere m.urilv

,. .!.
coruineG:0 -me m-rmsOur usc ,>cc.weol>roiin-gu.ail:.”

LEFT
Ploo

RIGnl

Ploo

v
Fig 3. Rewrrib& :mpnwmtentin visua[ ~oked potential IVEP~

hmy and wavtfbrnt ajhr a singh doJt #.?O mg -l-aminopy -

riiine (AP) in a 4 I -year& MS patient uilh bihtmd OPIZC

nave involvement. Vwtical markcn indic~te cheP- IGO uarc

.?atrnciufw VEP-2 tracings. Lztenv irnprorcmt’ntsoccurin .zU

VEP-2 tracings.Wavefwm intprvw-menrs IVEP-2) arr parr:cu-
karly~trikinginAt centrai& (CF) tr~ing.r. uhere the pw--

4-AP VEPS (1J am hardy di~cerntbh IVEP-1 I. Then is also u
marked rwernbh norndimtion of the .<-1 uate IJma[i, ne~r:t e

abwnward &ction pmreding the major positive P- 100 u.D-

ward u’atw intbe&itfuiI-@d (FF) VEP-2 mrording. Vaiza
fw fatcnciaand jimuhanmudy rtcwa2d cnticzlflicker- fus:on

andvisual~uity improvements are gin-n in T~bh 4. 12 = Ip-
prox:matet’y2.33 hours after 4-AP .adm:nistrarion: -? = J,D-

pnximatdy 4.33 boun aficr 4-AP. I

and in the scalp. Mild dizziness (not vertigo) or light-

headedness, or borh, occurred at rimes wirh head-~bod~
movemenrs. None of rhese svmproms were disrurbtng

or interfered wirh the experimental prrxedure, mci nc

parienrs requested co discontinue rhe srudv because or

side effecrs. No significant side effects occurred m [he

5 parienrs given placebo.

Discussion
The resuks demonsrrare d-tar orally administered ~- AF
acutely improves both motor and visual abnorrn.alicies

in MS pacienrs. Some of the improvements were large
enough to be of therapeutic benehr and occurred u
wei.1-rolerared doses. The posslbie use of oral 4-.\P L

a clinical rrearrnent in MS requres futher jr~~v R

assess long-term eficdq, safery. and pauenr se!ecoor.
criteria

While rhe ciinical unprovemencs wlrh -+-AP Ue be

lieved co be due ro 3 resrormon O( conducncn Ir
bkxked, demvelinated nerve ri’bex. ~r IS pxslbie +IJ-
rhe Ibtiry oi functioningde.~.retiriared~.ons:c :2G

~’xtre?euuverramsoiimpulses.~.~reixrbd~-il~.s.us

unprcvecil%e CH uncrove.-denra-:m4-.iA3.2.;L:



.’

Tabh 4. lmpmwment~ Produced ~ a .Singie Dose of .?0 mg 4-,4 m:nofi n;int :n a 41-1 ‘taALi .MS Patzen:a
=$

FF \TP P- 100 CF \_EP P-100 VA Visual
Latency (msec ) btency imsec I CFF (Hz I Angle (’)0

Tesr Time (hr) Let-f Right Leir IQhc L& IUghc Left Right

1 0 (pre–4-AP) 145.0 15>.0 155.> 1-3.0 18.3 1>.0 4.3 3.j
~ 2.33 (posr-4-AP) 13-.5 l-i9.o i+j.O 161.5 28.8 20, j 2.9 2.4

3 4.33 (pos[-4-AP) 13-.5 15.8.5 L51.O 1-2.0 :-.1 I&j 3.3 2.8
4 5.50 (posr-4-AP) NT hT NT XT 2;.5 16.s 3.2 2.9

‘Same paciem and experiment as m Figure 5.
bValues we m minutes of arc.

FF = (uU iield; VEP = visual evoked porenriai. CF = cemmlfield:CFF = cnacdficker-fumon:\“.4= VIsu.daeum;AP = amhopyridine: NT
= nor rested.

patients may reflect rhis. The repericive conduction de-
fect in demyelinated nerve [20-22] is rhe result of a

decrease in membrane excirabiliry caused by hyper-

polarizaaon produced by elecrrogenic Na - pumping

[23], which 4-AP fiv counreracr by increasing accion
current. Exacrly where 4-AP exerrs its effect on demy -
eiinated axon has been widely rheorized [ 13, 24, 25].
Based on K- channel Iocalizarion [8, 26], ir would be

expected to be acting at or near demvelinated inter-

nodes.

It has been obsened rhac reperirive impulse acciviry
5=- -ym in demvelinared axons exposed co 4-AP,which

d account for 4-AP-induced paresrhesias in hu-

mans [27, 28]. Ten of our 15 MS patients urho re-
ceived 4-AP experienced cransienr rniJd paresrhesias

or transient mild dizziness-lightheadedness, or Imrh.

Though rhese parients may have become unblinded, 3

had reversible improvements in VEP testing afrer 4-
AP rhat cannoc be explained by a placebo effect. This
finding, the improvement in 4 of rhe parienrs given

4-AP who did not experience side effeccs, and rhe

absence of irnprovemencs in rhe placebo group all
strongly favor a rrue pharmacological effect. Finallv, it

is noreworrhy char rhe videoraped neurological exami-

nations, which were rated biindly, successftdly differ-
enriared rhe 4-AP and placebo groups.

The VEP improvements with 4-AP obserwed in rhis
study are compatible with an improvement of conduc-
tion in demyelinated optic nerve fibers, VEP changes

caused by pucacive alcerarions in optic nerve conduc-
tion have been demons~red previously in .MS pa-
tients. Improvement occurs wlrh hvpervenrilacion [29]

ad verapamil [~0], while worsening occurs wirh in-
cr~d My Cemperarure [31} and exercise (Lhhoff
s~mprom) {19]. (h findings w[ch -LAP are s~d.M [o

tie hndings wlch hypervenriltion reporred by Ilawes

-.~, ‘.’sociares [29], whe also observed P-100 latencv
!cuon wvthour consisrenr arnphruie changes. The

mown ~elrer vulabilim Of \TP arnpbruae compared
(0 &n~ possl~]y e.xphns :fis phenomenon [ IS. 3:,
. . .. . .JJj

Dav15

Hammond and Yiannikas [34] reporred markedly

disrorred and absent CF VEP responses in 34% of MS

pacienrs studied, which is consistent with preferenrid

involvement of macular hbers in MS. This compares co

similar findings in 27% of @enrs in our study. lm-
provemems in CF waveforms seen with 4-AP are

likely ro reflect improvement in conduction in these
macular fibers.
We have nor observed serious or bothersome side

effecrs ar cocalintravenous doses of 4-AP below 30 ro

55 mg [13] or single oral doses up co 25 mg reported
here. In conrram. Jones and associates [12] srared rhar

side effecrs (dyseschesias and dizziness) precluded its

ciinical use. While no seizures occurred among our
pacienrs or in rhe srudy by Jones and colleagues [12],

seizures have been reporred in parients who received
4-AP for rreacment of myashenia gravis [35], boru-

lism [36], and MS {37]. Mechanisms for rhe convul-

=C action of 4-AP have been discussed previously
~15]. Also, 3-arninopyridine is known ro have convul-

W-ICacrion when applied direcrly on the cerebral cor-
rex of cars {38]. Since MS parienrs have an increased

incidence of seizures, rhey might & expecred ro be ar

higher risk for seizures on exposure ro 4-AP rlxm are
normal subjeccs. AIrhough ic is imporranr ro recognize

tie porenrial for d-iis side effm, OU resu.ks suggesr a

safe and effective therapeutic window for orally ad-

ministered 4-AP for visual and motor deficits in se-
lected MS patients.

Pacrenr sekcrion crrrerra could be imporrimr wirh

respec~ [0 +AP erncacy. Some pacier’~ rnlghr improve

@obaUy and orhers oniy in a spedrc neurological func-
tion, depending on rhe number and clinical expression

of biocked demyel.inared nerve hbers capable of being
resrored co conduction by pharmacological means.
Temperature-sensiuve MS panenrs Ue particularly t_a-
vora.bie canddlres (or efi”ecrive rmarmenr wirh -LAP

kcue rhe’) hive large numbers of nerve tibers char
Ue e:iner ‘kmrtierline<onci umng or are tusr bareiv

Diocke~ {6:. F’~rmennore. dluwg acure exacerbanons
m -MS. rempe.rarr~e senslbvlry is heighrenec! ~S9~.

s: .J -1-. bmorwndine-re!are-d lmrxovemenrs in -MS 191
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The effects of 4-aminopyridine ‘
in multiple sclerosis patients:

Results of a randomized, placebo-controlled, double-blind,
concentration-controlled, crossover trial

C.T.Bever, Jr., MD; D.Young,PharmD,PhD;P-AAnderson,PhD;A Knnnholz,MD;K Conway,RN;
J.Leslie,PhD;N.Eddington,PhD;KI.Plaisance,PharmD;H.S.Panitch,MD;S.Dbib-Jalbut,MD;

M.J.Fossler,PbarmD;J.Devane,PbD;andKP.JohniOrLMD

Article abatract—Because4-eminopyridine(AP)improvesresidualdeficitsinsomemultiplesclerosis(MS)patients
buthasanarrowtoxic-to-therapeuticmargin,weComPd thesafetyandeficacyoftwo-t peakserumconcentra-
tion mnges (low 30 to 59 nghd and high: -60 to 100 U-g/ml).We endledeightMS patienk&th-temperature-sensitive
visual and motar deficits in a randomized, placelwcontroUe& double-blind czmaaovertrial of short-term oral AP treat-

~~ment. We randomized patients to a sequence of three treatment on three separate days: placebo, low serum concen-
tSlitiOSl) and high serum concentmtion. We determined dosing to achieve the desired steady-state peak serum concen -
tristion ranges fkom a test dose and population pharmacokinetic parameters using bayesian estimation. Contrast sensi-
tivity, standard necrologic examination, ratigs of videotaped necrologic examinations, and quantitative strengthas-
eeaarnentallimprovedwithtreatmen%butflickerfusionfrequency,visualevokedresponseIatencies,and Expanded
-ility StatusScalescoresdidnot.Allpatientsexperiencedsideeffectsduringthehigh-senun-concentrationarm.
Agrandmelaeizure ocmrred ata serum AP levelof104 ng/znl,and an acuteconfusionalepisodeoccurredat 114
_ AP treatmentproducedimprovemen~ in residual deficits in MS patienti, but the occurrence of significant tOx-
icity suggests that AP serum levels should be monitored and peak levels above 100 nghnl should be avoided. Concen-

. tration-control methodology maybe useful in testing putative treatment for other neu.rcdngic diseases.

NEUROLOGY 1994;44:1054-1059
.
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Pathologic evidence of preserved axons in demy- MS is in part physiologic.Electrophysiologicstud-
eli.natedmultiplesclerosis(MS)lesions,laswellas ks ofdemyelinatedaxonsshowedthatabnormal
reversibilityofsomeMS deficitswithtemperature
depressionanddecreasesinserumionizedcal-

potassiurncurrentsdecreasedactionpotentmldu-
rationandamplitudeandcontributedtoconduC-

tium,aeuggegtthatthenecrologicdysfunctionin tionfailure(reviewedinreference4).Schaufand~,...--.,.,



‘Davis5 first sugges@d that pharmacologic modifica-
$m~ of sodium and potassium currents might be..

1 to improve conduction in demyelinated fibers,
atid subsequent studies’ showedthatpotassium
channelblockerssuchaskuninopyrkline(AP)im-
provednerveimpulseconductioninexperimentally
demyelinatedaxonsinvitro.Jonesetalsreported
thefirststudyofAP inMS patien~andshowed
thatAP treatmentcausedimprovementintemper-
ature-sensitivevisualdefici~infivepatientiinan
open-labeltrial.Stefoskietal~thenshowedthat
short-termintravenousAP treatmentproducedim-
provementsinresiduaideficitsina largernumber
oftempera~ure-sensitiveMS patientiina placebo-
controlledtrial.Davisetalademonstratedthat
short-termoralAP treatmentwas alsoeffective,
andStefoskietalgshowedthattreatmentduration
ofup to5 dayscouldbeusedwithoutsignificant
sideeffects.A randomized,placebo-controlled,dou-
ble-blind, crossover trial in 68 patientsl” showed
drug-relatedimprovementinnecrologicfunction
withoutsignificanttQxiciw.However,twopatients
fromthatstudywhocontinuedopen-labelAP had
seizures,andonedevelopeda treatment-related
hepatitis(C.Polman,personalcommunication).
Pharmacologicstudiesllshowedclinicalimprove-
mentsinpatientswithpeaklevelsinthe50nghnl
rangeorhigher,withsomepatientstolerating
=X levekOver1,~~~. However,significant

wpahentvanabdltywasnoted(F.Davis,per-
...mlcommunication).Thisvariabilityinpharma-
cokineticscoupledwiththepotentialtoxicityofAP
couldlimititswidespreaduseinpatientswithMS.
DrugssuchasAP,withlargeinterpatientvari-

abilityinpharnwokineticsandnarrowtotic-tM.her-
apeuticranges,presenta di.fEcultdilemmaintrial
design.Toavoidserioussideeff~ inthepatienta
havingthehighestserumdruglevels,dosesmustbe
keptaslowaspossible,but this means that patients
with the loweat drug levels may have levels inade-
quate to produce any therapeutic effect. An approach
ti this problem used in earlier trials of A.F’*”l”is the
escalating dose format. However, tbia may unblirtd
patienk and investigators if the drug has cka&r-
iatic side effecls, as is the case with A.P. A new ap-
proach is concentrationumtrolled methodology, in
which individual patienta are administered the drug
to achieve a predetermined target serum concentra-
tion range.” We d this methodology fxI test the ef-
ficacy and toxicity of two target serum concentration
-sof AP(30ti 59@ and60ta 100ng/rnl) il
e@t MS patients with temperature-sensitive visual
and motor deficits.

Methods. Patient selection. Eight patienta with clinically
.~.laboratory-supd detinib MS” who had objective-—

“Icitsoftis’-alacuity and lJWer extremity motor
. .rengthand tonewere enrolledin the study.These
deficitiwere,by history,bothreiatedb thepatient’sMS
and worsenedby tempemture elevation but were stable
for at leaat 30 days prior to randomization Patients were
exciuded ifthey~ahiatoryaf~ or unqlained

. :., ~..,“.,,;.- - f

syncope, epileptiform activity on EEG. acute relapse
within 3 months of randomization, corncosta-oid treat-
ment within 30 days of randomization. or complicat.i~g
medical illness. PatienE were required w abstain from
corticosteroid and cytotoxic drugs during the study, and
doses and schedules of other drugs were held constant
during the trial. The study Frotocol was approved by the
local institutional review board, and informed consent
was obtained &om all patients.

Measurement of serum M levels. Serum sampleswere
analyzedby a validated procedure based on a previously
described method utilizing solid-phase extraction, bigh-
performance liquid chromatographic separation, and ul-
traviolet detection. 14

Treatment. Identical-appearing capsules were pre-
pared (Elan Pharmaceutical Research Corp, Gainesville,
GA) containing lactose or 2.5 or 5.0 mg of4-AP (Regis
Chemical Co, Morton Grove, IL) in lactose. Each patient
received a 10-mg test dose of A.P, and semm N levels
were serially monitored for 18 hours. The pharmacoki-
netic pzuameters for each patient were estimated using
nonlinear regression techniques.’5 Patients were rart-
domized 1 to 3 weeks later ta a sequence of double-blind
treatments: placebo, high concentration (60 to 100
nghnl), or low concentration (30 ta 59 @ml). The phar-
macokinetic parameters obtained ii-am the test dose were
used, by an unblinded pharmacokineticist (D. Y., N. E.,
KI.P.), to determine the initial dose for each treatment
period for each patient. Timed serum AP concentrations
were obtained after dosing during the blinded portions of
the trial, and the pharmacokinetic parameters for each
subject were reestimated using bayesian estimation tech-
niques. 16The bayaaian a priori estimates for the cakula-
tion were obtained from a previous study (D. Young, per-
sonal communication). The pharmacokineticist was able
tn akr the dosage strengthand interdoseintemmlsas
necessarytoachievethe desiredpeak concentrationat
thetimeofevaluation(at30 hoursof-ttnent). Blind-
ingwas maintainedby having the patienttakeactive
drug and placebocapsulesat each dosing,by not an-
nouncingthe dosingscheduleto the caregiversin ad-
vancesothattheywould notbe aware when changesin
schedulewere made, by making pseudoadjuatmentsin
thescheduleduringtheplaceboarm,and by havingthe
unblinded pharmac.akineticist and caregivers communi-
cate by facsimile using forma prepared for the study.

Efiacy eva.luaticm. Prospectively defined tempera-
ture-sensitive de fiats of visual fimction and of lower ex-
tremity motmr function were quantitated during each
smt of the trial.Evaluations were carried out at the
same timeofday duringeacharm ofthestudy,and body
temperaturewas monitired.

The assessment of visual function included determi-
nations of contrast sensitivity, flicker fusion frequency,
and visual evoked response (VER) P1OO latencies. Con-
trast sensitivity17 was measured witha Pelli-Robson
chin% with a different &am for each eye. Eyes with nor-
mal baseline valuea (>1.35) were not considered in the
analysis. Psychological flicker fusion &5quency was mea-
sured using a Grass stimulator and strobe light and ex-
pressed as themean of quadruplicate determinations. i
Eyes with normal baselines (>35 dashes per second)
were not mnsidered in the analysis. VER latmcies were
measured for each eye in triplicate on a Nicolet
Pathtinder II with a 30-minute check size, a repetition
~T,S of 1.5 per second. and 100 repetitions per detirmina-
tiom Tmcinga were read by a blinded -der and results
expressed as the mean for each * ax each time point.
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Tabie 1. Patient characteristics, AP dosage, and steady-state peak serum levels

Study arm
I MS

duration m

Age Sex (y-r) EDSS type

EDSS ScoreontheExpanded Disability Status Sale x
CP Chronic progresswe.
RP Relapeing progreamve,

● Dosing waa tmninated after 24 hours because of the occurrence of a semsre.

Eyes with baseline latencies in the normal range (c113
maec) were not considered in the analysis.

Lower extremity motor function was evaluated by
physical examination and quantitative testing. The
ataength of the hamstrings and of the iliopsoas, quadri-
ceps, gastrocnemius, and anterior tibialis muscles were
evaluated by a blinded examin er and rated on the O-tO-5
Medical Research Council scale.’8 The “strength score”
was the sum of the individual leg muscle ratings. A Kin-
com testing apparatus was used to further quantitate
quadriceps and hamstring strength in isometric contrac-
tion.lg Results were the mean of triplicate determina-
tions of maximum force with a 60-second rest between

exterminations. At each time point, ambulation, as well
aa the examination of the lower extremities by the

,”. ..Minded examiner, were videotaped. Taped segments
were later reviewed by two blinded raters (H.S.P. and

●~”., .*.-J.) who scoredrelative muscle strength, reflexes,
aid ambulation. The sum of the scores is given as the

.“”-, *tape score.”
“~@l”be 13xp.nded Disability Status Scalem (EDSS) score

~ ~ -;.~~ ambulation indexzl (AI) were determined ffom the

~~... ~ ~ de~~e whether siti=t treatment-related
%#zS3rUprovement.s were seen.

I&aJuUW Patientchwo.ctwistics.Eight MS patients
- (table 1) were treated in a concentration-controlled

trial of short-term oral AP given in a randomized,
‘-“Pbbo-controlled, double-blind format. The sub-

Mted of four men and four women with
.,_:- ~ .-g from 35 to 62 years, disease durations

‘z, ,.-g from 2 to 30 years, and EDSS scores at
.ra.nging frpm 3 to 8. Six patients had a

. ~“ ~mive muse, and kvo had a relapsing

centratiorz control. The
xe$ateady-state peak semxn concentra-

ted during treatment are an.mrna-
of 46.1 nghnl for the

...

Low Cossm

Dosage

5 mg q12b
7.5 mg q12h
7.5 mg q8b
5 mg q6h
5 mgq6h
5mgq12h
7.5mg ql%
10 mg q6h

Mean : SE

This ischelevel

mtration
c=

(ss@ssl)

56

35

64

40

37
39
47
51

46*4

at 24 hoursand

—

Highconcentration
c- 1

Dosage

10 mg q6h

12.5 mg q6h
12.5 mg q4h
7.5 mg q4h
7.5 mg q4h
7.5 mg q4b
10 mg q4b
7.5 mg q6h

.

(S@sd)

69
104”
114
75
6.S
57
$7
93

63=6

low-senlm-concent.ration arm and 83.3 nghnl for
the high-serum-concentration arm fell within the
intended concentration ranges. The observed C.=
was within thedesired range in seven of eight pa-
tients for the low-concentration arm and five of
eight patients for the high-concentration arm. A
retrospective analysis of intrapatient vanability
suggests that food interfered with absorption and
was responsible for much of the observed aberrant
concentrations (data not given).

Toxicity. A.P treatment was associated with
serum concentration-related side effects. Overall,
seven adverse events were recorded during the pla-
cebo arm, nine during the low-concentration arm,
and 36 during the high-concentration arm. Dizzi-
ness was the most common t,osic effect, occuming
once in the placebo arm, three times in the low-con-
centration arm, and 11 times in the high-concentra-
tion arm. Paresthesia were not reported during the
placebo arm, but occurred four times in the low-con-
centration arm and nine times in the high+xwen-
tration arm. Nausea was repoti once during the
placebo arm, once during the low-concentration
arm, and five times during the high+xmcentration
arm. Nemousness or anxiety was reported only dur-
ing the high-concentration arm. Two serious ad-
verse events wxurred, both during the high-concen-
tration arm. An episode of encephalopathy Oa!urred
in patient 3 when serum AP peaked at 114 nghl. A
grand mal tonic<lonic seizure ocmrred in patient 2
when serum AP peaked at 104 nghnl. Not only were
side effeck mom common in the high-serum-concent-
ration arm, but side effects correlated with the
time of peak sew levels in most patientx (data not
given). A.P treatment was not associated with anY
change in vital signs including body temperature
(data not given’1.

~fiq. The results of quantitative tests of vi-
sual and motor function are summarized in table 2-
SiX patients had baseline abnomnalities in contrast



Table 2. Summarv of efficacy test results

[

Treatment arm
.. ~@xcy end point Placebo Low H@

.dal Leanng
Mean amwaat 1.25*0.06’1.36* 0.06:1.40* O.w

senaitsviw
Mean flicker fu.noz B3 * 1.6 32.6 :2.1 2s.4 = 0.8

frequency lcps

Mean P1OOlar..enc 142*8 141*9 140Y.8
[Maec,

Quantitafavemotor-~
Hamstringstrength 102*18 106*19 107220

(dynedmz~
Quadriceps .stren@ 14S :32 156*2S 153 * 30

(dynedmz)
Neumlogic examinanon
strengthSCOre! 74:5 7525 76 t 51

V)deouipe smre4 120 * 23 126 i 211 127 t 279”

“Lagthresholdcnncmetlevel.
tMeanistandarderror.
$StatiatiUtllys~cantly unproved compared with the placebo

- @ = 0.05<R-ilcomn 9igned rank WC),
! To~ Ieg-atme scorewasthe sum of individual amras on the

MRC wale” for stzertgtb of tbe hammings end of the ihopeoas,
quadriceps, and anrdor tibiaha muscled.

1 Statistically 9@ficantly impmved compared with the placebo
arm w = 0.016. ~rxmn signed rank teat).

# V1deoqed exammation emrawast besum ofsmmagwen bya
blinded reviewer C4kg atmmgth and spaatia~ and of ambulation
ability.

●“ Stati8ticaUy s@fim.otly impmved mmpamd with the placebo
- @ = 0.02. ~imaon signed mnk wet).

.~=le 3. Ftesul* of contrast sensitivity *i.Ug_-

Contraat sesssititity
Pt (log threshold contraat level)
no. Eye Placebo Low E.@

1 OD 1.05
m 1.20

2 0s 1.50
3 0s 1.20
5 OD 1.05

0s 1.05
6 OD 1.35

0s 1.35
8 0s 1.35

1.20
1.20
1.35

1.35

1.35

1.35

1.65

1.s5

1.50

1.35
1.35

ND

1.20

1.35

1.35

1.50

1.50

1.35

Mesn * SE 1.25 * 0.06 1.3S* 0.06” 1.4010.04’

● Improvement cntnparwd with pkebc ~@ = 0.05, Wilmxon signed
rank Watl.

sensitivity in at least one eye (table 3). Of nine eyes
tested, ~ve improved during both the low- and
high-concentration arms, three improved during
only one active treatment arm, and oniy one eye
worsened on rreatment. .4 statistically significant
improvement was seen in mean contrast sensitivity

~ bofi low ~d high serum concentration (table
Mean flk fusion frequencies and mean P1OO

..~nciea showed slight improvement on treatment,
but the diffm~ were not statisticallysignificant

(ciatanot given).

Table 4. Leg-strength scores on necrologic
examination and videotaped examination score

—... —

Viiped
Pt Tetd le@mr@I -“ -ixutioll Smre*
no. Placebo Low Eli@ I%eebO b. mgb

1 es 6s90 139 159 1G2

2 82 .90ND 137 143 n

3 62 59 6s 147 152 1:0

4 78 76 82 167 150 177
a 89 69 .?9 156 152 14s
6 55 62 59 13 36 25
7 52 .5656 21 25 25
8 ‘$3 66 87 175 169 w

Meanisis 73X5 75?.4 76,3$ KO*23 1==21: 127r 275

“ Total Ieg-suength sam was the sum d individual - m tbe KSC scale”
fw m’ength of tie bamsurng’s sod ef the iho~, qoadrmps, and antenor
tinalis mwcka

‘ v,deOLsped●— tiomsmmwastbc$umofsmreawsu bymblmdedm-
vwww Of i= sUen@b & 9PS9tIOCY and of ambulation Sbfiw.

: Sigm6canLly uxreased eompersd with placetm Q = 0.016.Wdcoron SIPA
rank teatl.

$Sumifuandy IncrSmMdcompusd with placebe (p .0,02. WikOxnnw71ed
rulk teal.

Improvements were seen in lower extremity. .
strength on necrologic examination and in ratings
of videotapes of the lower extremity examination
(table 4). Total leg-strength score improved during
both treatment arms in three patients, and during
only the high-concentration arm in three patients.
The score decreased duringthelow-concentration
arm in three patients. The mean tntal leg-strength
score improved significantly during the higkon-
centration arm compared with the placebo arm
(table 4). Scores of blindd ratings of videotaped ex-
aminations of the lower extremities improved dur-
ing both treatment arms in five of seven patients.
Scores worsened in both treatment arms in one pa-
tient. Mean scores significantly improved compared
with the placebo arm during both the low- and
high-serum-oncentration arms (table 4). Quantita-
tive testing of quadriceps and hamstrings showed
small, statistically insignificant increases in mean
strength (table 2). No changes were seen in AI or
EDSS scores (data not given).

Diacuaaion. We found rates of treatment-related
improvement-s in visual and lower extremity motor
function that were similar to those reported in pre-
vious short-term trials of AP. Jones et aiG treated
five patients with labile visual symptoms in an
open-label trial and noted improvement in vision
testing in all. Stefoski et al’ studied intravenously
administered AP in a bIinded placebo-controlled
trial in 12 temperature-sensitive MS patients and
reported significant improvement of specific necro-
logic deficits in 10 patients. In a trial of short-term
oral AP treatment, Daviset ala treated 20 tempera-
turr+sensitive MS patients in a placebo-controlled
format and reported mild to moderate improve-
ment of either visual or motor symptoms in all of
the 15 patients who received AP and none of the
five patients who receivti placebo. Recently, the
same group reported a double-blin& placebo-con-
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trolled trial of oral AP with treatment durations of
up h 5 days.g Thirteen of 17 MS patients improved
on AP and only three of nine patients improved on
placebo. These studies suggest that AP may induce
improvements in specific necrologic deficiti in MS
patients, but the studies were limited by questions
about blinding, failure to randomize treatment,
and failure to either use prospectively defied nec-
rologic deficits or adjust signi6cance levels m com-
pensate for multiple comparisons.

A recently reported randomized, double-blind,
placebo-controlled, crossover trial of APl” addressed
some of the design weaknesses in earlier studies
and suggested that not only can AP treatment im-
prove specific residual deficits, but it can also im-
prove overall function. In 68 patients recei~ing es-
calating oral doses of AP over 3 months, the mean
EDSS score improved by 0.28 with treatment. Ten
patients improved by one point or more inthe
EDSS scoreonAP treatmentandonlythreewors-
ened,whereasnopatientimprovedbythatmuch
on placeboand11worsened.Whereasimprove-
mentsonquantitativetestsforvisionandoculomo-
tirilnctioncorrelatedwithserumA-Plevelsinin-
dividualpatients,IIoverallnecrologicimprovement
didnot.l”Althoughtheescalatingdoseformat
couldhaveunblindedpatientsandexaminers,
theseresultsarethemostconvincingtodatethat
AP treatmentcanleadtofunctionallysignificant
improvementinresidualdeficitsinMS patients.
Testinginthepresenttrialutilizedmeasures

thatyieldedquantitativeresults(flicker fusion fke-
quency, contrast sensitivity, VERS, and quantitat-
ive determinations of quadriceps and hamstring
strength) to allow the detection of a serum concen-
tration-response relationship. Although the re-
sponse rates showed a slight but statistically in-
significant serum concentration relationship, the
magnitude of response was not serum concentra-
tion-related for any of the measure s employed. We
may have used too few patients and serum cmmen-
trationa to detect differences The serum concentra-
tion-response curve for AP may plateau at high
concentrations, and we may have chosen two
serum concentration ranges that were on the
plateau. ‘T’helower serum concentration range of 30
to 59 nghnl may therefore be adequate for inducing
improvement of some necrologic deficits.

The fkequency of paresthesia and dizziness in
the high-serum-concentration arm is similar w that
in other trials. Stefoski et al~ reported paresrhesias
in 12 of 12 patients treated with intravenous AP
and five of 15 patients on oral AP, and van Diemen
et all” reported paresthesia in 15 of 68 patients on
oral AP. Jones et als found dose-limiting dizziness
and disorientation in five chronic MS patien~. Ste-
foski et aI reported dizziness and gait imbalance in
he of 12 patients receiving intravenous A.F and in
13 of 17 patienti on oral AF.S Van Diemen et all” re
-diZZi.nr=s in380f68Ratients.

us -r
Ms

.. ‘..

‘eports of seizures or
patients on AP. Intra-

..-: .$--- .;” ,. ..”-r
.< ..-r.

venous AP induces seizures in mice,n and seizures
occurred in patients receitig AP treatment for bo-
tuhsm,m myasthenia gravis,24 and Lambert-Eaton
syndrome.m No seizures occurred during 3 months
of A.P treatment in 68 patienb,io bat seizures oc-
curred in two patients from that study who continu-
ed open-label treatment (C. Polman, personal
communication). There are no previous reports of
serum levels at the time of AP-induced seizures,
but serum levels greater than 100 nghnl have been
reported in patients without seizures (reference 11;
F. Davis, personal communication). Because the
high-serum-concentration arm produced much
greater toxicity than the low without any obvious
therapeutic advantage, it seems likely that clini-
cally useful serum concentrations would be in the
30 b 59 nglrrd range.

The present study was Iimiti by a small sample
size and short treatment duration. The sample size
was based on the crossover design, the use of con-
centration control, and the reported rates of im-
provement in previous trials. Eight patienti ran-
domized to three arms are equivalent to 24 patients
in a three-arm parallel design triai.~ Interpatient
variabili~ is minimid because in a crossover trial
each patient serves as his or her own control. MVari-
ability ia further reduced by serum concentration
control. The observed response rate was similar ta
the 80% improvement rate seen by others. ‘-g The
short trkatment duration employed in this trial was
basal on previous reports of responses with similar
or shorter treatment durations.’~ We calculated the
minimum time necessary b achieve a pharmacoki-
netic steady state in all patients. Otherstudies
foundthatsideeffectsaregreatestwhendrugtreat-
mentisstartedandthendecreasewithdurationof
treatmenkkosoourpatientsmay haveexperienced
maximal side effects for the serum concentration
used. The latter limitation may have contributed ta
the lack of improvement in overall function (EDSS
and AI scores).

This trial demonstrates that a new methodology,
concentration control, can be usefully applied b the
assessment of some drug treatment effecr-s in MS.
The use of concentration controI methodology in
clinical trials was first proposed by Sanathanan
and PeclLu based on the development of techniques
to predict an individual’s pharrnacdcinetic response
from population pharmacokinetic characteristics. 16
This allows dosage adjustments ta be made in pa-
tients in real time in response to serum concentra-
tion measurements. This methodology, successfully
applied to the study of the antineoplastic agent
Surarnin, rn appears to be applicable to necrologic
diseases as well.
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trolled, Double-Blind,

Croswver Study
Harriet A. hf. van Diemen, MD,” Chris H. Poirrsan, MD, PhD,” Theo M. M. M. van Dongen, PhD,$

Arie C. van benen, PharmD,$Jos J. P. Nau@ PhD,q MarcirsJ. B. Taphoom, MD,*
Harm K van Waibeek, MD,”” and Johan C. Koersier, MD, PhD”

To find out whether trearment with 4-aminopyridine is beneficial in multiple sclerosis (MS), 70 pacienrs with definite
MS encerd into a randomized, double-blind, placebo-conrrolkd, c~ver rrial in which rhey were created wirh
4-arninopyridine and placebo for 12 weeks each (maximum dose, 0.5 mg/kg of body weight). The escirnamd effect of
thetreaunenr as measured with tie Kurtzke expanded biliry status scale, which was the main evaluation parameter,
was 0.28 point (p = 0.001). A significant d-ease in the scale score (1.0 point or more) was etscounrerecl in 10 parients
( 16.4%) during oral rreaursent with 4-aminopyridine whereas ir was not seen during placebo treatment (p < 0.05). A
signifscam subjective improvement (defined as an irnprovemenc that significantly affecoxl dse axiviries of normal daily
life) was indicared by 18 patierm (29.5%) during 4-aminopyridine creaunem and by 1 parienc (1.6%) dwiug plambo
creacmenc (p c 0.05). Significant improvements relared m 4aminopyridine occurred in a number of neurophysioiogical
parasneters. No serious side effects were encountered. However, subjective side effects such as parcsthesias, d&iness,
and Iighc-headedms.s were frequently reporred during 4aminopyridine uearmenc. Anal@s of subgroups revealed

cbas there was no difference in efficacy between those pariencs randomized co receive 4aminopyridine and then
placebo and rhose mndomiA to receive placebo and then 4aminopyridine or bemveen patients with and cboae without
subjective side effecrs. Especially parients wids temperarur-nsitive symptoms and patients CkSM- by having

.=- longer duration of rhe chase and being in a progressive phase of & disease were likely COshow clear clinical
nefit.

van Diemen HAM, Polman CH, van Dongeh TMMM, van benen AC, NauraJJP, Taphoom MJB,
van Walbeek ~ Koersier JC. The effect of 4-aminopyndine on clinical signs in multiple scierosss:

a randomized, piacebo-conrrolied, double-blind, cross+ver study. Ann New-cd 1992; 32: 123-130

In a small number of srudies, the potassium channel
biocker 4-aminopyridine (4-AP) demonsrraoxi an abii-

ity co induce a transient improvement in clinical signs

and symcoms in paciencs with mulripie sclerosis (MS)

[1-4}. These favombie effects probabiy are due to the

rescorarion of nerve conduction in demyeiinared neme
fibers by proiongarion of the repoiarizmion phase of

rhe action pocenriai [5-?].

AMough remarkable irnprovemencs were reporred,

especially concermng moror and visual funcrions, defi-

rure conclusions cannot be drawn from rhese srudies

su-sce the drug w= ~ven for a very short period to
small groups of tugi-dy seiecred pmencs. Most of the
smdies either were nor randomized or nor controiied,
or used uncot-m-non ourcome cnterm

In this srudy, we present the resuirs of che first ran-

domized, doubie-biind, piace~onrroiled, cross-over

study with iong-cerrn oral tiscmrion of 4-AP in

pariencs with MS. The effem of 4-AP on che clinical

signs in MS was inves@ared in 70 pariencs with ciini-

caiiy definite or iabos-arory-supporred definite MS ac-

cording to the criteria of Poser and associates [8].

Paciencs and Mechocis
Sekrnonof Patients
The mcluslon criteria were defirure MS (8], a Kurrrke ex-
panded disability wants scaie (EDSS) score ar enr.ry of 2.0 co
7.5 ~mts [9], and an age berween 18 and ‘O years.

Exc!uslon cnrena were a recent relapse; concomitance dis-
eases coniusmg or rrumuckmg the plcrure O( .MS,and a med)-

.~~m :he Deparcrnencs >r “xeIurdogv. ‘ChJcaI Seuropnvsioloq. ike:vec %> ?:,

=Phamacv, Free
1991. ma ,n reweu iorrr.l.m 5 ma ?9, 19Q2.

‘.’mvc.mrv HcspIm. the Depammenrs 01 .\c:eprK ~or pubhcmon J.UI jO, 1992

, ..4eciKai Phvs}cs arm ‘won oi Me&cI&. Free Lruvermv. and me

“Deparuoenr 0[ Ne,Ur2iOR, Orze LJcve Vrouwe GaSrnUIS. .kmsrer-
.+Jaress corres~n.jence ro DT Pounan. Dep-arunen: J( .Seuroio~
Free L’rwersIv HospIrai. P O Box ‘05-, 100- MB Amsrerciasn,

-. rhe .Nerherianas [he \erherian&

c-- !=?--, . . . . . .-.



CAhisroryOfeplIepUChcso:c,udnc,hepaoc. or renal disease
Pregnam women or women of chddbeanng age no! using an
effecuve method of b~~h conrrol were also excluded x were
pauenrs who used any or.iw: medlcacion harmg a mrnularing

effecr on neurorransrrune~ release. Before env mro he

srudy, elecrrocudiography r ECG I and blwii exarainaaons

(hematology, liver and rem! function I were petiormed. Pa-
uerm with abnormaliues were nor el@ble ior the srudy.

Informed consent Wa obmmed from al! paoenrs before
being accepred into the srudy. The procaoi was approved
by rhe Erhical Comrrucrec O( [he Free University HospIraI.
Amsrerdam.

Twmerzt
4-AP capsules f5 mg and 10 mg~ and placebo capsules (Avi-
cel) were prepared by rhe hospmd pharmaceutical deparr-
menr. All paaems were rrea.red with beds 4-.+P and placebo
for 12 weeks. each according co a randomized, bouble-bhd,
crossaver srudy design. There was no wash our benveen rhe
firsr and che second rreaunenr period. Pacsenrs were exami-
ned ar che ourparient clinic (Free University Hospiral, Am-
sterdam) ar rhe sw of the creacmenr (week 0) and ar weeks
2, 6, 12 (crossover), 14, 18, and 24. The scarring dose for
Ed rrearmem persods was IO CO15 @day m cwo co three
divided doses, which was elevared wirh 5 co 15 m~day ar
weeks 2 and 6, respectively, and weeks 14 and 18 up co a

rnasirnurn dose of 0.5 mglg of body we@r. The doses of
4-AP and piaceixs were decerrnsned on rhe basis of occurring
effecrs or side effects. Compliance of the pmienrs was con-
rroiied by counting capsules and mezwring 4-AP serum
levels.

A.rseumnt
CIinicid assessments were made by means of che EDSS and
rhe functional sysrems (FS) [9]. In order co prevent imerrarer
variability, all @encs were examined by rhe same blinded
physician (H. A. M. r. D.) dunrsg rhe course of rhe study.
The EDS.S and FS scores were obrained u weeks O, 2,6, 12,
14, 18, and 24.

Visual acuiry (VAJ and corm-am senslaviry (C.S)measure-
ments were used to evaiure che opcsc funcnon. VA was
measured using che Sneilen charr. CS was measured using
rhe conrrast sensirivicy test charr IVCTS 6500 Wismch Con-
sulranrs, Inc, Dayton, OH]I, as described in detail elsewhere
[ 10, 11]. VA and CS were measured before che srarr of
creacrnem and ar rhe end oi che first and second rreaanenr
periods.

All side effecrs or concormrm: diseases char were encoun-
tered bv che panent were regu.rered. Rel ‘.pses were docu-
mented.

To evaluare rhe sublecove response of :he panenrs, a
~.~lnr nomln~ sc~e nzngmg from - - [0 – – WM USA

The panenr was asked to IniIca.rc O m case o: no change. -
or – in case 0::3 shght uxprovemenr or jerenormon. Inc
—– or – – in c=e of 2 slp~ficlnr Improve v.ent or dereno-
muon. respec:j~ef} Si~icznr r.provernenr ~r Je:er!or3uor.
was .jennec M w. mprove~en: Jr deteno.%on Lnac$lg?.lr.-
cm[l~ ti-ec[e:

.,
:ne 3C::WIU5Sa: 5CI-TWmiv Are. >uolecz~e

responses were rc~srexx L- L7C ferx 0( ue i=; am Lne

second rrearmen: ~noc . . . . . .A ‘“- me nrst rm-3=-~enr ~noc. :.ne

response of che parsent was based on a sub)ecuve difference
berween week O and week 12. Afrer the seconti crearrnent
period. rhe response O( che parienr was bzsed on che sub\ec-
ave difference between week 12 and week 24.

As neurophysiologicai parameters, visual evoked pocen-
crals (J’EPs I and eye movement registrations IE.MRs ) were
determined and eiecrroencephaiographv (EEGs pe.+ormed.
A derailed description of rhe used regsrrarson rechmques for

VEPS and E.JfRs in our Iabomory was gwen by van Dongen

and coauchors [ 12], These regscraoons were performed be-
fore rhe scan of rhe rreacrnenr and ar che end of rhe nrsr
and second rreacmenr periods. Evaluation parameters were

laren~ and ampiirude of che P1OO peak for rhe VEP and
saccadic latency, peak veiocicies of eye movements, and
smooth pursuk gain of the critical frequency for rhe E~MR
The EEGs were recorded on a 16<hannel Siemens Elema
machine (Siemens Elema AB. SoIrna. Sweden I using rhe in-

cernasiond 10-20 system of elecuode placement with refer-
enaal, source, and bipolar montages (bandwuh. – 3 dB.
0.26-30,00 Hz). Hypemenriiacion and phocic scimuiauon
were done rourinely during recordsng of at least 20 minutes
The EEGs were recorded before dye srarr of rAe rreacmenr
arsd afrer 2 weeks of each creacrnenr period. The EEGs were
scored by conventional visual inspection by an experwnced

neurophvsiologisc who was aware of the study promcol bur

unaware of rhe clinical hisro~ of rhe parienr and rhe medica-
tion used.

Blood studies (hemoglobin, wture biooci cell count, piare-
iers, ur~ creacinine, roral protein, aikaline phosphaease

[AFl, serum giucamic-ox.aloacetic [SGOTl, and giumrruc-
pvruvic rramaminases [SGFTJ, garnrna-garnma-giurarnvl-
cmnsferase, Na”, and K-) were perfocrned before enrry mto
rhe srudy and u weeks 2, 12, i4, and 24.

Ejf/icaq Parameters
At rhe scare of rhe rrial, we daded char che p- anaivsis
would iavoive a comp~n of rhe EDSS scores. Borh rhe

numbers of parienrs showing a significant EDSS change ( 1.0

pomr or more [ 13– 15]) and rhe mean changes in EDSS
scores as rhe end of borh creaunenr periods were ro be evaiu-
ared. Secondary evaiuacion pramerers were rhe sub]ecuve
responses as indicated by che paoenc, che FS, che number of

~b~st he resuks of rhe measurernencs of opnc funcrron.
and che resulrs of VEPS and EMRs.

Respmders co 4-AP were defined as pauenrs wIrh eirher
a decreme of che EDSS of L.O pcim or more or a slgticmr

pmave sublecnve response durrng rhe rrearmenr persod with
4-AP

Prefm[e and Prrdic;ton
At rhe end of the Srudy, panenrs were asicec ro lndicme
during wiuch period of rremnent rhey felt berrer Ipret_er-
ence! and dur]ng which period thev rhowg.hr +-.4P was xl-

rrurusrered Ipredtcnon 1.



intravenous merhylpredrumlone (Solu-,Medrol. 5 x 5u3 mg’
-.

vas installed were wlthdt-awn from the study ar the moment
~f rhe iniciaoon of rhe sreroid adrmmsrmrion, since rhe ~ara
co be obtained afrer this momenr were believed co be lu-g.y
influenced by the steroid rreatmerm

Side effects ardor roxsciry wereevaiuacedm zIJpanencs
who enteredchewudv [fpatientswithdrewfromthesr~dy
during rhe first period (i.e.. before rhe cross+wer} and there-
fore did nor enrer rhe second period. only the side e;ecrs
during she first rrearmem period could be considered. I: pa-

tients withdrew during rhe second period, the side effer~ of
both periods were evaluated.

The analyses of efficacy were performed only in chose pa-
tients who complered at leas 2 weeks of a rreatmenc permd.
This means rhar if panenrs withdrew from che srudy du-mg
the first 2 weeks of the first period, efficacy was nor evaiu-
ared. If patients withdrew from rhe study dursng rhe first
period afrer at least 2 weeks of rrearmem, efficacy w= ana-
lyzed for dris period based on she data obtained during she
last visir for which rhe Patlenr was still receiwng rrearmem.
If patients wtrhdrew from the study during rhe first 2 weeks
of rhe second period, only rhe efficacy results of rhe S-St

period were analyzed. If patients withdrew from the sr~dy
during the second period after at least 2 weeks of rreatznenr,
efficacy was analyzed for both periods. Analyses for she sec-
ond period were based on the data obtained during she last
visit for which [he pattenr stiU was receiving rrearmem.

.-’utasticd&a[yst~

ecause of the cross-over design, in order COinterpret cor-
reczly r-heresulrs of the second rrearment period, ir was mec-

essary co invesugate whether or not the responses obsemed
during rhis period were influenced by the medication grven
its the first period. Thus, we investigated whether there was
any residual effect of 4-AP that persisred from r-he hrst CO

J- the second period. To rest hypotheses of zero residual effeai
of 4-AP, for each response variable sepamrely, she SUMSof
she response for the firsr and second rrearrnent periods were
compared berween rhe two rreacment+der groups by means
of the two-sample t resr or Wiicoxon’s rank-sum resr (m c.me
of nonnorm.aliry). Following she recomrnendatron of Gnzzfe
[16], rhe hyporhesti of zero residual effect was resred ar a
significance leveI of 10%. In the absence of a residual eti-ecr
of 4-AP, to invesogate she effecr of 4-AP, the following

method was used: Taking each variable separately, for each
subject rhe response observed at rhe fu-scrrearrnenr permd
was subtracted from rhar obsemed at the second period. l%e
samplmg distribunon for she 4-A P/placebo rreacmenr-orae:
group reflected the sysremanc dewanon of 4-AP over pia-
cebo. wt. .reas the samplmg disrr, bunon for rhe orher
rrearmenr~rder group reflected this same dewaoon wIrh tie

opposite sgn. The hyporhesls ot_ no effecr ot’ 4-AP un?ues
rhar rhe sampling chsrribuuons O( the mvo rrearnentoraer

groups are rhe same. Hvpocneses oi no efi-ect were [esmd
two-s]ded ar ~ sug-ufrcance le~~l of >C-C,u.wng either wo-

<~-mple J rests or Wiicoxon s rank-sum rests if For a ~~en

tile, [he;. U3S e..,lciefrc: :-or I resiuti e!fec: oi +-.\.P :.76

arraIvsIs wu res[ncre,~ ro rne ciam oi rhe irs[ cremmen: >t -

nod. In wnlch case :ne res~nses in me pketi a..c --.l. ?

rremrnenc groups were comp~ec by elrner mvo-sxnpie .’ :~s:s

or Wiicoxon’s rank-sum rests

The nerhod of analysls of side effecrs was sunilar to the
merhti oudined above. excep[ that res~nses are binary
{presen: or nor present) rather rhan semaquanatative or quan-
u[auvc A discussion of rhe analysis of binary data m che
conrer of cross-over rrrals wu given by Flelss(1“].

The :ependency of being a responder on paziencs’ charac-
rerisclcs uw rested using chi-square tests or Mantei’s rest
for a tend in a propcnmon. To study rhe iniluence of such
characrerrsrics. simultaneomly logistic regression was used.

Results
Patien; Popukrtion

Sevenn patients, 43 women and 27 men, entered rhe
trial. Tlneir age ranged from 23 CO68 years (mean, 41.6
yeu-s; median, 41.0 years). The duration of disease

ranged from 2 months co 25 years (mean, 86 monf-hs;
median. 72 months). The mean EDSSscorewas5.0
(median, 5.5). A chronic progressive form of MS w=
present in 52 paciencs (74.3%). Eighteen @encs

(25. -= 1had a relapsing-remitting form of the disease.

Based on ariamnesac information, 67% of rhe patients
were re.mperature sensitive and 23Tc were not (10%

not c!ea.r).

Medication

The mean daily dose of 4-AP administered at she end

of che crearmem period was 31.2 mg (range, 10-50
mg, &\ided in two-four doses). The 4-AP dose per

kilogram of body weigh rartgedfrom 0.17 co 0.55 mg.

Withdrawal

One p-aierrt who was randomized wirhdrew from she

srudv before raking anv medication.

During che first r_reurnenc period, which was entered

by 69 pcienrs, rhere were 6 withdrawals. Two Pacienu

wirhdrew during che iirst week of the 4-AP creacment

( 1 due to subjective side effects, 1 due co a stomaciris),
I pacsenc withdrew after 4 weeks of 4-AP adminiscra-

rion because of obsriprion, and 3 patients (2 during

placebo and 1 during 4-AH were withdrawn from d-se

stud y bwrveen week 6 and week 12 because of a dere-

rioraaon of rheir clinical neurological srams for which

intravenous merhylprednisolone was given. Subjective

side efiecrs and roxici~ during the th-st cr.eaonenr pe-
riod were evaluated for all 69 pauencs who entered It

(3+ recewing 4-AP, 35 recewirrg placebo). The evalua-

uon oi er%cacy dara was performed for the !5~ pacienrs
132 receiving 4-AP, 35 receiving placebo) who com-

plerec u least 2 weeks of rrearrnent.

.kFrer tie cross-over during the second rreaunenr

penoc. wnlch was enrered bv 63 pauents, rhere were
!; v.v.~~~u& Ofie pauen[ wlchdrew Ultiun tlhe nrsc

week :{ -me 4-.AP mewment because of sub~ecuve slae
..

err?:::. -“ ~auents wltharew ‘berween weeks ; S MC ?;
due :c ;U21e~Uve side efr-ecTJ i 1 pauenr on 4-AP anc

, >ar:enr on piacek u-armenr, and 5 parienrs we=

I
!
1

..

,

IJi



wlrhdrawn from the srudy berween weeks 14 and 18

(all placebo) because of a deterioration df the clinical

neurological scams for which chev were reared wirh

intravenous mechvlprechisolone. Ail 63 patienrs were
evaluated for side effecr.s during the second mcmenr

period (33 receiving 4-AP, 30 receiving placebo). Effi-

cacy parameters were analyzed for those 62 patients

(32 receiving 4-AP, 30 receiving placebo) who finished
ar least 2 weeks of rrearmenr during this period.

In summary, a coral of 6 patients withdrew because
of side effects (5 on 4-AP, 1 on placebo) and 6 patiems

were wirhdrawn because of intravenous steroid uear-

menc (5 on placebo, 1 on 4-AP). A total of 57 pariems

compleced rhe study protocol.

AsesunenfofEficsq

There was a statistically significant escimared effect of

4-AP on the mean EDSS score after 2,6, and 12 weeks

of creacrnent, as is shown in Table 1. As shown in Table
2, rhe significant effect on the mean EDSS score holds

for rhe patient group rhat was first treated with 4-AP

as well as for the patient group dxu was first creased

wids placebo. In Table 3, the changes in EDSS scores

per treatment period are indicated for all patients;there

Tabh 1. LtimatedEffurs of Orad} Admtnixtemd

4-Aminopyridint (4-API on (be Expandid Dirabilit~ Natni
3A (EDSS)

Response Esrimared Effect 95% Conhdence -
Varsable of 4-AP Inremai p Value

EDSS (afrer -0.15 ( -0.29, -0.00) 0.043
2 wk)

EDSS (afrer –0.24
6 wk)

(–0.38, -0.10) 0.001

EDSS (afrer – 0.28 (–0.41, -0.16) 0.00QI
12 wk)

Table 2 The Mean Expan&d Dtsabi[try StaluJ SCaL(EDSSI

Scornand the Mean Ckunge In EDSS (AEDSSI after
Trear?w?rP

Weeks

Tab& 3. Ch~rrge~in the ,Gpan&d Di~abt[it? S~atus Scab’

4-AP Trearrnem Period

k Unchanged H Dropour Total

Placebo rreamsenrperiod

U 00 00 0
Unchanged 6 43 22 53

tl 6 01 11
Dropou[ :2 3 6
Toral 10 51 ;6 70

‘For all pacren=. rhe chaqv during borb rreamrenr periods can be
derived from & able. Bold numbers indicare rhe numbers of pa-
riencs WIrh a ssgdcanr change.

U = a decrease in EDSS of I ~inr os more; R = an increase m
EDSS of 1 pousr or more; Unchanged = a change in EDSS of less
rhars 1 poirm +AP = 4-arrsinopyridine.

Tab& 4. Su&rrtw R@onsu’

4-AP Tr~enr Period

-+ +/@- -– Missing Total
——

Placeborreacnemperiod

++ o 0 0 1
+/(Y - 11 3: 1 49
.— 7 6 : 2 15
Missing o 1 1 3 5
Total 18 44 2 6 70

‘For all panenrs, the change during bosh cressmenr periods can be
derrved from rhe able. Bold numks indicxe rhe numbers of pa-
oenrs wirh a ssgnificanr change.
+ + . S~UIM ~p~vcmen~ +/w - . rsosignificantchanges;
--= StiUSII irnpairrnenc4-AP= 4-arninopyri&ne.

was a sigm.i6cant difference in favor of 4-AP treatment

(p C 0.05). This cabie illusrxxes has there was a sig-
ni6cant improvementon theEDSS in10 paciencsdur-

ing the 4-AP period wheras this did not occur during

the placek period. A significant increase of the EDSS

score was registered in 3 paaencs during rhe 4-AP pe-

riod and in 11 pariencs during placebo creurrsenc.

In Table 4, r-he rocal number of subjective improve-
menr.#dererioracions during the 4-AP and placebo

rreaonem periods as reporred by the pmients is shown.

A sigrti.6cant improvement was repot-red by 18 patients

during 4-AP creacrnem and by 1 pariem during placeba

rreacrnent, whereas a significant deterio~ arion was re-

porred by 2 patients during 4-AP trearrnem and by 15

pauenrs during placebo creatrnenr (p < 0.05).

ConcernL~g the FS, a significant improvement was
found for tie pyr-armdal functions (p < 0.01) after che

period w[ii 4-AP rrearr-nen[. No sgniiicanr changes
were regsrevtd for the cere’bellm, brainsrem. sensop.
biadaer am bowel, and cerebral funcuons.

There were no scmsucaliv stgnilicm[ chmges In
-me oprsc Incuon. as measured wmh rhe V.\ and CS
Tabie 5.

,., -,- . . . ., -.. .-, . .
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Tab& 5 Eslinwed EflecfI of Ora[i’y.Admtniscmd 4-Antxnopj rzd:nt 14-AP, on OPCICFun:rion and .Wump~sto/oglca[ ttj:~
—. ..—

Escimared Effecr 95G Consiienct
Response Vmiable of 4-AP InrewaJ p Value

Visualacuiry’
OD — — 0.058
0s — — 0.399

Conrszw sensiviry
OD 026 (-0.56, l. O-J 0.531
0s -0.07

Visualevoked potennal
Iaency (msec) OD -3.86
Amplirude (wV)OD 0.58
brency (msec) OS -316

Arnplirude (wV) OS -0.28

Eve movemenr registration
Smooch pursuit eye movement

Gainb 0.14
Saccadic eye movement

-0.95, 0.s11 0.8-1

–6.9-, -0.-5) o.o1-
-0.08, 1.25) 0.088
-7.13, -039) 0.030
-1.0-,0.51) 0.486

(0.06. 0.2 5) 0.001

Latency (msec) OD -1.95 (–7.76, 3.8-) 0.506
vmax (d/s) OD abd 21.65 (- 1.50, 44.80) 0.068
Vmax (d/s) 0s &l 28.99 (-6.80, 64.--) 0113
Vmax (d/S) OD addb 7-.50 (137.1, 141 29) 0.019
Vmax (d/S) OS addb 131.38 (57.15, 205@’ 0.001

‘M on Wkoxon’s rank-sum cesr because of nonnorrnald-
b&ed on rhe respon.u of rhe fusr rrearmenr period becauw of a residual effecr of 4-aminopyndine (p < 0.05 I.

OD = right eye; OS = Iek eye, Vmax = peak velociry; add = adducn~. abd = abducting; d/s = degrees secoad.

Relapsesoccurredin1 pariem dtuing 4-APueac-
meatandin4patientsduringplacebocreaunent.
Theresuirsofcheneurophysiologicalassessrnenrare

summwized in Table 5. A scaascically significant effecr
of 4-APwasfound for rhe VEP larencies of both eyes,

while rhere wz no significant change in VEP ampli-

rude. The EMR showed a srarisacally signdkam effecr
for che smoorh pursuit gain and the addution @

velocities of both eyes.

Ss2s2Eflk-ts and Toxicisy
Sideeffecrs(T’able6) were experienced during both
crparmem periods by 10 patients and during one of
both by 44 paaencs (6 during placelm and 38 during
4-AP rreaonenc, p < 0.0001). In general, these subjec-

tive side effects were rep-red to be mild, alrhough 14

parienrs (all on 4-AP rreazrnem) needed a dose reduc-
rion and 4 patienrs (3 on 4-AP, 1 on placebo) wirhdrew

from rhe srudv because of subjecnve side effecrs. Most

pa-rients repot-red rhese side effecrs to occur 50 co 45

Uunuces afrer mk.ing che medication, while rhey gener-
ally resolved wirhin 2 to 5 hours.

A number o~ mc)denr.d illnesses were obsenec!.

During the 4-AP rrearm~nr phase, rhe diagnoses were

cysutis (2 pmenrs I, stomauris [ 1 pauenrl. translen[ ~-

clna ! I pa~eflc), ~~~e of 3 me~~d bone ~1 pa-

nent), ~d ~~e dlsromlon ( ~ panenc!, Dunn? tie pia-

C:% crea~en[, [he &~Oses were CVSCSQS ! 1 pauenr ,

~gma of rhe rhroar i 1 panenr), deep venous chrom5c-

Tab& 6. Subjkriw SsA Effuts (Connationsuvthin
PatientsDfdoccur)

No. of Ko. of
Subjective Parienrs during Ptiems during
Side Effecrs 4-AP Period Placebo Period

Total no. ofparienrs 48 16
w-idsside effec~

Paresrhesias and 15 10
dysesrhesias
(periOt71.i, hands
and feet)

Duziness 36 4

(lighr-headedness)

Gait Lrlsrabdiry 11 1

Nausea (and 9 —

vomsang)

Resdessness and 4 —

uwuery

Abdorrunal pun 5 —

Obsnpauon 1 —

Headache — i

4-AP = 4-ammopvndme

vm Dtemen e: ai <-.tm)nopvndlne m .MS 12- i



sis in the leg ( I paciem), and a L-am.re of che coilum

of the hip ( 1 .men[). In all these paciencs, rhe reacuon

co che inscakd creaunenr was appropriate.

No epdepac fits were encountered. In 2 panencs,

sigrd5canr changes in the EEG were found. In 1 panenr

generalized spikes and spike waves were recorded ciur-

ing 4-AP crmrrnem and in 1 a signdicanr increase in

cemporai slow-wave acciviry u= obsemd during pla-

cebo creaumm.
The blood cesrs did nor show any signi6cant effects

of 4-AP on me hernarologicd renal, and heparic pa-

rameters or rhe ehxrrolyres (all data. p > 0.05). Abnor-

mal values in individual pacienrs were always clinically

irrelevant anti transient wirhouc requiring changes in

the creamenr protocol.

Pt?fmctand’Prdktion
Of the 62 @encs who were able co compare the efi-

cacy in imth periods, 20 did nor have a preference.

Thirry-one @encs preferred the 4-AP perhxi and 11
preferred the placebo period (p < 0.01). Ferry-six pa-
cienrs (out of 62) rhoughc rhar they were able co preciin

in which of che mm ond crea.rmenc periods 4-AP was
given. For 4 i patienrs, this prediction was correct and

for 5 it was not (p < 0.0001).

R@onak to4-Aminopydine
Eighreenpknrs(29.5%) were charamrizeci as &.ng

responders co 4-AP. The percermges of reqmnders in
patients wirh and Parien= wichour subjtive side ef-
fects dusing the 4AP period were mspecrively, 33.5%
and 33.3% (p = 1.0).Pacienrswith side effecs dur-
ing horh rre=nenr periods were excluded km this
analysis

Di&rences in xenc *eristics between the re-
sponders and the nonresponders m 4-AP were found

for a nuder of variables.Signi6candy more respmd-

ers had a longer duration of disease (repose rares

rising from 7% for patients wirb a * durarion
< 3 years co 46% for paciencs wirb a disease durasion

> 10 yea% p < 0.05),hadincreasedEDssscores

(respmse races rising from O in pafienrs with an EDSS
score s 3.5 U) 42% in paiencs with an EDSS score

~ 5.5, p = 0.01), had increwed pvramidai function on
the FS (p < 0.05), were in a chromic progressive form

of the disms-e as compared m a relapsing-remimng

form (respcme rams 37% and ‘?c, respecnvely, p <

0.05), and were temperature senmave as compred co

noncemperarure sensitive \response rares of 58~c and
i3~c, res~e~y, p < 0,05 t, No signi!icar. [ dti-er-

ences were @nd for age (p = 0.076): sex I? =

0.852); age c{ onset (p = 0. S29). progression coeti-
clent(p = O.:- 5); 3nti ceirebeda.. .; = 1.0’, >r.unsre.m
,? = O.j-N,, sensom {p = 0,-99}, and jiaiaer Lmi

bowel tp = f3.6-Z’ Funcaons on -he FS. Lsmi iogsnc
regreSSiOn cbe “ciuraooc 0{ L% &se-3se” anti “>e “:em.-

peraruresensiciviryof symptom” were the mosr im-

pommr prognostic ticrors.

Discussion
Tle resuks of this randomized, double-blind, piacebo-

conrroiied, cross-over srudy, in which the EDSS was

the main evaluation parameter, demonscrare chac 4-AP

is superior co placebo and has a favorable effect on the
cbsabi.iiry of MS pariencs.

A significam difference concerning the mean EDSS

score of 0.28 point was found in favor of the 4-AP

period compared co rhe placebo period. This differ-

ence occurred i.rrespecrive of c.he cross+ver design of
che trial, as shown in Table 2. In Ixxh rhe piacebd
4-AP and the 4-AP/piacebo pacienc groups, the EDSS

score decreased during 4-APand increiwed during pla-

cebo crearmenc

Since changes in rise EDSSarenocofwud impor-

tance over irs whole range and since a difference of
0.28 EDSS point is clinically irrelevant (rhe smallest
change rhat the EDSS recognizes being 0.5 point), it
might be more appropriate co analyze the number of
puien~ rhar showed a change of 1.0 point or more on
the EDSS. Most experts agree rhar a change of at least
1.0 point represents a significant change in the contexr
of a clinical rriaL rhis change. being indkarive of an
imporram change in the disability of an MS parient
expressing+for exampie, benveen EDSS scores 5.0 and
6.0 rhe r@rement of consranc ~ismnce (cane,
crud brace) co walk 100 ro 200 m and berween
EDSS scores 6.0 and 7.0 the ciifFerence benveen being
able co walk (alrhough requking assismnce) and being
esenrialiy rescricred m a wheelchair[9, 13–15].A sig-
nificantdecreasein EDSSscores was seen in 10 pa-
tients(16.4%)dwing 4-AP rreatrnent whereas it was

noc seen during placebo trearrnen~ A significant in-

crease in EDSS score was seen in 3 parienrs (4.9Yc)
during the 4-AP period and in 11 pa.&ncs (18%) dur-
ing the piaceim period. Of course, these dam are influ-
enced by rhe cross+ver design of the srudy, since, for
example, in 4 pariencs an improvement during 4-AP
rreacmem in the first period was foiiowed by a deceri~

ra.cionduring placebo rrearmenc in the second period
(probabiy relared co 4-AP wirhdrawai). Because of the
short durarion of each rrearmem period and because
of che cross+ver design, we refrained from analyzing

the rime co rrmch a signifkanr change.

Our dara con!icn che conclusion of Davis and col-
lqes [3] and Scefoski and associates[4}~ o~Y
ahrunisrered 4AP cars produce ciinicaiiv important

~Drovemen~ in LVS ~en~, d~ough tie ~rcen~e
oi panenrs showing significant improvement is much
.ower m our srudv, This might at leas m part be due

:c “me {3.crchat these authors used a ratier uncommon

W2V TO aswss he de of neuroio~c~ dysfuncuon.
>f~ror ti~on, ~$lom ad aornoror funcuon were



—

aamined separately and even in &e case of a small
‘~mprovexnenr in one of these functions, che ~enr

as idenri6ed = responding co 4-AP. Of course, an
improvement of 1.0 EDSS point or more (which was
found in 16.4% of our panencs) is much more dii%cuk
co achieve [13-15]. The number of @enrs improving
in our srudy is much higher when nm only rhe EDSS
but also che subjecuve responses m scored by the pa-
aenr are taken into accou.nc. A sign.iicam subjective
improvement (defined as an improvemem thar signi6-
ady af%xd he amiviries of normal daily life) was
kiicaced by 29.57Gof the patients, due to tie fact rhac
in a number of pariems a subjective improvement
was nor represented by a signi6canc decrease in EDSS

scores.

Serious side effeccs (e.g., epileptic k, severe dis-
eases, severe Iaborarorydecenni.ned abnormalities)
were not encountered dwing this study. The absence
of epileptic fits is remarkable since epitepcogenesis due
to 4-AP has been reported previoudv [18, 191. This

might be due to our dosage scheme, tich allowed a
maximum daily dose of oniy 0.5 &of bOdy We@lL

:The epileptic convulsions reported in che Iirerarure did
(occur ar higher dosages (> 0.8 n@g of body weight).
~ Subjective side effesxs (especially dizziness, pares-
‘chesias, gait insrabiiiry, nausea+ resckmess, and ab
% pain), on &e other hanct ~ observed &e-
. -dy (69.6%) during the 44P

F

trwmnent perid
esias probably being due m sekrive response
siscics of sensory fibers [20]. In generaL &se

effects were mild and w troublesome; however,
14 pasienrs they were reasons for a dose reduction

1!

in 3 pacienrs rhey were reasons for withdrawal
.chesrudy.The subjective side efikcrs were clearly

m the moment of inrake of * 4-AP. They
s appeared afier 30 to 45 times and resolved

“ somehours &errakingche drug In anumber
- patients, these subjective side eikrs were reasons

prefer rhe placebo treazment period Of the 42 pa-

who indicared a preference, 31 (73.8%) pre-

F

..
the 4-AP pericd and 11 (26.2%), the piacebo

“ (p < 0.01).

-?bese subjective side effects x Iezsr partially un-
- ed che study co both rhe pacienr (66.1% of che

- ms correcdy preciicred in which oral creamenc
- 4AP wasadministered)anddE physician.Al-

- rhisofcoursemayhaveidhencedthesrudv,
“we do not believe chac it invaiidares the main conclu-
‘* since the percentage of responders was exacdy
the same in paoenrs ulrh and panencs WIthOUC sub~ec-
tive side efkrs.
‘Another facror m favor of 4-AP is the signi6cmr

.p.ovement m a number ot_ neu.tmpcvsioiogical pa-
~~ers during rhe mzmnenc. The small but slgJ-u6-

F

reduccion m rhe P 100 Iarency o: the VEP is m
=

- rdance wirh previous dara {2--!:. A s@ficac
,?

change in the amplirude of rhe VEP was nor found. A

number of eye movement parameters changed signi6-
canrly during the 4-AP period. Although dara from
EMRs have nor ofien been used co assess treacmenr
induced changes, we demonsrrared that they can be
very sensitive in this respect [12].

An analysis of the characreriscicsof the responden
to 4-AP (defined as patients wicb either a sigrkam
decrease in the EDSSscoreorasigdcanrsubjective
improvement) revealed char especially cemperan.ue-

sensicive pacienrs and @encs with a longer durarion
of disease and in a progressive phase of the disease had
beneficial effem of 4-AP. The 6nding of a signikardy
higher response race for remperarure-sensitive patierm,
compared to parienrs with uncertain or without tem-
perarue sensiaviry, was not unexpected regarding the
pachophysiologkal concepcs of demyelirsarion and cem-
perarure sensiriviry and the potassium channel blocking
action of 4-AP. The higher esrimaredprobability of
improvement for temperature-sensirive packnrs pro&a-
bly is another hcror rhar accounrs fortheveryhigh
responserareinshereportsoftheW- studygroup
[2A],sinceodyremperarure-sensiavepatienrswere
includedin- srudies.The6ndingofasigniilcandy
higherrespomerareinpasiensdwamrizedbya
10~ duriuionof disease, incnzwd EDSSSCO~ in-
aeadp@dd funaiononrheFS,andbeingina
progmsshe(comparedcorelapsing-ranking)phaseof
thediseasewaamorewpisingIn our view, it is most
Iikelythac cbesefeanlres idenrify a subgroup of pasienrs
in whom demyelimxion is prominenL A number of
pathological srudies dernonscraced duc in patients with

p-e + ad a lo~r dtion of*,
demyelinadon is clearly presen~ whereas in patients
wirh dapsing-remitring disease and a shorter durarion
of disease, “~w - are Ofien predomi-
nant [2 1].

In conclusio~ rhis fu-st randomized, double-blind,

placebo-conuolled srudy demcmscras= a fivorable ef-

fect of 4AP on the disability of cermin MS pariene.
If this Ming is confsrmed in tier sruck, it would
be a major srep forward in rhe treatment of MS since
“a Iicde is a 10Cwhere rhere is little else” {22]. It would

also be a dnulus for neumphysiological research, both
fundarnencd and clirsi4 m explore tier perspH-

fives of this rype of intervention in MS

ThISsrudy ~ 6nanedy supposrcd kq rise “%ehciog Vnenden MS

Resezdz- the Netherlands.

We dunk &e rechnoIc@sIs of rhe Depnmenr of tical Neu.rw

pbymol~ *O performed rhe VEP and EEG recordings, N. G. J
vur Ilcmcu. MD, (mm tie ~~nr of internal MedIcme who
mduar+ & ECG ~iranoru: md rhc dVSU 0( & ~t
0( Pharmam who prepred the mmicanon u.k. We are mdebced

co C J & PhD, F D LuMn. MD, H. F .McFti ,MD.

D W, Pam. MD. P k@c, .MD, and B H. W—, P!@, ior

‘y - dl? UUI’IQFL

u-x” l-s. -.. . . .1. A A-i . . . ..--J...- i. Uc lm
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~, INGREDIENT NAME:

ETAHISTINE DIHYDROC HLORIDE

B. Chemical Name:

N-Methyl-2-(2-pyridyl)ethylamine dihydrochloride

C. Common Name:

Ger., Egypt, Greece, Neth, Swi@ U. K. Serc. *See file for various names in different
countries.

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Quality &say Tot. base (%): 98.965

- E. Information about how the ingredient is supplied:_- .

White to off whitecrystals,isodorless,crystalsobtainfromalcohol

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Seipel, J. H. and Meyer, J. S. Dementia. J Clin.,IPharm. 1975; 15: 144& 1974; 14:280.

Tighilet, B., Leonard, J. and Lacour, M. Betahistine dihydrocldoride treatment facilitates
vestibular compensation in the cat. Journal of Vestibular Research, 1995; 5(l): 53-66.

Oostervald, W. J. Betahistine dihydrochioride in the treatment of vertigo of peripheral
vestibular origin. A double-blind placebo-controlled study. Journal ofL.uryngology &
Otology. 1984; 98(l): 37-41.



Peternwq W. and Mulch G. Long-term therapy of Meniere’s disease. Comparison of
the effects of betahistine dlhydrochloride and hydrochlorothiazide. Fortschritte dkr
A4edizin, 1982; 100(10):431-435.

FraysSe, B., Bebear, J. P., and Dubreiul, C. Betahisthw dfiydrochloride versus flunarizine.
A double-blind study on recurrent vertigo with or without cochlear syndrome typical of
Meniere’s disease. Ada Oto-Laryngoloq”ca, 1991:490 (Suppl): 1-10.

Pfdtq C. R. and Aoyagi, M. Calcium-entry blocker in the treatment of vestibular
dkorders. Acts Oto-laryngologica, 1988; 460 (Suppl): 135-142.

Oosterveld, W. J. Efect of betahistine dihydrochloride on induced vestibular nystagmus: a
double blind study. Clinical Otolaryngology, 1987; 12(2): 131-135.

H. Information about dosage forms used:

Scored tablets

I. Information about strength:

4mg in Canada
—

8mg in U. K.

J. Information about route of administration:

Orally

K Stability data:

Meking point: 152° C to 154 C
Incompatibilities:

Acids
Acid Chlorides
Acid Anhydrides
Oxidizing Agents

L. Formulations:

M. Miscellaneous Information:

—_-— —.
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QUALITY CONTROL REPORT

CHEMICAL NAME.: BETAHISTINE DIHYDROCHLORIDE

MANUFACTURE LOT No. :A011261301

SPBCICICATION

E’
2

DESCRIPTION .

PHYSICAL TEST

TBST STANDARD. :USP_/NF_/~RcK_/BP_/C~- SPEcs. _

WHITE TO OFF WHITE CRYSTALS; IS ODORLESS, CRYSTALS OBTAIN FROM ALCOHOL.

VOLUBILITY. :
SOLUBLE IN WATER, IN ALCOHOL, AND IN CHLOROFORM.

3)NELTING POINT.:

MELTS AT ABOUT 148-149 degree.

A==%

4)sPEcIrIcGRAVITY.:

5)IDBNTIFICATION.:
ABSOLUTION RESPONDS TO THE TEST FOR CHLORIDE.

FAILS.:PASSES.:

COMMENTS.:

ANALYST SIGNA=. : DATE.:

PREPACKTEST.: DATE.: INITIAL. :

RETEST .: DATE .: INITIAL. :
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MATERIAL SAFETY DATA SIIEET

Use your web browser’s “Back” key to return to previous topic

MATERIAL SAFETY DATA SHEET

2-(2-(Methylamino)ethyI) pyridine dibydrocbloride 99%
32311

MSDS Name: 2-(2 -(’Methylamino)ethy l)pyridine dihydroeldoride 99°A

Company Identification: Acres Organics N.V.

- One Reagent Lane
Fairlawn, NJ 07410

For information in North America, call: 800-ACROS-01
For emergencies in the US, call CHEMTREC: 800-424-9300
For emergencies in the US, call CHEMTREC: 800-424-9300

**++ SECTION 2 _ COMPOSITION, INF(JRMATION ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------+
\ CAS # I Chemical Name l% I EINECS# I
l---------------- l-------------------------------------- l---------- l-----------l

5579-84-O 12- (2- (methylamino) ethyl)pyridine 99 I 226-966-5 I
I I dihydrochloride 99% I I I
+----------------+--------------------------------------+----------+-----------+

**** SECTION 3 - HAz~DS IDENTIFICATION ● ***

EMERGENCY OVERVIEW
Not available.
Appearance: faint yellow.
Not available.
Target Organs: None.

Potential Health Effects
The toxicological properties of this material have not been
investigated. Use appropriate procedures to prevent opportunities
for direct contact with the skin or eyes and to prevent inhalation.

**** SECTION 4 _ FIRsT AID ~URES ****

_—.

Eyes :
Flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower lids. Get medical aid
immediately.

Skin:
Get medical aid. Flush skin with plenty of soap and water for at
least 15 minutes while removing contaminated clothing and shoes.
Remove contaminated clothing and shoes.
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Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or water.
Get medical aid immediately.

Inhalation:
Get medical aid inunediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. During a fire, irritating and highly toxic gases
may be generated by thermal decomposition or combustion.

Extinguishing Media:
Use agent most appropriate to extinguish fire.

Autoignition Temperature: Not available.
Flash Point: Not available.
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

General Information: Use proper personal protective equipment as indicated
in Section 8.

Spills/Leaks:
Clean up spills immediately, observing precautions in the Protective
Equipment section.

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Avoid contact with eyes, skin, and clothing. Avoid
ingestion and inhalation.

Storage:
Store in a cool, dry place. Keep container closed when not in use.

● ☛☞☛ SEC-TION 8 - ExposuRE cO~RoLs, PERSONAL PROTECTION ****

EnglneeKing Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control airborne levels.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+
I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI

l-------------------- l ------------------- i------------------- l ----------------- I
I 2- (2- (methylafino) elnone listed Inone listed Inone listed
[ thyl)pyridine I I I
I dihydrochlor I
I ide 99% I I I
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
2- (2- (methylamino) ethyl)pyridine dihydrochloride 99%:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :
Wear chemical goggles.

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to minimize
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contact with skin.
Respirators :

A respiratory protection program that meets OSHA’S 29
CFR ~1910. 134 and ANSI 288.2 requirements must be
followed whenever workplace conditions warrant a
respirator’s use.

**+* SECTION 9 - pHySICAL ~ CH~ICAL properties ● ***

Physical State: Not available.
Appearance: faint yellow
Odor: Not available.
pH : Not available.
Vapor Pressure: Not available.
Vapor Density: Not available.
Evaporation Rate: Not available.
Viscosity: Not available.

l--

Boilinq Point: @ 76~ H.
Freezing/Meltinq Point: 152.00 15U dem c
Decomposition Temperature: Not available.
.Solubility: Not available.
Specific Gravity/Density: Not available.
Molecular Formula: C8H12N2.2HC1
Molecular Weight: 209.12

_—-_

***I! SECTION 10 _ sTABILITY AND ~cTIvITy ****

Chemical Stability:
Stable under normal temp eratures and pressures.

Conditions to Avoid:
s, stL~

Incompatibilities with Other Materials:
Not available.

Hazardous Decomposition Products:
Irritating and toxic fumes and gases.

Hazardous Polymerization: Not available.

**** SECTION 11 _ ToxIcoL(_JGIc~ INFORMATION ****

RTECS# :
CAS# 5579-84-0 unlisted.

LD50/Lc50:
Not available.

Carcinogenicity:
2- (2- (methylamino) ethyl)pyridine

Not listed by ACGIH, IA.RC, NIOSH, NTP,
dihydrochloride 99% -

or OSHA.

**** SECTION 12 . ECOLOGICAL INFO~TION ****

**** SECTION 13 - DISpOSAL CONSIDERATIONS ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCRA P-Series: Not listed.
RCPA U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SECTION 14 – TRANSpORT INFO~TION ● ***

US DOT
No information available

IMO
Not regulated as a hazardous material.

IATA
Not regulated as a hazardous material.

RID/ADR
Not regulated as a hazardous material.

Canadian TDG
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No information available.

**** sEcT1oN 15 - RE@JLAToRY lNFo~T1oN *+*+

US FEDERAL
TSCA

CAS# 5579-84-O is not listed on the TSCA inventory.
It is for research and development use only.

Health & Safety Reporting List
None of the chemicals are on the Health L Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b
None of the chemicals are listed under TSCA Section 12b.

TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)

None of the chemicals in this material have an RQ.
Section 302 (TPQ)

None of the chemicals in this product have a TPQ.
Section 313

No chemicals are reportable under Section 313.
Clean Air Act:

This material does not contain any hazardous air pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.

Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the cWA.
None of the chemicals in this product are listed as Toxic Pollutants
under the cWA.

OSHA:
None of the chemicals in this product are considered highly hazardous
by OSHA.

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
California No Significant Risk Level:
None of the chemicals in this product are listed.

Euxopean/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

CAS# 5579-84-O:
Canada

CAS# 5579-84-O is listed on Canada’s DSL/NDSL List.
WHMIS: Not available.
CAS# 557’9-84-0 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

**+* sEcTIc)N 16 – ADDITIC)NAL lNFo~TIoN *+**

MSDS Creation Date: 2/28/1995 Revision #2 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information cuxrently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.

--------------------------------------------------------------------------------
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[4 anu &CIZ: Schlesinger et al.. ibid.

mm borohydride, but leas volatiIe. Sp
Je. Sublimes at 91.3”, Dec above I

Reacts vigorously with water, Ha

m Bromide.BeBr~ mol wt 168.82.
Prepn: Ehrlich in Handbaak of Prqsc

mtirry. rol. 1. G. Bratscr, Ed. (Acades
2nd cd.. 1963) p 891. Review of bes

Adsun. Inorg. Chem. Radiachem

ystals, d 3.465, mp 506-509? also
Il. iac cit. Sublimes at 473-. bp Sz
Freely sol in water. By saturating I
with HBr. the tetrahydrate is form

/ridine (1 85.6 g/1), in ethyl bromide (1
Ion compounds with amines. alcoho

m Carbide. CBez; mol wt 30.04. !
~C. Prepn: Coobs. Koshss&

?, 115 {1952); Mallett e; aL, ibid. 10
in Hand6aok of Prepamti ve Irrotgaa

1. Brauer, Ed. (Acad~ic Press, NC
) p 899.
ow-red octahedra, d [,90, dcc ad
kc by water, somewhat faster by rrsirte
by alkalies with the evolution of metl

i
for core material: Schwartz, U.S. q
JSAEC).

d

Chloride. BeClz; mol wt 79.92. f
Prepn from the elemep ts: Tarmsa

22 (19S7~ from B@, Cll and C: ~
Prqsamrive irro~arric Chemskrry, vok 1
ier@A~, New York. ?nd cd., 1%3
1; - Cochran et al., Fd %.9
40 /ilium halides: Bell, Ad-
Iem. 14j 255-332 (1972). 4
{d]ow, very deliquesc, orthorhomti
s. Reported mp rangea from 399.2 II
!erecf to be the most reliable (BeU). bl
Icssa at 3tYY. d 1.90. Very sol in wata
[; the aq soin is strongly acid. Sof ~
inc. CSI. Insol in benzene, tohsms

4
xlinic deliquesc placelet$, Has bea
, HZO: Semerrenko, Turova, Russ 1
1965). LDWin guinea pigs, rats @

Cochrars),
yllium. AnlsydrarLs fonrr used as d
~ctions, similar to NC13.

i
Fluoride. BeF1; mol wt 47.01. ~
?repd by heating ammonium flu-

~kts, Cbrrrpt. Rend. 126, 141#

Fiandboak of Preparative Irsorgo@
Brasser, Ed. (Academic Press, f’@
231, Review of prepn and pro-

Bell, Advan. Inorg. Chenr, Radioc_.
‘a

mass (tetragonal system). True *
wmg akut s~. .SUblim~ at 10~
(he presence of berylli~. d~ l.%
:n sparingly SOI in ale: ISNXe SO1 ma

m; insol in anhydr HF. $
and Be alloys; marsuf of glass =

s
‘O~te. Formic acid &@lium &
)5. C 24.25%. l-f 2.04%, $e 9. 10$@
Prepn: Besson. Hardt, compL R~

A

121L Beryllium Hydride. BeH:; mol wt I I .03. BC
~l,7z% H 18.28~0. Lower purity mawial prepd by treating
dimcthylberyllium with CIAIH, in ether: Barbaras er & J
,4m. C/tens *. 73, 458S (195 I} higher purity by pyrolysis
of {l-fe~-butylbery l[ium: Costea, Clocking. J. Cfrem. Sot.
,954, 2S26; Head et a{, J. Am. Chem. Sac. 79, 3687 (1957);
from tnpheoyi phOsphme and beryllium borohydride: Ban-
rOrd, Coatea, J. Chem. Sac. 1964, 5591.

White solid. Higher purity materiaJis inert to laboratory
ur. LOSSof hyd.rosert at 190-2~ ne8Ji8ible. mpid at zz~.
Reacts siOWly ~th water, rapid y with dil acids. Irrsol in
~[her, toluenc, isopentarm Reacts with diborane to form
~l[ium borohydride.

1212.BerylliumHydroxide. BeH Or mol Wt 43.03.
sc 20.9S%, H 4.699o, 0 74.37Y0. BdOH\z Preps: Ehrlich
n Handbtwk Of PmWmriw f~f%anlc Chem@y. ~oL 1. G.
jmoer, Ed. (Academic Press, New York, 2nd cd., 1963) p
194.

Amorphous wwd~ or crystals. d 1.92. Amphoreric,
/cry slightly SOI in water and diI alkali. Sol in hot coned
~aOH soln and acids.

USE: Manuf of beryllium and beryllium oxide.

1213. Beryllium Iodide. BeI:: mol wt 262.82. Be
.43%, I %.57%. Prepn: Mcsaerknecht. Biltz. Z ArroW.
;hem. 148, 152 (1925); EhrIich in Handbook of Prepomnw
norganic Chemislry, vol. 1, G. Brauer, Ed. (Academic
ksa, New York. 2nd cd., 1963) p 892. Rewew of bcryl-
um halides: Bell, Adwn. Inorg. Chem Rariiwherrr. 14,
‘55-332 (1972).

Needles, mp 48ff. bp 48&. Very hydroscopic. Sublimes
MWCUO. Reacts violently with water. gsving off Hf. Ab-
orba ammonia. Dissolves in alcohols, smines. wrth the
wrrration of addition compds. Keep nghrly closed

1214. Beryllium Ni~te. BeN:O~ mot wt 133.02. Be
,,77%, N 2 1.06%, O 72.177’.. fk(NO +. Prepn: Gmelin’s
kry[[ium (8th cd.) 26, 102-104 (1930\,

Trihydrate, white to slightly yellow. dcliquesc :ryst mass.

1P ‘~. Vew SOI in water, alcohol. Keep well closed in a
ad place. LDn i.p. in guinea pigs: 50 mg Ik8, Harrdtook of
%.siculogyvol. 1, W. S. Spector, Ed. (Saunders. Philadef -
lhla, 1956) pp 46-47.

USE: Stiffening mandea in gas and acetylene k+nsps.

1215. Beryllium Nitride. Be,N1; mol wt 55.05. Be
,9.1 l%, N 50.8!4%, Prepn: Ehrlich in Handboak of Prepom -
iw Irrmganlc Chemistry, ?ol. 1, G. Brauer, Ed. (Academic
‘ress, New York, 2nd cd., 1963) p 898: Langsdorf. Jr., U.S.
Iat, 2,567,5I8 (I 95 I [o USAEC).

White crystals to grayish white powden mp 2203 =W.
Iolati]e at bp, On further beating it dissociates into * Snd
‘it Oxiditi in air at 6CXY, M SIOWIY by water, qwckly
IYadds and afkaliea with the evolution of ammonia.

1216. Beryi]ium Oxide. Be.ryllia. BeCX mol wt 25.01,
k 36.03%, 0 63.97%. Prepn: Gme[irr’s BeryUium (8th cd.)
!6, 82.9 I ( 193r3); Ehrljch in Harrdfawk of Prepamriw? Irror-
:amc Cherrr@.y. TOI. 1, G. Brauer, Ed. (Academic prexs.
yew York, 2nd cd., 1963) p 893. Rewew: Lillic. USAEC
JnL 6457, 23 pp (1961),

Llghr, amorphous powder, mp 253rY Very sparingIy SOI
n ‘waten SIOWIysol m coned acids or solns of fixed alkali
hydroxides. After ignition it is almost msol in these SOI-
ICOta,Pure (Iwo) B.SO insulates electrically like a ceramic,
M conducts heat like a metal. Electncai reswivity in ohm-
m: > lo:~.Dielectric const at 8.5 gsgacyclcs: 6.57.

USE: Ma”uf of beryllium oxide cerarnwa, glaXS in nUCfCar
“~ClOr fueis and moderators: catalyst for orgamc reacnons.

1217.~~iiium Perchlorate. 13ec120s;mol ~t 20791.
Brq 33~0, C; 34. 10%, 061.567.. BC(CIOt)r prepn Gme-
‘b’f. Bery//lum (8th cd. ) 26, 121 (1930).

Tetrahydrate, vcv hygroscoplc crystals. HOlds its ‘ater
~ crystn tenatiOUSIy. Soly in water: 148.6 g; 100 ml.

1218. Be~l]ium Potassium Fluoride. Posa.miurrr wrm-
fl”~roberyi[ate. BeF,K,,mol wt 163.20. Be 5.52@C, F
%,S&-o, K 47.91 *o. K&+,. ‘repn Gmelm ‘s. Beryllfum
‘glh cd. ) z6, 17Z ( 1930) RCVIeW of prcpn and properms Of

Betahiatitse 1224

beryllium halides: Bell, Advan. lno~, Chem. Radiachem.
14, 255-332 (1972).

Hard masses. S01 in water, practically insol in ale,

1219. Beryllium Potassium Sulfate. BeK OtSZ; mol wt
279.34. Be 3.23%. K 27.99%, O 45.82%, S 22.46%. BeSO,. -
K#O& Prepn: Gmefin ‘S BerylIium (8th ed) 26, 174 ( 1930).

Dihydrate, brilliant crystals. Sol in water, coned K*SO,
solns; practically inscd in ale.

USE: In chromium- and silver-plating.

122f3. Beryllhrtts SeIenate. Be04Sq mol wt 151.97. Be
5.93%, O 42. 11%. Ss 51.96%. BeSeOo Prepn: Gmelin’s.
Berpilium (gth cd.) 26, 144 (1930),

Tetrahydrate, orthorhombic crystals, d 2.03. Changes to
the dihydrate at I@ and becomes anhydr at 3W. Freely
sol in watec aq solns of beryllium selenate are gorsd solvents
for beryllium oxide.

1221.Beryllium Sadirmt Fluoride. Sodium ferraj’fuoro-
beryllsstti BeF4Na1; moi wt 130.99. Be 6.88%, F 58.02%,
Na 35. IO%. Na#eF& Prcpn: Gmelin’s. Beryllium (8th ed. )
26, 169 (1930), Review of prcprr and properties of beryl-
lium halides: Bell, Advan. Inorg. Chem. Radicwhem. 14,
2S5-332 (1972),

Orthorhombic or monoclinic crystals. mp -35W. Sol in
water.

1222. Beryllium Sulfate. BeO,S: mol wt 105.08. &
B.58%, O 60.91 m., S 30.52?.. &S04. Prepn: Gme[irr’s.
Beryilium (8th cd. ) 26, 130-14 I (1930). ToxIcIt y study
White et rd.. J. Pharmacol. .!2xp. Ther. 102, 88 ( 1951).

Tetrahydrate. crystals. d 1.71. At about IOU loses
ZHIO. Very sol in water. Practically insoi in ale. LDW iv.
n mice 0.5 m8 Be/kg (White).

1223. Besipirdine. ,V-pmPyI-,V~.pevridiny[- IH.indol - 1-

zminc; i -(propy14pyrid ylamino)indole, C1’H17N,; mol wc
151.33, C 76.46% H 6.82%, N 16.72’?.. Cholinomimer!c
Igent with noradrencrgic activity. Prepn: R. C. Effland. J.
r. KJsin. Eur. pat. AppL 287,982 (1988 to Hoechst); idem er
zL. U.S. pat. 4,970,218 (1990 to Hoechst-RousseO: of hy-
drochloride: S. Kongaamut er a[.. U.S. pat. 5,3S6,910 (1994
:0 Hoechst-Rousael). HPLC detetmn in plasma: R. S. Hsu
u al., J. Chrumarog. 572, 352 ( 1991 ). Mechanism of action
itudy: C. P. Smith er al.. Drug Dev. Rm 32, 13 ( 1994).
Pharmacokinetics: J. W. Hubbard et aL. J. C/in, Pharmaco/.
3s, 688 (1995).

&

w-’N/

Hydrochloride. C,6H17N3.HCI. HP-749. Crystals from
methanol, mrr 212-214”.

Maleate. C1,H17Nj. C4H,04, crystals from methanOl/ether.
mo 115-116”.

24. Bet9Ltiatine.. ,Mettryl-2-pyridineetharramirre; 2-
pyrisfirre; [2-(2 -pyridyl)ethyl] methyl-

amine.’ C$H,ZN2; mol wt 136.20. C 70.55%, H 8.88%, X
20.5770. Prepn: Ltiffler, Ber. 37, 16 I ( IW4); Walter et al.. J.
Am. Chem. .%x 63, 2771 (1941).

(N’Y--E’CH’
Liquid. bpm 113-114”. Soluble in water.

chloroform.
D!hydrochlonde. C$H, ZNY2HC1. Bemerc.

taf. Crysrals from dc. mp 148- 14T.
MAeatc, C8H11X:. C, H40,, Su:ucolon.

Consuiz [he .Vame Index bejore using this sectwn.

alcohol. ether,

Serc, VasOmO-
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16!6 Vasodilators

but it was suggested that benziodarone should not be 9213.
used in gouly Wtien[s with thyroid irrcgulari~ics.— 1. P,
Camus et al.. Revue Rhum. Mal. o.sri-rriculaires, ~:>Betahlstme H drochlorld PT 9+ ~
1973.40, 148, per TA4rapie, 1974, 29. 15, ~e=- -(2-rryridvl)ethy am]rre dih}droch[ori~c.

Juuudicc. The Committee on Safely of Drugs had C~Hl:N2,2HCl =209.1.

received reports of I 1 cases of jaundice occurring in C.-IS — 5638-76-6 (be[ahistine): 5579-84-0
.~ oaIien!s being tret(cd wi[h bcnziodaronc (Cardivix).— (hvtfrochloride).

>. A. CahaI ilctter). Br. med. J., 1964, 2. ~~2. .scru~iny A w bite Or creamy-white, odourlcss. hydroscopic,
of :ndividual case histories and clinical data of the I I

6
wi~h a bit[er taste. M.p. about

cases of jaundice reported above did not confirm that 152’. in water; soluble in alcohol;
bcnziodarone was responsible. Two cases had features
which suggested there might be a connection and
another case proved to be a ~rcinoma of the head of
the pancreas. As the specific cause was in doubt. Cardi.
vix could not be clearest and the manufacturers had
widsdrawn the drug from the m.arkel pending further
information.— J. Valentine ●t a/., Fismr.r (letter). ibid.,
g82.

Precautions. Bcrrziodaronc should he given only with
caution to patients with icdine scrrsi[ivily and 10 patients
taking anticoagulants.

lnmraetions. For the effects of bcrzziodarone on anti-
coagulants. see Ethyl Biscoumacetate, p.771, Phen.
procoumon, p.774, and Warfarin Sodium, p.77tl.

Abaorpskon arsd Fstc. Benziodarorre is absorbed from the
gastro-inwstinal tract. [t has bmr reported that maxi-
mum concentrations in plasma occur about 6 hours after
a dose; bcnziodarone M concentrated in the liver. Excre-
tion is mainly in the faecea and may be delayed by
rcabaorptlon.

Uaaa. Berrziodarone is a vasodilator which has been used
in the prophylaxis of arrglna pectoris and after myocar-
dial infarction.
Berrziodarorrc has also been given 10 diminish uricaemia
in gout.

Cardiac disorders References 10 the use of bcnz.
iodarorre in angina Pectoris P. Daiiheu-Geoffroy mrd J.
Nataf. Pressc m4d., 1961, 69. 97 I: P, Davies #r al,, Br.
med. J., 1963, 2, 359: S. Blake and D. Keclarr, /, /risk
med. Ass., 1964, .54, 42,

Hyperuricaemia In 59 Palierrts with gout (withou~ renal
_~@crali A with a blood-urea concentration not exwcd-

- 1 mg per ml) serum-uric acid concentrations were
iced. in all except one, to leas than 70 pg per ml

alter treatment with bcnziodarone 300 mg daily, though
the effecca on blood concentrations and clearance of
urea were variahlc. Side-cffccta included weakness ( I I
patients), restless legs (2), dizziness ( I). and impotence
(2).— A. Ryckcwaert et al., Th+rupeu(iqsre, 1971, 47.
371. pr Abw. W/d ,Med,, 1971, 4S, 712,

In 40 oatitmts with hvocrtension and normal renal furrc-

practicaliy ‘insoluble in chloroform and ether.
Store in airtight eomainers. Protect from light.

Ad$erse Effects. Naus.n, headache. and
exacerbation of peptic ulcer have been reported.

Treatment of Adverse Effects. In the case of
severe overdoaage the s[omach should be emp(ied
by aspiration and Iavagc. [f necessary the
circtsIation shou Id be maintained by infusion of
suitable electrolyte solutions. The vasodilator
cffec[ of betahistine is stated [o be inhibi[cd by
antihistamines.

Preeautiona. Betahistine hydrochloride should be
given with care 10 paticnu with asthma, peptic
ulcer or a history of peptic ulcer, [t should not
be given to patients with phaeochromocytoma. It
has been suggested tha[ it should not be given
concomitantly with antihistamines.

Alsao~tion and Fate. Bctahistine hydrochloride is
readily absorbed from the gastro-intestinal tract.
[t is converted 102 metabolizes and peak concerr.
trations in blocd of the 2 metabolitcs are
achieved within 3 to 5 hours, Most of a dose is
excreted in the urine, in the form of the met-
abolizes, in about 3 days,

USCS.Bctahistine hydrmhloridc is an -ue&
histamine and.~imed 10 irnproY-&LhsL.WZO-
t7FEiilaTo-; “fi IS used to reduce the frequent y of

~~~dof dizziness in some patten[s with
M&tkr.Ls dti..xhe UU dQSC is S mR thrice

Qt@x ~my taken prefer~=
—–

X morc~n
48 mg shoui
tine “%-’:: ‘-S;has alw” been u
hlstamtne head’il~--— ——
Llcdsoees. In a study in 18 etderly patienrs with dccubi-
tus ulcers, 9 t ted for about 3 months with bctahistine

tablets ch m 4 ~i il r “v~jf~nt Iy

E4G2%$G2%%%IHR%A<:;
that similar &suIts miRhi follow the ;;oi&~on of Ical
hat alone or cotnbi&d with hydrm’herapy.— M. R.
Sather er al.. Or-sag{ruell. & c[in. Pharm., 1977, II.
1G7

tion m~n initial serum-uric acid concen[raoons of 6.2 ug
i “A.

per ml rose rapidly after commencing treatment with
Demcmita Studka into the role of betahistinc in

diuretics-usually thiazldes-reaching a mean of 88 AIF& ~d, ,.
rtericalcrosis and dementia: J. H. I and 1, E.

Floam. J clin. Pharmac.. 1975, I 144 J. Sei et
per ml; the concentration fell to normal in ail but I
patient within a week of bmng given bcnziodarcmc 100 2’221 R1.%!%%%!’i4s3. ‘
[0 200 mg daily. the mesrr value afler 4,5 months being Hadahe. Ninety-three of 160 patmsta. most of whom
53 Ag per ml. Moat of I I patients with impaired renal sufferzxi from hadache of varied GIW, were irrrprovcd
function also rccelved benefit.— G. Lagrue e/ al,, after treatment w!th bctahistme hydrwhlorlde. 2 Icj

Presse mid.. 1971. 79, 849. per Abstr, Wid ,Med., 1971. --a~~ T. fLorton and H Led en. Proc.
4$ 7w C/in.. 1962, 37, 692%f 184 mtmnts.-, -..
%opriesaq Phases

wit~ histamine hdache, 105 obtained relief aft.& treat-
ment with betahistine hydrmhloridc. 2 to 25 mg daily. —

Amoliacor (RfLS Pha?ma, Its/.); Amcdivix /bba:. 8efe.: B. T. Homon. ibid.. 713,

##&yIate/ (311 )dfz/ Sinmcnier (Spars,; .Suzotoi~
Microscr il(a[, j: Pyritylulon, Remark, Riptonin

Tcnyl-D (lxxh mesylatej both JIzp./; Vaaomomi(Ger,k
Urutal (Jug 1.

9214-p

IhzphenineHydrochloride. Nyiidrin Hydr~
chloride (U..S. P ); Nyiidrtnium Chloride. [ -(4.
Hydroxyphenyl)- 2-(1 -methyi-3-phenyl-
propylamino)propan- I -01 hydrochloride.
C,9H35NO:,HCI =335.9.

CA.S — 447-41-6 [buphenine): 849-SS-8 (hydrb

chloride}.
Pharmacopoeias1n U.S.

An odourless, while. crystalline powder. solub~ I
in 65 of waler and 1 in 40 of alcohol: slight]Y
soluble in chloroform and ether. A l’% solution in
water has a pH of 4.5 to 6.5. Store in airtight
containers.

Adverse Effects. Bsrphenine hydrochloride maY

cause nmsse~ and vomiting. trembling, nervo~.
ness. weakness, dizziness. und palpitations.

Treatraaent of Adverse Effects. In severe over.
dosage the stomach should be emptied by aspira.
tion and Iavage, If necessary. the circulation
should be muimained with infusions of suitable
electrolytes.

Precautions. Buphenine hydrochloride is contra.
indicmed in pottents with myocardial infarction,
hyperthyroidism. paroxysmtil !achycardia, or
severe angina pectoris,

Absorption and Fate. Buphenirw hydrochloride is
readily absorbed from [he gissrro-ln[cstina[ tract
its effect begins in about IO minutes, reaches a
maximum h about 30 minutes, urd lasts for
about 2 hours.
Investigations m JW?I indicoted tha[ buphcninc ia
excreted in the ur[nc as [hc free base and Its glucure
nidc.— H. Li and P Cemom, J pharnr Sci., 1976, 65,
1352.

Uses. Buphenine produces [he effects of beta-
adrenoceptor stimulation, 1[ is reported to
increase peripheral blood flow mainly by direct
isction on the arteries and ~r~erioles of the skele-
tal muscles, It has Iittlc effect on the vessels of
the skin.
Buphenine has been used in the treatment of
peripheral vascular disease.
II has also been used in the treatment of
M&si?re’s disease md other disorders of the
internal ear.
The usual inilial dose of buphenlne hydrochloride
is 6 mg by mouth thrice daily, which may be
increased to 36 or .48 mg dilly in divided doses,
if necessary. II his also been g]vcn by subcu-

taneous or intramuscular injection.

Deufrnes$. For the usc of buphcn{ne hydrochloride in
pcrccplm’e dcafncas, see T. J. Wilmot and J. C, Sey-
mour. f.msctr, 1960. /, 1098.

Dementia, A study of bupheninc In elderly patients with
cognitive. emotional. and physical Impairmen[ — S. E.
Goldstein and F. Birnbom. J chn. Psychra/., 1979, 40,
520.
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C,, H, INO:=213.2.

CAS — 94-44-L.
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.Serax(conf ‘d) Adverse EffectKOccasional patients have expenencad gastric
unset. nausea and heactacne .-

and coma may ensue. Fatalities rarely occur except when
&

Dosage: Usual adult dosag? has been 4 to 8 m rally’ times

other dregs, aicohol or aggravafmgfactorsare mvloved. Hypo- ~ Therapy IS adiusled as neeaed fo

Ienslon and respiratory depressions are not found freouentlv
response, Dos~e has ranoe~ rda ~
Imum rec~mended oaiw Oosaae is 32 ma

unless ofner a rugs have been associated.

Treatment There IS no specihc antidote. Gasfnc
Iavage performed early after mgestlan of the drug may be

.--—-lenefrclal. Management consists of supportive measures and
Jose superwslon and monifo~g. Cardiovascular and CtJS

stimulants may be used, if necessary Akhough oxazepam has
a relatively long half-fiie, the use of dialyxs is of question-
able value.

Oosage: The dosage must be individualized and carefully
titrated In order to avoid exces~ seclatian ar mental and
motor tmpamnen!.

As wrfh ofAer anxlolfic sedadves, shorl courses of treat
ment should usually be the role for the symplamafic refief of
disabling anxiety in psychoneurotic patients and the initial
course of treatment shauld not last longer than 1 week wifhool
reassessment of the need for a limited eklension. Initially, not
more than 1 week’s supply of the drug shauht be provfded
and automatic prescription renewals shoufd not be allowed.
Subse~uent prescriptions, when required, should be limited to
short courses of therapy.

The adult dasage is 30 to 120 mg daily, in divided doses,
according to severity of symptoms and patient response, ini-
tiate treatment by lower dose and increase gradually.
Elderty and debilitated patients: The recommended dosage IS
5 mg once or twice daily, as tolerated. Inibate treatment
always by the lowest dose and increase gradually as needed
and tolerated.

Supplied: 10 mg: Each light yellow, scored T~ose tablet,
Imprinted SERAX and 10, contains: oxazepam 10 mg. Non me-
dlcmal ingredients: D&C Yellow No. 10 Aluminum Lake, FD&C
Yellow No, 6 Aluminum Lake, lactose, magnesium stearate,
mlcracrystaliine cellulose and poiacrilin potassium. Energy:
2.97 M (0.71 kcal). Gluten- and tarlrazme-free. Baffles
of 100 and 500

15 mg: Each yellow, scared Tnradose tablet, imprinted SERAX
and 15, contains’ oxazepam 15 mg, Non medicinal ingredients:
D&C Yellow No. 10 Alummum Lake, FD6C Yellow No 6 Alu-
minum Lake lactose, magnestum stearale, microcrystalline
cellulose and polacrihn potasswm, Energy: 2.85 kJ [0.64 kcal),

_-__Gluten- and Iartrazme-free Bofftes of lCO and 500.

Y mg: Each peach, scored Titradose tablet, imprinled SERAX
nd 30, confams: oxazepam 34 mg. Non medicinal ingredten!s:

FD&C Yellow No. 6 Aluminum Lake, lactose, magnesium stea-
rate, microcrystalline cellulose and polacrilin potasswm.
Energy. 2.64 Id (0.63 kcal), Gluten- and tartrazme-free, Bottles
of 100 and 50C.

(Shownm ProduclRecogrrifton Section)

Antivertigo

Pharmacolog~Pathologically, the attacks af vertiga assaci-
aled with Meniere’s d!sease are associated with an accumula-
tion of fluld m the membranous Iabyrmth of the inner ear
(endalymphabc hydrops), and an increase in endolymph pres-
sure. It is less helpful against the pragresswe decrease in
hearing acuty Information on abwpfion, metabohsm and
excretion of betahistme is not available Ammal reproductive
studtes have not shown any adverse effects,

Indications May be of value in reducing the episodes af ver-
bga in Meniere’s disease No claim IS made for the effectwe-
ness of betah$tme in the sympfomafic treatment of any farm
af verbgo other than fhal associated with Menii?re’s disease.

Contraindications: Nat ta be administered to pabents with
actwe peptic ulcer ar a history of this canditlan; pheachromo-
cytama.
Children: NoI recommended far use m children.

Precautions: Caution should be exercised if betahistine !s
admuuslered to pat(errts with bronchial asthma Betahistme
shauld nat be used concurrently wNh antlh!stammlc agents
~regnancy and LactadonSafe use af betahlstme during preg-

mcy ar Iactaoan, or m women af childbearing acre has nat
jet been established

I
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Supplied: Each round, wm
engraved wth unfme=-$n~n~e%%~
HCI 4 m Nonmed!cina! mgredienfs: com arch. FD&C ed
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and farfrazine-free Bacnes af 100
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SERENTIL@ iii
Novartis

Mesondazine Besvlate

Copyngh! IC -998 Canad!a? Pharmacdsrs AssccIa!Ioo All ngh!s reserveo

An@ychotic

Pharmacology Pharmacalogtcal studies rn laborato~ ammals
have established that mesoridazine has a spectrum of pharma-
cological activity comparable fo thioridtine, except fhat its
effecfS. other than calalePtlc ‘wfrIch is weaker, are more pro-
nounced

Following oral admimstrat!on, mesaridazirre is well absorbed
with peak blood levels occurring at 4 hours.

Approximately 30 ta 40% of a dose is resoverecl m the
urine and 25 ta 30% is recovered in the feces, even after
i, m. admimstration.

Indications: The treatment af both the acute and chronic
states of schizophrenia: organic brain syndrome and mental
retardation associated with psychatic symptoms or where Dsy-
chonsotor disturbances are predammant: treatment of same
patients with symptoms of alcohol withdrawal,

Conttaindic#tons: Severe CNS depression, comalose states,
blood dyscraslas, bane marraw depression, Iwer damage,
hypersensttivify to mesondazine, cross sensitivity to other
phenothmnes may accur Hyperfensfon or hypotenswe heart
disease of exlreme degree

Precautions: Occupational Hazards, Where pabents are parfic-
Ipatmg in activities recfumng campiete mental alertness
(e.g. driving) it IS adwsable fa admmister the phenathiazme
cautiously and ta Increase tne dasage gradually

Attention should be paid ta the fac[ that phenothiazmes
are capable of ~tentiatmg CNS depressants (e.g. anesthehcs,
analgesics, hypnatlcs, antlhlstammes, apiates, alcahol. etc,)
as well as atropme and phaspharus msectlcides They may
also potenhate qumidme’s mhlbitory effect on cardiac cantrac-
tlhfy

Since acular plgmentaw changes have been reporreo wifh
phenothiazmes af the plperidlne class the poss[billty of this
side effect cannot be excluded

Prolangafion of the OT Interval, flattening and Inversion af
the T wave and appearance of a wave tentatwely Idenhfted as
a bitid T or a U wave have been abserved m some patients
recewmg phenafhlazme tranquihzers, including mesorrdazme,
These changes appear to be reversible and related 10 a distur-
bance m repalanzahan. Mesaridaone shauld be given with
caution to pabents with heart disease.

Leukapema, granulocflopema and/or agranulocyfosis have
been reporled following phenoth!azine therapy The pass! biity
af the occurrence af blaod dyscrasla cannot, therefore. be
ruled out. Therefore, patients should be observed for any signs
ar symptams of blood Oyscrasla. It is also advtsable 10 perform
regular blood counts, parflcularly during the first 2 or
3 months af fherapy and on the appearance O; suspiclaus
chmcal signs

Hypa!enslan, which IS ryp!cally orthostatlc, may occur espe-
cially m the elderly and m alcohalic patients with ether dosage
form, Assumphan af fhe head down supine posmon will ard(-
nanly bring the blaod pressure back to normal Dn rare occa-
slans, and more sa after parenteral admmfstratioli of the drug,
pralonged and severe hyootensian may accur, requmng the
use af vasopressors I IIe admmistratian of epmephnne should
be avoided m the treatmenl of phenothlazine reduced hypotem
s!an m view af the fat! that phenathlazmes may reduce a
reverse epmephnne effect and aggrava!e the hypalenslon
Pregrrarrcy and LaCrar/On Safe use of mesoridazne m human
pregnancy has nat been established Therefore, !1 should nat
be administered la wamen of chddbearrng patentia!, parhcu-
Iarly during the flrsl Inmester of pregnancy, unless the
expected benefit to the paoent autwelghs the ootentlal nsk ta
the fetus, Mesaridame may aupear m human breast mdk

Adverse Effect&Drowsiness and fsypotertaion are the most
prevalent adverse effects encuurstered. sedation, hypo~~
and afher aufonomlc effects tend to occur more frequently
earfy m the treatment or wisen midal hqh doses are usec.

When these reacfians accur tf’tey can usually be controlled
by a reducnan in dosage. In mild cases of hypatension, the
head down posman may be adequate. hI severe cases of
hypotenslon. a pressor agent such as Ievarferenol bhartrate
may be used. Epinephnne snould not be administered, since
it may result m a farther f# of blood pressure,

The following adverse reactions have been reported with
phenothiazine derivatives and may occur with meswidazine:
Behaworal reacdons: oversadatiort; impaired psychomotor
funcfron; paradoxical effects, such as agitation, exckement,
insomnia, bizarre dreams, aggravafron of psychotic symp.
toms; and toxic confusional states.
CNS: excrapyramidal reactions, including Parfdnsonism (with
motor retardation, rfgidW, rndsklike facies, tremor, salivation,
etc.); dystonic reactions (including facial grimacing, tics, tord-
COIIIS, oculogyric crises, etc.); and skafhisia. Persistent dyski-
nesias resistant to treatment have also bean reponed. In
addition, slowing of EEG, dsfurbed body temperature, and
Iowenng of the convulsive ~reshold have occurred.

Tardive dyskinesia may appear in some patients on Iang.
term antipsychotic therapy ar may appear after drug therapy
has been discontinued. The nsk appears 10 h grealer m
elderly patients on fsighdose therapy, especially females. The
symptoms are persistent and in some patients appear to be
irreversible. The syndrome K characterized by rhythmical
involuntary movements of the tongue, face, mouth or jaw
(e.g. protrusion of tongue, puffing of cheeks, puckering of
mouth, chewing mavemenrs). Sometimes these may be
accompanied by involuntary movements of extmmties.

There is no knowm effecbve treatment for tardive dyskinesia
antiparkhtsonian agents usually do not alleviate the symptoms
of this syndrome. All antipsychotic agents should be discon.
tinued if these symptoms appear. Should it be necessary fo
reinstitute treatment, or increase the dosage of the agent, or
swrtch to a different antipsychotic agent, the syndrome may
oe masked. The physician may be able to reduce the risk af
this syndrame by mimmbmg the unnecessary use of neurolep.
tics and reducing the dose ar discontinuing the drug, if pos-
;ible, when manifestations of this syndrame are recognized,
oartlcularly in patients over the age af 50. Fine vermicular
mavements of the tongue may be an earfy sign af the syn-
jrame. If the medication is stopped at that time, the syndrame
may not develop.
hutonomic nervous system dry mouth, fainting, stuffy nose,
photophobia, blurred vision, mlasis.
k.trointesfrnal: anorexia, increased appetite, gastric irrha-
:xon, nausea, vomiting, cansbpation, paralytic ileus.
%dacrme system: altered fibldo, menstrual irregularities, lac
‘atIan, false positive pregnancy tests, inhibition of ejaculation.
]ynecomastla, weight gain.
jkm: itching, rash, hypertrophtc papillae of the tongue, angio-
leurabc edema, erythema, exfoliate dermatitis, contact der-
natlbs.
~ardiavascular effects: hyDolension, tachycard ia, ECG
:hanges (see Precauttans)
3100d dyscraslas: agranulocylosis, Ieukopenia, granulocyto-
lenta, easmophilia, thromnocytopema, anemia, aplastIc
memla, pancytopenia.
411erglc reactions: fever, laryngeal edema, angioneuroflc
?dema, asthma
+epatotaxlcKy: jaundice, biha~ stasw
Jnnary disturbances: retention, incontinence.
4bnarmal ~igmentafion. more recently, a peculiar skin-eye
;yndrome has been recognized as an adverse effect following
ang-term treatment with phenothiazines. This reactian IS
narked by progressive pigmentation of areas of skin or con-
unctiva and/or discoloraftan of the expased sclera and cornea.
)pacities Of the antenar lens and cornea described as irregular
M Stellate m shape have alsa been repofled Alfhough retinal
IIgmentatlan has not been observed with mesaridazine.
]afients receiving higher doses of mesoridazine for prolonged
]eriods shauld have periadlc camptete eye examinations
bflscellaneaus: Unexpected and sudden deaths have been
“eported m hospitalized psychatlc pafients receiving phenothl-
!ZlneS. In some unexpected deaths, myocardial lesions have
leen observed Pre’wous brain damage ar seizures may also
Ie predlspasmg factors: high dases should be avaided in
mawn Seizure patients Several patients have shown sudden
?xacerbatlons of psychabc Dehawar patterns shartly before
~eath Aulapsy findings have alsa revealed acute fulminating
meumoma ar pneumonitis and asplrafian of gastric canteniS
rhe physician shardd therefore be alerted to the passlble
jevelapment of “silent pneumamas”.



Page Number : 1

.-.

Database: Medline c1966 to present>

/

<1>
Unique Identifier

95227410
Authors

Tighilet B. Leonard J. Lacour M.
Title

6T
Betahistine dihydrochloride treatment
vestibular compensation in the cat.
Source

facilitates

Journal of Vestibular Research. 5(1) :53-66, 1995 Jan-Feb.

Abstract
Unilateral lesion of the vestibular system induces
posturo-locomotor deficits that are compensated for with
time. Drug therapy is currently used to improve the
recovery process and to facilitate vestibular compensation.
Betahistine dihydrochloride is an histamine-like substance
that has been employed in vestibular pathology; it was
found effective in many forms of vertigo and in
vestibular-related syndromes. Investigations performed in
animal models have shown betahistine-induced neuronal
modulations in the vestibular nuclei complex and
interactions with the HI and H3 histamine receptors.
Potentially, this substance is therefore capable to
interfere with some recovery mechanisms and to improve the
behavioral adaptations. But there is at present a total
lack of data concerning the influence of betahistine
treatment on vestibular compensation in animal models. The
aim of this study was to understand the pharmacological
activity of betahistine in the restoration of posture and
locomotor balance functions in unilateral vestibular
neurectomized cats. posture recovery was assessed by
quantifying the surface reaction of the cat’s support as
measured while standing erect on its four legs, at rest.
Locomotor balance recovery was determined using the
rotating beam test, by measuring the maximal performance
(max. P.) of the cat and its locomotion speed regulation
during the postoperative time period. We have compared the
recovery profile and time course of these static (posture)
and dynamic (equilibrium) functions in three groups of
cats. Two experimental groups were treated at daily doses
of 50 mg/kg and 100 mg/kg, respectively. Betahistine
dihydrochloride was given orally until complete recovery of
posturolocomotor functions. One untreated control group
served as the reference. Results showed that postoperative
treatment strongly accelerated the recovery process in both
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.-. treated groups, inducing a time benefit of around 2 weeks
as compared to the controls. Maximum performance of the
cats on the rotating beam as well as locomotion speed
regulation were highly correlated to the postoperative
development of the cat’s support surface, indicating that
compensation of the static vestibulospinal deficits
conditioned the subsequent locomotor balance recovery.
These behavioral data showed that betahistine
dihydrochloride constitutes a useful drug therapy for the
symptomatic treatment of central vestibular disorders in
our animal model of unilateral vestibular lesion.
Improvement of vestibular compensation under betahistine
postoperative treatment, as evidenced here for the posture
and locomotor balance functions, is discussed both in terms
of aspecific effect (histamine-induced increase of the
level of vigilance) or more direct action in the vestibular
nuclei (histamine-induced rebalance of neuronal activitv on
both sides) .
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, Betahistine dihydrochloride in the treatment

A

of vertigo of

f’ peripheral vest~bular origin. A “double-blind

F’/@’ placebo-controlled study.
Source
Journal of Laryngology & Otology. 98(1):37-41, 1984 Jan.

Abstract
A double-blind, cross-over, placebo-controlled study of
betahistine dihydrochloride (I2 mg, t.i.d.) was carried out
in patients with vertigo of peripheral vestibular origin.
Twenty-four patients completed the study, which consisted
of two six-week treatment periods. The patients were
diagnosed as suffering from Meniere’s disease (15
patients) , vertigo due to other (specified) causes (five
patients) , or vertigo of unknown origin (four patients) .
Patients were examined by the investigator at the start of
the study and were re-assessed at three-weekly intervals.
In addition, they recorded the nature, frequency and
severity of their symptoms on diary cards. Both the
incidence and severity of dizziness (the predominant
presenting complaint) were found to be significantly
reduced during betahistlne treatment (p = 0.004) . The
occurrence of nausea and vomiting was also significantly
reduced during betahistine treatment (p = 0.014 and 0.036
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respectively) . There were no statistically significant
differences in the results of audiometric or
vestibulometric tests, or in the severity of tinnitus or
deafness, between the two treatment periods. The overall
comparisons of the two periods made by both the patients
and the investigator were significantly in favour of
betahistine (p less than 0.001). All diagnostic groups
responded favorably to betahistine, confirming the
efficacy of betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwanted signs or
symptoms were reported.
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[Long-term therapy of Meniere’s disease. Comparison of the
effects of betahistine dihydrochloride and
hydrochlorothiazide] . [German]

Source
Fortschritte der Medizin. 100(10) :431-5, 1982 Mar 11.

Abstract
—- During the last few years betahistine-dihydrochloride has

been used extensively in the conservative treatment of M.
Meniere. The question has arisen as to whether
betahistine-dihydrochloride is more effective than
diuretics. The effect of betahistine-dihydrochloride was
compared to that of hydrochlorothiazide on 32 M.
Meniere-patients . The patients were initially kept under
observation for 3 months without medication apart from
symptomatic anti-vertigo agents. The patients were then
assigned to 2 groups each of 16 subjects and received
either 3 X 8 mg betahistine-dihydrochloride or 3 X 25 mg
hydrochlorothiazide for 6 months under double-blind
conditions. Before and during treatment subjective symptoms
such as vertigo, attacks of dizziness, tinnitus, sensation
of blockage in the ear and general well-being were assessed
at 4-weekly intervals. Apart from this the objective
symptoms as measured by pure tone audiograms, Frenzel-test
and electronystagmography were recorded. At the moment
betahistine-dihydrochloride seems to be the drug of choice
for Meniere-patients with a fluctuating auditory threshold.
During the 6 months treatment period an impressive
reduction in the frequency, severity and duration of the
attacks of vertigo as well as an improvement in the general
condition was found in all patients. In contrast the
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diuretic hydrochlorothiazide seemed to show a distinct
therapeutic effect on vertigo and general well-being
principally during the first few months of treatment in
patients with a constant auditory threshold.
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Authors
Fraysse B. Bebear JP. Dubreuil C. Berges C. Dauman R.

Title
Betahistine dihydrochloride versus flunarizine. A
double-blind study on recurrent vertigo with or without
cochlear syndrome typical of Meniere’s disease.

Source
Acts Oto-Laryngologica - Supplement. 490:1-10, 1991.

Abstract
This study was designed to compare the efficacy and safety
of betahistine dihydrochloride and flunarizine. All
patients included in this multicenter, double-blind,
randomized trial showed a specific pattern of vertigo, i.e.
recurrent paroxysmal vertigo with or without the cochlear
symptoms typical of Meniere’s disease. Fifty-five patients
were treated for 2 months (28 in the betahistine group and
27 in the flunarizine group) . Analysis of intra-group
symptom changes demonstrated a greater efficacy for
betahistine. Statistically significant decreases in
duration and severity of attacks, and in the presence of
vegetative symptoms were seen in the betahistine group
after the first and second months of treatment, whereas in
the flunarizine group this was the case only at the end of
the first month of treatment. Furthermore in the
betahistine group, statistically significant decreases
occurred for the other major criteria, including number of
attacks, evidence of vestibular dysfunction, and presence
of cochlear symptoms. Adverse effects were similar to those
reported in previous studies of both products: stomach
pains only with betahistine, and drowsiness, asthenia, and
depression with flunarizine.
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Cullen JR. Hall SJ. Allen RH.

Title
Effect of betahistine dihydrochloride compared with
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cinnarizine on induced vestibular nystagmus.
Source
Clinical Otolaryngology. 14(6):485-7, 1989 Dec.

Abstract
The effect of betahistine compared with cinnarizine on
induced vestibular nystagmus was evaluated using a rotating
chair, in 6 healthy volunteers. The subjects underwent a
slow acceleration followed by a sudden stop.
Electronystagmograph tracings were taken initially as
pretreatment control values, and after betahistine 8 mg
t.i.d. and cinnarizine 15 mg t.i.d. had been taken. The
duration of nystagmus and average eye speed were measured.
No difference was recorded in either parameter between the
pretreatment rotation and that following betahistine (P
greater than 0.05). A significant difference (P less than
0.05) was seen in the duration of nystagmus during initial
acceleration, and in average eye speed following the sudden
stop after treatment with cinnarizine.
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Title
Calcium-entry blockers in the treatment of vestibular
disorders.

Source
Acts Oto-Laryngologica - Supplement. 460:135-42, 1988.

Abstract
Based upon the results of a double-blind study carried out
in a series of 120 patients suffering from vertigo and
objective vestibular symptoms, we made the following
observations during the treatment of vestibular disorders
by means of calcium-entry blockers: Subjective symptoms
regress fairly well during treatment, but no better than
after betahistine-dihydrochloride (BHC) or thietylperazine
therapy (TP) . Objective assessment of the therapeutic
action of calcium antagonists on vestibular dysfunction is
based on the results of the Harmonic Acceleration test,
which was carried out by using a computerized rotatory
chair. The most reliable parameter with respect to the
objective assessment of the experimentally induced
vestibular responses (VOR) is the gain. Our test results
show a progressive decrease in GAIN, indicating a
depressive or inhibitory effect of the calcium antagonist
flunarizine upon the VOR. If we compare these results with
those obtained in the betahistidine- and thiethylperazine
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groups, we cannot confirm the same decline in GAIN within
the latter two groups. A statistical analysis demonstrates
a significant difference between the F-gain on the one
hand, and the BHC gain and TP gain on the other hand.
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Abstract
The effect of betahistine on vestibular nystagmus induced
by means of a torsion swing was tested in 10 subjects. Each
individual received, in a randomized double-blind study, 3
different single oral dosages of betahistine (8, 16 and 32
mg) on 3 different occasions. Electronystagmographic
tracings were taken at different time-intervals after drug
intake . At 3-4 hours after a dose of 8 mg betahistine the
nystagmus duration was reduced by 35%, after 16 mg
betahistine by 48% and after 32 mg betahistine by 59% (mean
values) . All these differences in dose-response are highly
significant (P less than 0.0005) . It can be concluded from
these results, that a dose of 3 X 8 mg or 3 X 16 mg
betahistine daily will be efficacious in maintenance
treatment of vertigo, and a dose of 3 X 24 mg betahistine
daily will have even more effect.
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Abstract
A double-blind crossover study was carried out in general
practice in 88 patients with peripheral vertigo of unknown
origin to compare the efficacy and tolerance of 12 mg
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betahistine dihydrochloride and 15 mg cinnarizine. Patients
were allocated at random to receive 2 tablets 3-times daily
of one or other drug for 3 consecutive months before being
crossed over to the alternative medication for a further 3
months . Severity of symptoms was assessed at 4-week
intervals using the Clinical Global Impression scale and
patients kept a record in a daily diary of the frequency
and duration of attacks. Details were also recorded of any
side-effects reported. The results were analyzed for 46
patients who completed the 6-month study period. Both drugs
were shown to be equally effective in reducing the duration
and severity of symptoms. Significantly fewer attacks of
vertigo, however, occurred during betahistine therapy.
Side-effects were the most common reason for dropping out
whilst on cinnarizine (9 patients) and were complained of
by 38 patients during the study (16 only when on
betahistine, 19 only on cinnarizine, 3 whilst on both
drugs) . The most frequently reported were drowsiness or
lethargy affecting 16 patients on cinnarizine and 7 on
betahistine .
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Betahistine dihydrochloride in the treatment of
vertigo of peripheral vestibular origin
A doubl~blind placebo-controlled study
by

W. J. OOSTERVELD (Amsterdq The Netherlands)

Introduction

Betahistine dihydrochloride ( SercR)* is an histamine analogue which has been
show in sever~ placewcontrolled doubleblind studie$ to be safe and effective

_irelieving the symptoms of patients suffering fkom Meniere’s disease (Hicks
_- -L,1967; Wolfson et a~,1967;Frew and Meno~ 1976; Wilmot and Meno~

/6). The efficacy of betahistine in this condition is believed to be due to its
proven ability to improve the microcirculation of the inner ear (Kubicek and
Anderso~ 1967; Martineq 1972).

The present study was designed to examine the etllcacy of betahistine in
patients with different types of peripheral vestibular vertigo. A recently reporte~
Placebocontrolled study of betahistine in patients with vertigo of peripheral
origin witiout established cause, provides preliminary evidence of the efficacy of
betahistine in tiese patients (Canty etaL,1981).

The study was carried out between March 1978 and May 1981 in the Ear,
Nose and Throat Depafiment of tie Wilhelmina Gasthuis, Amsterd~ The
Netherlands.

Materials and Methods

patientpopulation
Male or female patients under 70 years of
age, who had been suffering from peripheral
vertigo( according to the criteria of Kane and
Stion& 1957) for at least two months were
eli~”blefor the study. Patients were excluded
from the study if their vertigo was considered
to be due to infections of the middle-ear or
sinuses, to be of ocular, central or psychic
ongiw or to be caused by cervical
spondylosis or intemd disorders. Also
excluded were patients stiering from
bronchial asthma or peptic ulcer, because of

:=— I hkaminergic properties of betahistine.
orrned consent was received from all

patients prior to entry into the study.

Studydesign

The study was carried out according to a
doubleblincl cross-over design. There were
two six-week treatment periods. One group
of patients received one tablet of 12 mg
betahistine three times daily during the first
treatment period and matching placebo
tablets three times daily during the secon~
while the other group received the two
treatments in the reverse order.

Observations and measurements
Prior to entry into the study all patients

received a thorough clinical examinatio~
including disease history and laboratory
tests, and underwent a battery of vestibulo

Reprinted with permission
through the COPYfi@~
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metric tests (using electronystagmography)
and audiometry. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, other specified types of
peripheral vertigo, or peripheral vertigo of
unknown origin. The diagnosis of Meniere’s
disease was reserved for patients with a
combination of paroxysmal vertigo, tinnitus
and varying hearing 10SSwith demonstrable
recruitment on audiometric testing

During the study period patients were
given diary cards on which they were asked
to record each day the nature, frequency and
seventy of their vertiginous complaints. At
the end of each six-week treatment period the
patients returned to the out-patient clinic and
were questioned by the investigator on the
overall status of their complaints during the
previous six weeks. The following items were
rated at these visits using a numerical scoring
system

Item

1. Interference of vertigo with daiiy activities

2. Severity of deafness
3. Severity of tinnitus }
4. Character of deafness
5. Character of tinnitus }

Vestibulometry and audiometry were also
repeated at the end of each treatment peri@
at the end of the study, the investigator
compared the results of the tests performed
at the end of week six with those from week
12.

At the end of the study both the
investigator and the patient were asked to
compare the overall condition of the patient’s
vertigo during the two treatment periods by
choosing one of the following statements

—no difference between periods.
— last period slightly better.
—last period much better.
—first period slightly better.
—first period much better.

Results

Twenty-seven patients entered the study,
three of whom failed to complete the full 12
weeks (see Table I). The results in these
three patients have been excluded from the
statistical analysis of efllcacy. Of the
remaiting 24 patients, 11 received placebo
treatment first and 13 received betahistine
firs~ The pretreatment comparability of
the two groups was go@ both with respect
to demographic data and the results of
the various pre-treatment assessments
[Table II).

Data on the e~cacy of the two treatments
were derived from two sources the patient
diary card$ and the assessments at the
end of each treatment period. Adequately
completed diary cards are available for 15 of
the 24 patients included in the analysis. The
data on these cards (Table III) reveal that
statistically, both the incidence and severity

Rating

Minimally or incidentally hamperedat
times unable to work or carry out more
diflicult activities/seriously limited in
work or activities.

Mild/moderate/severe.

Continuous constantiintermittenti
continuous fluctuating.

Dfdizziness were significantly lower during
betahistine treatment than during placebo
‘p= 0.004).The occurrence of nausea and
vomiting was also significantly reduced
during betahistine treatment(p=0.014 and
0,036 respectively).

These results are supported by the results
of the investigator’s assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vefiigo
had interfered less with the patients’
activities of daily life during the betahistine
treatment period than during the placebo
period (p= 0.035, Table IV).

The seventy of timitus decreased in three
patients during the betahistine treatment ,
pericd and in one patient during the placebo I
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TABLE1
PAlTENTS FAILSNG TO COMPLETE THE STUDY

—

Patient no. Time of leaving study Treatment Reason

2751 After week six Placebo unknown
2752 Week one Placebo Refused c~operation
2753 Week one Betahisdne Took other antivertiginous medication

period. The severity of deafness decreased in
one patient during the placebo period.

Consideration of the objective data (from
vestibulometry and audiometry) revealed no
significant differences between the two
treatments.

Statistically, the overall comparisons of
the patient’s vertigo during the two treat-
ments made by both the patients and the
@q~~tor (T’able V) were Sjgniflcantly h
= ‘w of betahistine(p = 0.001). While all
& .PS of patients responded favorably
to betahistine treatment the response of
the non-Meniere patients was, in the
investigator’s opinio~ more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLEII
PRETREATMENT COMPARABILITY OF TREATMENT

GROUPS

Placebo Betahistin&
Variable Betahistine Placebo

group group

Number (excluding dropouts) 12(11) 15(13)
Sex Male 7

Female 5 :
Diagnosis Meniere’s disease 6 12
Other

Meni6re’s syndrome* 2–
Paroxysmal vertigo I–
Dead labyrinth (r) — 1
Chronic dizziness I

unknown < I
Electmny~gm_hy

Spontaneous nystagrnus 7 12
Poaidowindu@ 7 11

AJ@ome@.
. WC40sSe abooslrlal 10 14

@CCk with recruitment 6 12

● Nti futtilling all criteriafor Meniere’s disease see
_&@SWS ad Methods

reported by the patients or observed by the
investigator.

Dkussion

The results of the present study confirm
the finding of Canty et al (1981) that the
effectiveness of betahistine in treating
vertigo of peripheral vestibular origin is not
restricted to patients with a diagnosis of
Meniere’s disease.

Audiometric and vestibulometric measure
ments were made, principally to confirm
diagnosis, and no significant improvements
andor differences between treatment
periods were expected orobserved.

The main presenting symptom for all
patients in the study was dizziness. There
was statistically a highlysignificant
reduction in both the incidence andseverity
of dizziness during betahistine treatment and
this improvement was accompanied by a
reduction in the incidence of nausea and
vomiting,

Statistically, the overall comparisons
made between the two treatments were also
highly significantly in favour of betahistine.
The positive response of the patients not
diagnosed as suffering from Meniere’s
disease confirms the eflicacy of betahistine
in the symptomatic treatment of other types
of peripheral vestibular vertigo.

These results show betahistine treatment
to be useful in treating dizziness of
unspecified peripheral vestibular origin It is
possible that an even more impressive
response would be achieved with a higher
daily dose of betahistine (author’s opinion).

Summary

A double-blin~ cross-over, placebo-
controlled study of betahistine dihydr~
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TABLEIII
DATA FROM THE PATIENT DIARY CARDS (15 PATSENTS)

Variable Placebo period Betahistirre period P

Number days with dizziness 9.1 5.9 0.004
Total dizziness seventy score* 19,1 10.7 0.C04
Total duration of dizziness (h) t 12.8 7.8 0.012
Number days with nausea 5.2 3.7 0.014
Number days witi vomiting 3.5 1.9 0.036

● Severity scored as mild (I), moderate (2) or severe (3).
f n= 13.

TABLE IV

lNTER~RENCE OF VERTIGO WITH ACTIVITIESOF DAILY LIFE (RATED BY THE INVESTIGATORAT THE END OF EACH

TREATMENTPERIOD AND COMPARED RETROSPECTIVELY)

Diagnosis Menibre’s disease Other/unknown Total

Less on betahistine treatment 7 5 12
Less on placebo treatment 2 1 3
No difference 6 3
pvalue 0.18 0.22 :.035

TABLEV
OVERALL COMPARISON OF TREATMENT PERIODS

Investigators opinion Patient’s opinion

Judgement Meniere’s Otier/ Merriere”s Other/
disease unknown All disease unknown All

Betahistine much better 4 5 9 6 6 12
Betahistine slightly better 6 4 10 4 3 7
No difference 1 — I — 1
Placebo slightly better 4 — 4 : — 3
Placebo much better 1
pvalue &M8 &M6 &Ol 0,059 &06 ;.001

pvalue Meniere’s disease VI othdrmknown (Investigator’s opinion): 0.06.
pvalue Menke’s disease vs other/unknown (Patienfs opinion) 0.10.
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chloride (12 mg, t id.) was carried out in
patienta with vertigo of peripheral vestibular
origirLTwenty-four patients completed the
study, which consisted of two six-week treat-
ment periods. The patients were diagnosed
as suffering from Meniere’s disease (15
patients), vertigo due to other (specified)
causes (five patients), or vertigo of unknown
origin (four patients). Patients were
examined by the investigator at the start of
the study and were re-assessed at three
weekly intervals. In additio~ they recorded
the nature, frequency and severity of their
symptoms on diary cards. Both the incidence
and severity of dizziness (the predominant
presenting complaint) were found to be
significantly reduced during betahistine

treatment (p = 0.004).
The occurrence of nausea and vomiting

was also significantly reduced during
betahistine treatment(p=0.014 and 0.036
respective]y). There were no statistically
significant differences in the results of
audiometric or vestibulometric tests, or in
the severity of tinnitus or deafness, between
the two treatment periods. The overall
comparisons of the two periods made by both
the patients and the investigator were signifii
cantly in favour of betahistine (jKO.001 ).
All diagnostic groups responded favorably
to betahistine, conl%rning the efficacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwaqted
signs or symptoms were reported
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Effect of betahistine dihydrocldoride on induced vestibular nystagrnux a double bliod
study

The effect of betahistine on vestibular nystagmus induced by means of a torsion

-_
swing was tested in 10 subjects. Each individual rezeived, in a randomized double-
blind study, 3 different single oral dosages of betahistine (8, 16 and 32 mg) on 3
ditTeren[ occasions. Electronystagmographic tracings were taken at different time-
intervals after drug intake. At 3-4 hours after a dose of 8 mg betahktine the
nystagmus duration was reduced by 35°/0, after 16 mg betahistine by 48°/0 and after
32 mg betahistine by 590/. (mean values). All these differences in dose-reqmnse are
highly significant (P< 0.0005). It can he concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efficacious in maintenance treatment of
vertigo, and a dose of 3 x 24 mg betahis(ine daily will have even more etkct.

Keywords betahistine ver[igo treatment vestibular function

In several double blind placebo controlled
clinical studies] -s betahistine has been
proved to be efleetive in the treatment of
patients suffering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
betahistine daily. Clinical obsetwations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daily might be even more
effective in the treatment of these patien[s.
The aim of the present study was to find
objeetive support for this impression.

Vethods
.—-.

“JLUNTEERS

Ten normal subjects, 6 males and 4 females

between 23 and 30 years of age,

● Trade marks: WS-C@,MtaWr&, Vasomotala.

volunteered to participate in the study.

They all had a history free from neuro-
logical and cochleovestibular pathology.
All ofthem received 3 different single oral
doses of betahistine on 3 different
occasions with an inter-test interval of 1
week, The sequence of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IBL-LAR NY ST AGMUS

Vestibular nystagmus was induced by

means of a torsion swing, the oscillations
provoking alternating angular accelera-
tions in the swing and in the subject sitting
on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagmus in
the horizontal plane. This nyst~gmus can

lY1
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be recorded electronystagmographically.
Each time the torsion swing tes[ is repeated
in a subject, the provoked nystagmus will
be the same, if[heini[ial amplitude of the
swing movement is kept constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The most relevant ENG para-
meters are the duration of nystagrnus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
sludy.

During the study, the oscillation time of
the swing was 16 seconds: this time
remained constant at each test point and
the average duration of nystagmus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as I(X)”/O in each individual subject.

The dura[ion of nystagrnus, following
drug administration. was calculated as a
percentage of the pre-treatmen[ duration.
The duration of n!stagmus was measured
before administration of the drug and at +,
1. 2.3.4.6 and 8 h after. This method has
also been used in previous experiments
with o[her drugs.e -8

STATISTICS

The following statistical tests were used:
W’ilcoxon matched-pair signed-rank [est.
and Pearson’s correlation coefficient, A
two-tailed P-talue of less than 0.05 was
regarded as being statistical]} significant,

Results

Ten volunteers receifed a single oral dose
of betahistine (8. 16 or 32 mg) in a
randomized and double-blind fashion, on 3
difi’erent occasions with an inter-test inter-
val of 1 week. The absolute values of the
duration of nystagmus at the onset of each
investigation are listed in Table 1.

It is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7% for all
subjects. Table 1 revealed no significant
differences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced b}
the 3 difTerent dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This

shows that betahistine significantly reduces
the duration of nystagmus when given in
doses of 8 mg, 16 mg and 32 mg
(P< 0.0005) and that the higher the dose
the more marked is the reduction in the
duration of the nystagmus (again
P< O.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the
duration of nystagmus at the 3 difTerent
doses were listed and also the time (t~.l)
af[er administration of the drug at which
these Iowes[ values occurred. By sub-
tracting the lowest value from the baseline
value ( = 100°/0) the maxima] reduction of
the nystagmus duration, induced by the 3
different doses in the 10 subjects. could be
determined (see Table 2).

The results showed that 16mg
betahis[ine was more eflec[ive (P E 0.0005)
in reducing the nystagmus duration (mean
reduction 48?/0) than 8 mg betahistine
(mean reduction 350/0). Further. 32 mg
becahistine was more eflective (P< 0.0005)
(mean reduction 590/.) than 16 mg
betahistine,

The time-intenal between drug intake

and the maximal effect (t~aX) was
significantly shorter (P < 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg belahistine, The t-, between the

dosage of 16 and 32 mg betahistine
(Table 2) was not significantly ditTerent.

The reduction of the duration of
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Table 1. Nystagrnus duration on torsion swing tesl before bctahisttne (blank values)

Duralion oj rr.vstagmusrsI

Test suhjec! 8 mg 16 mg 3? mg Mean SEM
[ 9.5[ 9.59 9.61 9.57 003
> 9.45 9.47 9.43 9.45 0.01
i 10.[1 9.98 10.2I [010 0.07
4 9.63 9.61 9.57 9.60 0.02
5 9.67 9.62 9.63 9.64 0.02
6 9.58 9.63 9,56 9.59 0.02
7 10.05 9.95 10.03 10.0[ 0.03
a 9.38 9.43 9.39 9.40 0.02
9 9.84 9.81 9,78 9.81 0.02

10 10.39 10.37 10,41 10.39 0.01

Mean 9.76 9.75 9,76 — —
S d. 0.34 0.29 0.33 — —

SEM 0.11 0.09 0.10 —

% ● .

r I I I .L~
;I 3 4 5 6 8

I-burs offer drug intake

Figure 1. Reduction of rrys~agmus duration caused by 3 different single oral dosages of betahistine with respec! to
time m 10 volunteers (mean values i s.d ). n = 10. * = P< O.05. ●* = P<Q~5. ● —–0 = S mg: 0----O =
16mg. A—A = 32mg

Table 2. The maximal reduc!icm of the duration of nysta~us and the time this maximal effect
occurred after drug intake

1
8 mg he[ahufine 16 m~ Ire[ahj.$rinc 3? mg he!ahisfme

[Ma, 1rcducrmn “, reduction ~,( reducrmtr

Sulyecl (h ( O,e, (h, I % 1 ihj i ‘,0 /

I 3 38 4 47 4 55
? 4 41 4 53 4 57

: 3 41 &4 46 4 61
4 3 31 4 44 4 63
> ~ 33 4 50 3 62

6 ~ 34 4 ~> 4 59
? 3 ~j 4 5(I 4 58

8 3 37 4 51 4 62
9 3 34 4 46 4 58

— 10 34 31 4 48 3-. 56

Mean 3,2 35” 4 .0+ 48 3X+ 59”

s.d O.1 3.8 Q~ 29 04 2,8

SEM o. I 1,~ 0.05 0.9 0.1 0.9

“ W’ilcoxon P <0 cMOS.compard wmh reducing propertm of 16 mg betahlstine
t Wilcoxon P <0.005. compared with lW, after 8 mg betahlstine

I

I

[
I

!
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(log0rRm7c scale)

Figure 2. A log dose-response (LDR) curve. The
horizontal axis shows the dose on a logarithmic
scale. Ttse curve shows the relationship between (he
dose and the percentage of the maximal response
induced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
part in the middle (see Figure 2). The ED50
is the dose which causes 50°/0 -of the
maximal efkct.

Semi-logarithmic curve fitting of all 30
test-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal efTect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

$ L,; ; 1 I I J
16 32 64 128

Oose[mg)

Figure 3. The mammal effect of 3 different singte oral
doses of betahistine on nystagrnus duration in 10
volunteers a part of the log dose-response curve.

n=l O; y=a+b In x: (a =-0.37, b= 17.2);
r = 0.95; f c 0.rX)5.

dosage over 32 mg (P< 0.0005). These
results are shown in Figure 3.

Discussion

Vestibular nystagmus induced by means of

a torsion swing, proved to be an excellen [
objective method of studying the effect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-
cing this duration (up to 630/0 reduction in
this study). All 3 doses of betahistine had
a clear eflect on the duration of nystagmus.
but the single dose of 32 mg betahistine
proved to be more etTective than 16 mg
betahistine, the latter dose being in turn
more effective than 8 mg betahistine. The
nystagmus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal effect occurred 3-4 h

after drug intake. The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg
betahistine daily will be efficacious in the
maintenance treatment of vertigo, but that
a dosage of 3 x 24 mg betahistine dai}y wil]
have even more effect. It is unlikely tha[
the maximal eflect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.

A comparison with the results from
previous experiments -s indicates that the
eflect of 8 mg betahistine on reduction of
nystagmus duration is similar to that of the
antihistamines meclozine, chlorcyclizine,
cinnanzine (15 and 45 mg) and flunarizine
(10 and 30 mg). Betahistine, however. has
no sedating properties. The etTects of 16
and 32 mg betahistine are more
pronounced than those of the anti-
histamines.
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Effect of betahistinedihydroehlorideorIiodueedvestibularnystagmuwa doubleblind
study

The effect of betahistine on vestibular nystagrnus induced by means of a torsion

–-= swing was tested in 10 subjects. Each individual received. in a randomized double-
blind study, 3 different single oral dosages of betahistine (8, 16 and 32 mg) on 3
different occasions. Electronys(agmographic tracings were taken at different time-
intervals after drug intake. At 34 hours after a dose of 8 mg betahistine the
nystagrnus duration was redueed by 35°/0, after 16 mg betahistine by 48°/0 and after
32 mg betahistine by 59% (mean values). All these differences in dose-response are
highly significant (P< 0.0005). It can be concluded from these results, that a dose of
3 x 8 mg or 3 x 16 mg betahistine daily will be efficacious in maintenance treatment of
vertigo. and a dose of 3 x 24 mg betahistine daily will have even more etTect.

Keywords berahistine vertigo treatment vestibular function

In several double blind placebo controlled
clinical studies’ -s betahistine has been
proved [o be etlxtive in the treatment of
patients suflering from episodes of
peripheral vertigo, such as are present in
Meniere’s disease. The doses used in these
studies ranged from 24 to 48 mg
be[ahistine daily. Clinical obsetwations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daily might be even more
emective in the treatment of these patients.
The aim of the present study was LO find
objective support for [his impression.

Methods
—-=,.—

“)LLJNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

● Trade marks: SCr&, Betaser&, Vasomotale.

volunteered to participate in the study.
They all had a history free from neuro-
logical and cochleovestibular pathology.
All of them received 3 different single oral
doses of betahistine on 3 different
occasions with an inter-test inteswal of 1
week. The sequenee of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was supplied in individually coded
opaque capsules of identical appearance.

VEST IBULAR !$YSTAGMLS

Vestibular nystagmus was induced by

means of a torsion swing, the oscillations
provoking alternating angular accelera-
tions in the swing and in the subject sitting
on it. These accelerations stimulate the
horizontal semicircular canals of the
vestibular organ, resulting in nystagmus in
the horizontal plane. This nystsgmus em

IY1
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be recorded electronystagmographically.
Each time the torsion swing test is repeated
in a subject, the provoked nysta~us will
be the same. if the initial amplitude of the
swing movement is kept constant.

If a drug known to reduce vestibular
reflexes has been administered, the para-
meters characteristic for the nystagmus will
change. The mo>t relevant ENG para-
meters are the duration of nysta~us, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in [he present
study.

During the study, the oscillation time of
the swing was 16 seconds: this time
remained constant at each test point and
the average duration of nystagmus for each
individual was calculated from 20
measurements at each test point. The
average duration in the torsion swing test
performed before drug administration was
taken as 1000/. in each individual subject.

The duration of nystagmus, following

drug administration, was calculated as a
percentage of the pre-treatment duration.

The duration of n!stagmus was measured
before administration of the drug and at +.
I. 2. 3.4.6 and 8 h after, This method has
also been used in previous experiments
with o[her drugs. d-8

STATISTICS

The following statistical tests were used:
W’ilcoxon ma[ched-pair signed-rank test.
and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being sta[isticall> significant.

Results

Ten volunteers receiled a single oral dose
of betahistine (8, 16 or 32 mg) in a
randomized and double-blind fashion. on 3
diflerent occasions with an inter-test inter-
val of 1 week. The absolu[e values of the
dura{ion of nystagmus at the onset of each
investigation are listed in Table 1,

It is clear that the 3 values before

administration of the drug for each subject
are very similar, the standard error of the
mean (SEM) is less than 0.7?40 for all
subjects. Table I revealed no significant
differences in the absolute values of the
nystagmus duration at the onset of the
investigation.

TIME-INTENSITY

The mean courses of the duration of
nystagmus with respect to time, induced by
the 3 diflerent dosages of betahistine in the
10 volunteers, are plotted in Figure 1. This
shows that betahistine significantly reduces
the duration of nystagmus when given in
doses of 8 mg, 16 mg and 32mg
(?< 0.0005)and that the higher the dose
the more marked k the reduction in the
duration of the nystagmus (again
P< O.0005).

DOSE-RESPONSE

For each volunteer the lowest values of the
duration of nystagmus at the 3 diflerent
doses were listed and also the time (t~,,)
after administration of the drug at which
these lowest values occurred, By sub-
tracting the lowest value from the baseline
value ( = 100°/0) the maximal reduction of
the nystagmus duration, induced by the 3
different doses in the 10 subjects. could be
determined (see Table 2).

The results showed that 16mg
betahistine was more eflective (P< 0.0005)
in reducing the nys[agmus duration (mean
reduction 48?4) than 8 mg betahistine
(mean reduction 35?4). Further. 32 mg
betahistine was more effective (P< 0.0005)
(mean reduc~ion 59°/0) than 16mg
betahistine.

The time-inter~al between drug intake
and the maximal effect (t_) was
significantly shorter (P < 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg be[ahistine, The tm, between the
dosage of 16 and 32 mg betahistine
(Table 2) was no~ significantly diflerent.

The reduction of the duration of
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Table 1. Nystagrnus durat]on on torsion swing test before betahistine (blank values)

Te.wwhjer-i
1
2
3
4
s
6
7
8
9

10

Mean
Sd.
SEM

Duro[ion o~n~sragmus/s )

8 mg 16 mg 32 mg
9.51 9.59 9.61
9.45 9.41 9,43

10.[1 9.98 10.21
9.63 9.61 9.57
9.67 9.62 9.63
9.58 9.63 9.56

10.05 9.95 10.03
9.38 9.43 9.39
9.84 9.81 9.78

10.39 10.37 10.41

9.76 9.75 9.76
0..34 o,~9 0.33
0.11 009 0.1o

Mron SEM
9.57 0.03
9.45 0.01

10.10 0.07
9.60 0.02
9.64 0.02
9.59 0.02

10.01 0.03
9.40 0.02
9.81 0,02

10.39 0.01
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Figure 1. Reduction of rrystagmus duration caused by 3 differen[ single oral dosages of betahistme with respect to
time m 10 volunteers [mean values t s.d. ) n = 10. ● = P< O.05. ● * = p cO.0005. ●—–0 = 8 mg: O----C =
16mg. A-A = ~~mg

Table 2. The max]mal reductmn of the durat;on of nystagmus and the ume this maximal effect
occurred afler drug intake

9
8 mg he[ohixtore 16 mg be:uhl.c[ine 32 mg befoh!s[rne

[ Ircducrmn ~, reduction -Xf reducr)on
Sldyer! “[h (0<,, /h/ t 0/01 [h) i 0,0 /

I 3 38 4 47 4 55
-1 4 41 4 53 4 57

i 3 41 34 46 4 61

4 3 <1 4 44 4 63
~ 3 33 4 so 3 62

6 7 .M 4 45 4 59
1 3 ~~ 4 50 4 58
8 3 37 4 51 4 62
9 3 34 4 46 4

.—-=._
58

[u 34 31 4 48 3 56

Mean 3,? 35” 4.0+ 48 3 St 599

sd 0.3 3.8 o~ 29 04 28
SEM 01 1.2 0.05 0.9 0,1 09

I

● W’ilcoxon P <00005. compared wilh reduesng properties of 16 mg be!ahlstine
t W’ilcoxon P <0.005. compared wjth t-, afler S mg betahmtine



I34 W. J. 00 STERVELD

100

80F

H
: 60

i
. . --------------------

z 40
Q

/ED 50
20

Lx! I I
0.2 1,0 5 25 125

(lfxymlKmYc scale]

Figure 2. A log dose-response (LDR) curve. The
horizontal axis shows the dose on a IogariIhmic
scale. The curve shows the relationship between the
dose and the percentage of the maximal response
reduced by this dose.

nystagmus was plotted in a log dose-
response curve. A log dose-response (LDR)
curve is an S-shaped curve with a linear
part in the middle (see Figure 2). The ED50
is the dose which causes 50°/0 -of the
maximal etkct.

Semi-logarithmic cuwe fitting of all 30
test-values (see Table 2), revealed a high
correlation (r = 0.95) between these test-
values. Therefore these test-values must be
on the linear part of the LDR curve and
the maximal effect on reduction of
nys[agmus duration induced by a single
dose of betahistine must be reached at a

~ 30

lillll

L

z
5 20~
s
% 10
u
..Q

‘4 8 16 32 64 128
Dose [mq)

Figure 3. llse mammal efiea of 3 difkrent single oral
doses of be!ahistme on nystagmus duration in 10
volunteers a part of the log dose-response curve.
n= IO; y=a+b In x“ (a=- O.37, b= 17.2);
r = 0.95; P <0.005.

dosage over 32 mg (P K 0.0005). These
results are shown in Figure 3.

Discussion

Vestibular nystagmus induced by means of
a torsion swing, proved to be an excellent
objective method of studying the etTect of
different doses of betahistine on the
duration of nystagmus in humans. The
present study has demonstrated that
betahistine is undoubtedly potent in redu-
cing this duration (up to 63°/0 reduction in
this study). All 3 doses of betahistine had
a clear effect on the duration of nystagmus.
but the single dose of 32 mg betahistine
proved to be more effective than 16 mg
betahistine, the latter dose being in turn
more efkctive than 8 mg betahistine. The
nystagmus duration reducing properties of
the 3 dosages lie on the linear part of the
log dose-response curve (see Figure 3),
therefore the maximal effect of betahistine
on nystagmus duration can be expected to
occur following a single dose of over 32 mg
and this maximal effect owurred 34 h
after drug intake. The volunteers reported
no side-effects. From these results it can be
concluded that 3 x 8 mg or 3 x 16 mg
betahistine daily will be efficacious in the
maintenanw treatment of vertigo, but that
a dosage of 3 x 24 mg betahistine daily will
have even more effect. It is unlikely that
the maximal effect of betahistine on vertigo
is reached at a dosage of 3 x 24 mg daily.

A comparison with the results from
previous experiments 6-6 indicates that the

effect of 8 mg betahistine on reduction of

nystagrnus duration is similar to that of the
antihistamines meclozine, chlorcyclizine,
cinnarizine (I5 and 45 mg) and flunarizine
(10 and 30 mg). Betahistine, however, has
no sedating properties. The effects of 16
and 32 mg betahistine are more
pronounced than those of the anti-
histamines.
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BISMUT H CITRATE

B. Chemical Name:

.—=

C. Common Name:

Bkmuthi et Ammonii Citras

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(Results) (Sjwcifications)
Bismuth oxide content on dry basis 57.3% 55.0-59.0%

E. Information about how the ingredient is supplied:

A white, amorphous or micro-crystalline powder, odorless and tasteless, and permanent in
the air.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Hopkins, R. J. Current FDA-approved treatments for Helicobacter pylori and the FDA
approval process. Gastroenterology, 1997; 113(6Suppl): S126-130.

Stanescu, A., Mayer, D., and Gabard, B. Helicobacter pylori eradication therapy with
bismuth citrateknoxycillin combination therapy. Leber, Magen, Dam, 1996; 26(l): 32-
36.

Tillm~ L. A., Drake, F,M., and Dixoq J. S. Review article: safety of bismuth in the
treatment of gastrointestinal diseases. Alimentary Pharmacolo~ & Therapeutics, 1996;
10(4): 459-467.



—=s H. Information about dosage forms used:

Tablets

I. Information about strength:

120 mg 2 tablets-3 times a day/ or Ranitidine bismuth citrate (RBC) 200,400, 800mg bid.

J. Information about route of administration:

Orally

K Stability data:

Melts at decomposition or with mineral acids
Stable

L. Formulations:

Bismuth Subnitrate ................ loogms
Citric Acid...............................7ogms
Distilled water, a significant quantity

*See file for compounding formulation*

M. Miscellaneous Information:

Page -2-
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OUALI TY CONTROL REPORT

CNEMICALNAME.: BISMUTH CITRATE

MANUFACTUW LOT NO. :97235018

PHYSICAL TEST

SPECIFICATION TEST STANDARD.:USP_/BP_/_cK_/NF_/MART ._/CO. SPECS._.

l)DESCRIPTION .:
WHITE CRYSTALLINE POWDER.IS ODORLESS.

2)SOLUBILITY.:
SOLUBLE IN AMMONIA OR ALKALI CITRATES; INSOLUBLE IN WATER;SLIGHTLY
SOLUBLE IN ALCOHOL.

K
3)MELTING POINT,:

MELTS AT DECOMPOSITION OR WITH MINERAL ACIDS.
—.--——

4)SPECIFIC GRA%CtTY. :

5)IDENTIFICATION. :
A)A SOLUTION RESPONDS TO THE TESTS FOR BISMUTH AND CITRATE.

PASSES. :

COMMENTS .:

ANALYSTSIGNATURE. :

FAILS.:

DATE,:

PREPACKTEST.: DATE.: INITIAL.:

RETEST.: DATE. : INITIAL. :

_-



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA

“id 5/92- 7/92

Sigma Aldrich
For Emergency Contact USA\Canada 800-325-5832 800-231-8327

Outside USA\Canada 314-771-5765 414-273-3850

tio Structure

------------ ------ IDENTIFICATION ------ ------ ------ -

PRODUCT #: B1654 NAME: BISMUTH CITRATE
CAS #: 813-93-4
MF: C18H15BI021

------------------ TOXICITY HAZARDS ------ ------ ------ -

DATA NOT AVAILABLE
------------------ HEALTH HAZARD DATA ----- ------ ----- -

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRITATION.
REPEATED EXPOSURE CAN CAUSE:
DAMAGE TO THE KIDNEYS
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED .

CHRONIC EFFECTS
SYMPTOMS OF CHRONIC BISMUTH TOXICITY IN HUMANS CONSISTS OF DECREASED
APPETITE, WEAKNESS, RHEUMATIC PAIN, DIARRHEA, FEVER, METAL LINE ON
THE GUMS, FOUL BREATHE, GINGIVITIS AND DERMATITIS. JAUNDICE AND
CONJUNCTIVAL HEMORRHAGE ARE RARE, BUT HAVE BEEN REPORTED. BISmTH
NEPHROPATHY WITH PROTEINURIA MAY OCCUR. THE KIDNEY IS THE SITE OF
HIGHEST CONCENTRATION WITH THE LIVER BEING CONSIDERABLY LOWER.
BISMUTH DOES PASS INTO THE AMNIOTIC FLUID AND INTO THE FETUS.



FIRST AID
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER
FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND
SHOES. CALL A PHYSICIAN.

.—.. IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER
FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING
THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.
CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL

RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.
-------------------- PHYSICAL DATA ------ ----- ----- ----

SPECIFIC GRAVITY: 3.458
VOLUBILITY: AMMONIA SOLUTION: SOLUBLE WATER-SLIGHTLY SOLUBLE

APPEARANCE AND ODOR
SOLID.

------------ FIRE AND EXPLOSION HAZARD DATA ----- ----- -

EXTINGUISHING MEDIA
WATER SPRAY.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO

PREVENT CONTACT WITH SKIN AND EYES.
------------------- REACTIVITY DATA ------ ----- ----- ---

STABILITY ~
<STABLE. ‘<

CONDITIONS TO AVOID
MAY DISCOLOR ON EXPOSURE TO LIGHT.

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES ------ ----- ---

S-’PS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.

WASTE DISPOSAL METHOD
DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.

--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
WEAR APPROPRIATE NIOSH]MSHA-APPROVED RESPIRATOR, CHEMICAL-RESISTANT
GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
MECHANICAL EXHAUST REQUIRED.
AVOID BREATHING DUST.
IRRITATING TO EYES AND SKIN.
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF
WATER AND SEEK MEDICAL ADVICE.
WEAR SUITABLE PROTECTIVE CLOTHING.
TARGET ORGAN(S):
KIDNEYS
KEEP CONTAINER CLOSED. USE WITH ADEQUATE VENTILATION.

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM CONTACT WITH THE
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR ADDITIONAL
-_17~s AND cONDITIONS OF SALE
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‘,, . BENZINUM. i,.,;,.,,,.. - BENZIN..
,;; ~ETROLEUM BENZIN. ~OLEKJM ETHER.]

2’ ‘~
‘.5: A purided distillate from American petroleum, consisting of;!;:!’,. oarbons} chiefly of the marsh-gas seri~ [C6HW CJIIW md hom(
$.”: ‘ compounds]., 4

.,. . Benzin should be carefullykept in well-stoppered bottles or ti}:... ‘
in a cool place, remote @m lights or dra

.::,
~.!,’.’~: f
“? ‘ ‘(
,7,(“:;, A tmnaparen~,colorless,difliwiveliquid,ofa strong,chamcte~
.“’ diehtlvreeemblumthatofmmlem, butmuch Iem~~~ble, ~!

J..’.,,.,

,.::.:.
5!-..

a ~eu+l reaction.-
cgravity:~.670to0.675at15°C.(59°F.).

,,

‘=%F@t ‘w b w c-“2’”b 14”‘“)”Ineolu e m water; eoluble m about 6 parts of alcohol, and rea~:
in ethe~, chloroform, bend, and fixed and volatile oile.

Benzm iE hizhlv inflammable, and its vapor, when mixed wi~; #jf,.
ignited, exploka fiolently. ‘

.

$&, On evaporating Benain from the hand it ehould leaveno odor,an~
omtingit fivm a warmed dieh, it aho~d leave no residue (

i: hydmxxwbona). .
@.’.,,, . .When itisboiledfor a few minutes withone-fourthitsvolumeo~

ammonia anda fewdropeofsilvernitrateT. S., the ammoniacal liqui]$: ‘.“
L

not turn ~rown absence of pyr mow producia and aulphur compouti
~.... If5dropeof nzin be sdde?ta arnixtureof 40 dropeof eulphuri

4:;.. ; dro of nitric acid, in a tesbtube, the liquid warmed for about ten’
ran then eet aside for half an hour, on diluting it, in a shallow ,d

0;
water, it should not evolve the bitter-almond-like odor of nitro-benM

~f; ence tire, and abeence of, bend).

‘/

,.
L,

& ‘

~i
:’.

w“ “’ BENZOINUM. t.‘?.-
BENZOIN.

jj,$~?:: “A balsamic main obtainedfim &yraxBenain Dryander(n
i~~j6%ymcea). ‘d

..,, &orn whitieh teaia irnbedded in it. It is ahnoet wholly tioluble in q~.wf;kp:.~~“, ,,.
f \t;, ,, modemtel warm akohol, and in eolutione of the fixed alkaliee. V

?;$!,” “,’ it gives o~fumesof benmicacicL It has an agreeable, balmmi.od
~:;;{;”:::;: \ eligh~ WOU@iC taate.

1

.;

?$, ‘,?---. Preparations: AdepeBetiinatue.-TincturaBenaoini.Tin-
{~’:timpoeita.
,;,,:,!,:,;,,,‘.,J,,.,.,.“.. . BISMUTHI CITRAS. . ::

f$$ ,.”,;,,, ‘ ‘ ‘ “BiC@,07 = 397.44.
1
)

[.

&~ ‘~: ‘~:Bismuth Subnitrate, - hundred~ammm . . . . . . . . . . . . .’;?.I
kj~~~’”,; Citic Acid, sev~y flamwnea !/l. . . . . . . . ... . . . . . . . . . . . . . . . ...’

&“’ Distilled Water, a @icierd quantity.
‘1
4. ..s

“,, ’..,*&..;-’. .



A w ite, amorphousormicro-crystallinepowder,odorless
_f’andtaatelesa,and ~

pe-%ent intheam.
YlisolubIe m water or alcohol,but .soIuble in ammonia water, and in solutionfl

of the citrates of the alkalies.
When strongly heated, the ealt chare, and, onignition, Ieaves a more or less

bkckened remdue having a yellow sur!hce, ~d mluble in warm nitricacid.
This solution, when drop@ mto water, occamons a whiteturbidity.
A m}utlonof the salt m ammoni? water, when treated with hytigen sul.

‘Yti?%g~g~?&~;k?$~?& by heat of the exceeeof hydrogen
sulphide and cooled, a portion of it, boiled with lime water, yields a white
precipitate.

If another portion of the cooled filtrate be mixed with an equal volume of
concentrated sulphuric acid, and again cooled, no brown orbrownish-black
color should ap ararounda crystal of ferrous sulphate dropped into the liquid

Y@nit of ntirole .
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Uses and Administration continued

colon. A complex of bisikcodyl with tmrnic acid
(bisacodyl twtnex) is generally used in a dose equiv-
alent to 1.5 to 3.0 tog of bisacodyl dissolved in I li-
tre of barium sulphate suspension. The total dose for
one procedure should not exceed 4,5 mg of bisa-
codyl and no more than 6 mg should be adminis-
tered in 72 hours.

Preparations
Namesof prepamuons are listed below: details me gkven in Part 3.

Official Preparations
BP /993: Bisacodyl Supposimriex Bisaccdyl Tablets:
USP ?3: Bis~codyl SuppmNories; Bisacodyl Tabkrs

Proprietary Prepamtfom
Au.w.:Dtdcoiax: Laxbenc; AusIraL: Bisalw; Dumlax; Be/q.: DuI-
colax: Purgo-f%h Cunud: Bisacohxt: Dulcolax: Fr: Corrcdax;
Dulcolax: Ger: Agarolenen N: Bi.$co-Zitront: Dnx: Drdcolax:
Ftorisan N. La.canin N Laxans-ratiopharnrt; Laxkne: L&benc
N: Lmobcml Bis~ tmgomed .Abfiihr-Dragcex Mandro[ax: MultI-
lax+; NedalxcT; Pyrilax; Sradalaxt: rempolax: Wtco-A.bffkhrpr-
Ien: ital.. Alaxa: Duicolax: Normalene; Neth.: Dulcolax:
Nourdaat; Toilax+: ZwI@aa/?4: IVOW.:Duicokax:Toilax; S.Afr:
fhpolax: DuIcoIIx: Mcgalax: Perilax+; Spain: DUICO fdxo;
bkdesup Swtd.; Dulcolas: Toils.x;SWIIC:Demolaxin: Dulcolax;
Ercolaa: Li.sbcnet: Muxol: Prontokw UK: Drdco-Laa;WA: Bis-
co-Lax; Dulmgcn: Duicolax: Evsc-Q-Kwik Suppositog; Fleet
Bisacodyl: Fteet Lwctivc.

Multi-ingredient preparations. AMr.: Laxbene: Prepacoi;
Purgazen: Purigoa: Au.cfraf.: Coloxyl; Dumlax X-Pack Raykic
Be/y.: Prepacol: Softene; Canad.: Dulcodost; Evac-Q-Kwik:
Royvac Kic Fn: N&A30idohxine; Pilule Dupuis: Pripacol: Gee:
Bekunist; Daiuwal Forte+; Dragccs Duesbcrgt: Mediolax N:
MilkmenAbfiihrdragess;MWArenS$; Potsihx Prepacol; Rcgu-
h[t;Rheolindt: lirgorrt; WC-COV Ital.: Fisiolas; Sjmin: Bekunis
Complex: Boldolaxin: SwifZ.’ Aloinqben; Bekunis; Drix; lirgon;
UK: Nylaa: USA: Duicol&x BOWCIt+Cp Kit: Tridm[e Bowel Evac-
uam KiL X-Prep Bowel Evacmm Kit-l; X-Prep Bowel Evacumt
Kit-2.

Bismuth Compounds 07157.2)

Bismuth compounds have bccrt used for their ant-
acid and astringent properties in a variety of gaa-
tro-intestinal disorders, and have been applied
topically in skin dfsorders and anorreetal disordgss
.s@s as haemorrnoids. Cettakm safta, notably tripo-
tassium dictratohismuthate and to a lesser extent
bismuth saiicylate, are used in the treatment of
peptic ulcer. frost of the bismuth compounds in
current use are poorlv sokatsle, wfuch C@USSS&
@city, but excessive or prolonged use may lead;:
bismuth accumulation and toxicitv. inchrdine re-
nal failure, liver damage, and encephalopathy;

Bismuth (5265-w)

Bi = 208.98037.
C/Is — ?440-69-9.

A silvery-white cvstafline brittle metaf wirh a pinkish drrge.

Bismuth Aluminate (SXS.Y)

Bismuth Alummate (USAN).

Aluminum Bismuth Oxide.

Bi2(A120,)1, IOHIO = 952.0.
G-IS — 12284-76-3 (anhydrous blsmudr olummate)
Phormocopoeio% In Fr.

Pmctically iosohsbie in wawr.

Bismuth Citrate (14763-Y)

CAS — 813-93-4.

Prac[icaily insotuble in wafer and in atcohol; soluble in solu-
1< [ tions of~lkali citrates

Bismuth Oxide (5271 p)

Bismuth Tnoxlde.
Bi201 = 466.0.
CAS — 1304 -76-3

Pracocal)y insoluble in warer.

Bismuth Phosphate (I B850-r)

alpo, = 304.0.
C.4S— 10049-01-1.
Phormocopoems. In Fr.

Slightly solubie in water and m dilu[e zcids: pmcucakly insol-
uble m alcohol and in acctlc lcid: soluble in comcenrmred ni-

‘Iii tic wid and in concentrated hydrochloric Kid

Bismuth S.dicyiate (527S-1)

Basic Bismuth Wicylatti Bismuth Oaysalicylace Bismuth Sub-
salicylate (WAN),
CA5 — 14882-18-9.
Pfwrmocopaeias. InFc, Hung.. k., and Nerh.

A bwic SII[ of v~mg composition, corresponding appmXl-
mately to CJt,(OH).CO:(BiO) and conjoining about 58% Of
Bi,

Bismuth Subcarbonate (5279 -.)

Bismuth 5ubcarbonare (USAP4).
tbc Bismuth Carbonate 8aslsches Wismurkarborrac Bimr.
Cat-b.:Bismuth Carbonate: Bismuth O~arbonate: Bismutit
Subcarbonas: Bdsmuwlum Carbomcum; Carbonaro de Bomu-
ola.
CAS — 5892 -10-4 (onhydrous bismuth subcorborrote);
S798-45-8 (bismuth subcarbonote hem(hvdrote).
Pharmocopoelas. In AWL, Be/g., ~., OIin., Cz;, EUC, Fr., GeK, It.
Nerh., and Pm
The srandads of F%,Eur. apply to those countnes rhat are par-
oes to the Convenuon on the Elaboration of a European F%ar-
macopaela, see pxti.

A white or dmosr white odourlms powder.
Pracricatly insoluble in water, in alcohol. and in erhen dis-
solves in mineral tcids with effervescence. Protect from
light.

Bismuth Subgallate (52S0.S)
B!stnuth Subgallate (WAN).
Basic Bismuth Gallate Bastscfws Wismutsallat; Bum. Submil.;
Bismuth Oxygallate B!smurh Subgallas. -
C7H~BIO~ = 394.1.
CAS — 99-26-3.
Pfrarmacopoem. In Fr.. Ger., Hung., )pn,Nedt.. and US.

USP specifies 52 to 57% of BizO, when dried u 105” for 3
hours. It is m odourless amorphous bright yellow powder.
Practically insoluble in water. in dcoboi, in chloroform, in
ether. imd in very dilute minemf ~cib, dissolves readily with
decomposition in warm. moderately dilute hydrochloric, ni-
mc, or sulphuric acids rmdiiy dissolves in solutions of alkali
hydroxides to form a ciew yellow liquid which rapidly be-
comes deep red. Stem in oirright containers. Protect from
light.

Bismuth Subnit~te (SZEI.w)

Basic Bismuth Nitrate Basucks Wismurnitrac 84sm. Sufsmt.;
Bismuth Hydrmode Nktace Choda Bismuth Oxynioate: Bis-
rnuti (Scms-Nkrars de) Loud Bismutii Submrmx Eumuthyl
Nitrate Magmery of Bismuth; Nirrato de Bismuttio Subazom-
to de Bismuto: Whne Bismuth.
Bi$O(OH)?(NOl)+ = 1462.0.
CAS — 1304-85-4.
PharmocopoemsInAust.,G., Fr.,Cer.. Hung., jpn. and US.
Fr. also mdudes Bismuth (Sous-Nmare de) L4ger (Bismutii
Submoas Lews) whrch ISdescribed as a variable mixture of bo.
murh hydroxide,carbonate. and subnnrste.

USP specdies not less rhs 79% of Bi203 ctdculated on dre
dried basis. his a white slightly bygroscopic powder. Practi-
cally insolubk in water and in alcohoi; readily dissolves in
nlrnc and hydrochloric acids.

Bismuth Tannate (I 1269.r)

Practically insoiuble in water, in alcohol. and in elfrer.

Bismuth Tribromphenate 152824
Bismuth Tnbromophenatc Bismutum Tnbromophenyliim:
Brumphenobw Bmmphenoi Bismuth; Xemfornxum.
CAS—5175-83-7.

Slightly soluble m wster, in ~icohoi. in chloroform, and in
vegetable ods.

Tripotassium Dicitratobismuthate [3778-c)

Bismuth Subcwate; Collo,dal Bismuth Subcmate
CAS — 57644-54-9.

Adverse Effects, Treatment, and Pnxau-
tions
The bismuthcompoundslisted obove are insoluble
or very poorly soluble. and bismuth toxicity dots
not cumentiy appew to be common with them if they
are used as they me now for limited periods. How-
ever, excessive or prolonged dosage may produce
symptoms of bismuth poisoning, and for this reason
long-term systemic therapy is not recommended.
Also it should not be forgorten that reversible en-
cephalopathy was once a problem in some countries,

—
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Database: Medline <1966 to present>

Set Search Results
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2 bismuth citrate.tw.
3 efficacy.tw.
4 safety.tw.
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6 2 and 3
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<1>
Unique Identifier
98060676

Authors
Laine L. Estrada R.

Title

3-5,7-8,10
3-4
12-13

Trujillo M. Emami S.

.—-%&..

Randomized comparison of ranitidine bismuth
triple therapies for Helicobacter pylori.

Source

2126
53

108250
44957

115501
11

4
13

6
2
2

citrate-based

American Journal of Gastroenterology. 92(12):2213-5, 1997
Dec.

Abstract
OBJECTIVES: In an attempt to increase the efficacy and
simplicity of FDA-approved regimens for Heli.cobacter
pylori, we studied (1) addition of an inexpensive
antibiotic (amoxici.llin)to twice-daily ranitidi.ne bismuth
citrate (RBC)-clarithromycin dual therapy, and (2)
suDmmm%n——1 of RBC for bismuth subsali.cylate + H2-receptor
antagonist in bismuth-based triple therapy. METHODS:
Subjects with previously untreated Helicobacter pylori
infection documented by 13C-urea breath test plus either
endoscopic biopsy or serology were randomly assigned to a
2-wk course of (1) RBC 400 mg b.i.d., amoxicillin 1 g

b.i.d., and clarit’’romycln 50 . (RAC)I or (2) RBC
400 mg b.i.d., metronidazole 250 mg t.i.d., and
tetracycline 500 mg t.i.d. (RMT). Repeat breath test was

performed 4 wk after the completion of therapy. RESULTS:
Intent-to-treat and per-protocol cure rates for RAC were 46
of 50 patients (92%) and 45 of 47 patients (96%): for RMT
they were 40 of 50 patients (80%) and 37 of 42 patients

.———.
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.4%.,

(88%). Study drugs were stopped due to side effects in
three patients (6%) taking RAC and six patients (12%)
taking RMT. CONCLUSIONS: Twice-daily RBC-based triple
therapy with clarithromycin and amoxi.cilli.n produces
Heli.cobacter pylori eradication rates over 90%, which is
comparable to rates seen with proton pump inhibitor-based
triple therapies. RBC also may be substituted for bismuth
subsali.cylate and an + H2-receptor antagonist in standard
bismuth-based triple therapy.

<2>
Unique Identifier
98056756

Authors
Hopkins RJ.

Title
Current FDA-approved treatments for Helicobacter pylori and
the FDA approval process.

Source
Gastroenterology. 113(6 Suppl):S126-30, 1997 Dec.

Abstract
U.S. Food and Drug Administration (FDA) approval of new
drugs expands treatment options and serves as a “safety
net~~of well-documented efficacy and safety. The
information provided in the package insert facilitates
physician education and provides some assurance that
marketing information i.saccurate. As of February 1997,
three Helicobacter pylori regimes have been FDA-approved
for eradication of H. pylori in infected patients with
active duodenal ulcers. Regimen 1, omeprazole +
clarithromycin (O\C), was supported by two multicenter,
controlled studies with a 6-month follow-up. Eradication
rates were 74% (n = 53; 95% confidence interval [CI],
62-85) and 64% (n = 61; 95% CI, 52-76). Twenty-five of 26
patients with failed eradication therapy who were taking
O\C with clarithromyci.n-susceptible strains before
treatment and who had pretreatment and posttreatment
susceptibility tests performed developed clarithromycin
resistance after treatment. Regimen 2,
.ranitidine-bism~ + clari.thromycin, was supported

L
by two multicenter, ~ lacebo-controlled studies with a
~~uw~ Eradication rates were 84% (n =C19; 95%
CI, 60-96} and 732L-4n = 22; 9~%--C_I~,5O-88).Insufflci.ent_..._—..-.
pretreatment and posttreatment susce~i~flity data were
collected to assess antimicrobial resistance. Regimen 3,
bismuth subsali.cylate + metronidazole + tetracycline + an
H2-receptor antagonist, was supported by two pivotal
literature-based studies. Eradication rates in patients

.-.



Page Number : 3

with duodenal ulcer were 82% (n = 51; 95% CI, 70-92) and
77% (n = 39; 95% CI, 61-89), respectively. When
extrapolating the results of these three FDA-approved
regimens to the clinical setting, particular aspects of the
clinical trial should be kept in mind. These include the
type of controls, primary end points used, population
studied, and number and type of dropouts.

<3>
Unique Identifier
97450491

Authors
Williams MP. Hamilton MR. Sercombe JC. Pounder RE.

Title
Seven-day treatment for Helicobacter pylori infection:
raniti.dinebismuth citrate plus clarithromycin and
tetracycline hydrochloride.

Source
Alimentary Pharmacology & Therapeutics. 11(4):705-10, 1997
Aug.

Abstract
BACKGROUND: Dual therapy with ranitidine bismuth citrate
plus clarithromycin twice daily for 14 days is an effective
regimen for eradicating Helicobacter pylor~ infection. AIM:
To determine whether this regimen can be improved by the
addition of a second antibiotic, tetracycline
hydrochloride, whilst reducing the duration of treatment to
7 days. METHODS: Sixty-one out-patients were enrolled to
thi,sopen treatment study. All had H. pylori infection, as
determined by 13C-urea breath test and, for those
undergoing endoscopy, by rapid urease test. Patients were
treated with raniti.dine bismuth citrate 400 mg.
clarithromycin 500 mg and tetracycline hydrochloride 500 mg
all twice daily for 7 days. Eradication of H. pylori was
assessed by two separate 13C-urea breath tests, the first
28-68 days after the completion of treatment, the second
28-162 days later. H. pylori infection was considered cured
if both tests were negative. RESULTS: All 61 patients were
included in the intention-to-treat efficacy analysis.
Successful eradication of H. pylori was achieved in 55/61
patients (90%; 95% CI; 82-98%). Fifty-nine out of sixty-one
patients reported 100% compliance; one patient missed a
single dose of medication and the other withdrew at 48 h
due to nausea and vomiting. Minor adverse events were
reported by 30/61 patients. CONCLUSION: One-week triple
therapy with ranitidine bismuth citrate, clarithromycin and
tetracycline, all twice daily, is a safe and well-tolerated
regimen which eradicates H. pylori in 90% of infected

_.———..

.-
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patients.

<4>
Unique Identifier
96384043

Authors
Peterson WL. Ciociola AA. Sykes DL. McSorley DJ. Webb
DD .

Title
Ranitidine bismuth citrate plus clarithromycin is effective
for healing duodenal ulcers, eradicating H. pylori and
reducing ulcer recurrence. RBC H. pylori Study Group [see
comments].

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035
Source
Alimentary Pharmacology & Therapeutics. 10(3):251-61, 1996
Jun.

Abstract
AIM: To compare the efficacy of the coadministration of
ranitidine bismuth citrate plus the antibiotic
clarithromycin, with ranitidine bismuth citrate alone or
clarithromycin alone for the healing of duodenal ulcers,
eradication of H. pylori and the reduction of ulcer
recurrence. METHODS: This two-phase, randomized,
double-blind, placebo-controlled, multicentre study
consisted of a 4-week treatment phase followed by a 24-week
post-treatment observation phase. Patients with an active
duodenal ulcer were treated with either raniti.dinebismuth

~citrat~. 400 = b.d. f~r 4 weeks plus clari,thromyclilP5TRlmg
t.d.s. for the first 2’weeks; ranitidine bismuth citrate
400 mg b.d. for 4 weeks plus placebo t.d.s. for first 2
weeks; placebo b.d. for 4 weeks plus clarithromycin 500 mg
t.d.s. for the first 2 weeks; or placebo b.d. for 4 weeks
plus placebo t.d.s. for the first 2 weeks. RESULTS: Ulcer
healing rates after 4 weeks of treatment were highest with
ranitidine bismuth citrate plus clarithromycin (82%)
followed by ranitidine bismuth citrate alone (74%; P =
0.373), clarithromycin alone (73%; P = 0.33) and placebo
(52%; P = 0.007). Ranitidi.ne bismuth citrate plus
clarithromycin provided significantly better ulcer symptom
relief compared with clarithromycin alone or placebo (P <
0.05). The coadministration of ranitidine bismuth citrate
plus clarithromycin resulted in significantly higher H.
pylori eradication rates 4 weeks post-treatment (82%) than
did treatment with either ranitidi,nebismuth citrate alone
(o%; P < 0.001), clarithromycin alone (36%; P = 0.008) or
placebo (O%; P c 0.001). Ulcer recurrence rates 24 weeks

-.+——.... .

+
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post-treatment were lower following treatment with
ranitidine bismuth citrate plus clarithromycin (21%)
compared with ranitidine bismuth citrate alone (86%; P <
0.001), clarithromycin alone (40%; P = 0.062) or placebo
(88%; P = 0.006). All treatments were well tolerated.
CONCLUSIONS: The coadministration of ranitidine bismuth
citrate plus clarithromycin is a simple, well-tolerated and
effective treatment for active H. pylori.-associated
duodenal ulcer disease. This treatment regimen effectively
heals duodenal ulcers, provides effective symptom relief,
eradicates H. pylori infection and reduces the rate of
ulcer recurrence. The eradication of H. pylori infection in
patients with recently healed duodenal ulcers is associated
with a significant reduction in the rate of ulcer
recurrence.

<5>
Unique Identifier
97006475

Authors
Wyeth JW. Pounder RE. Duggan AE. O~Morain CA.
Schaufelberger HD. De Koster EH. Rauws EA. Bardhan KD.
Gilvarry J. Buckley MJ. Gummett PA. Logan RP.

Title
The safety and efficacy of ranitidine bismuth citrate in
combination with antibiotics for the eradication of
Helicobacter pylori.

Source
Alimentary Pharmacology & Therapeutics. 10(4):623-30, 1996
Aug.

Abstract
BACKGROUND: Ranitidine bismuth citrate is a novel salt of
ranitidine and a bismuth citrate complex. It has intrinsic
antisecretory and anti-Helicobacter pylori activity, but
monotherapy rarely eradicates H. pylori infection in man.
AIM: A pilot study to investigate rates of H. pylori
eradi.cati.onachieved by co-prescription of ranitidine
bismuth citrate with antibiotics, and to identify several
regimens which would merit further investigation. METHOD:
One hundred dyspeptic patients infected with H. pylori were
randomly allocated to treat~t._.wfih~atitid~ne bismuth
~i~r~~.13f10.mg b.d. plu~”e-ither amoxycillin, me–t–r~ny-d–a-iole,
cIarithromycin, cefuroxime axetil, tetracycline,
tetracycline plus metronidazole or clarithromyci.n plus
tetracycline for 14 days. Eradication of infection was
assessed using the 13C-urea breath test 4 weeks after the
end of treatment. RESULTS: In a per protocol analysis
eradication of H. pylori ranged between 22 and 100%; the
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intention-to-treat eradication rates ranged between 15 and
92%. No adverse events were specifically attributed to
ranitidine bismuth citrate. CONCLUSION: Co-prescription
therapy, using ranitidine bismuth citrate and one or more
antibiotics, is suitable for further investigation in
large-scale clinical trials in patients infected with H.
pylori.

<6>
Unique Identifier
97004564

Authors

6

Stanescu A. Mayer D. Gabard B. Jest G. Baczako K.
Dragici A. Malfertheiner P.

Title
[Helicobacter pylori eradication therapy with bismuth

4

citrate/amoxycillin combination therapy]. [German]
Source
Leber, Magen, Darm. 26(1):32-6, 1996 Jan.

Abstract
The efficacy of a new combination nre~aration containing
bis!i e and amoxicilli~in~ne tablet was.cgm@_@red
Wh the efficacy of bismuth citrate monotherapy in -a -
ran~ ao.~. ~.skudyan-kh.e.e.radisation of
Helicobacter pylori. The study involved 70 H. pylori
positive (antrum biopsies showing a positive urease test)
patients with non-ulcer dyspepsia and chronic gastritis.
The treatment period was 14 days; 35 patients in group 1
received 2 tablets tid containing the bismuth citrate
amoxicillin combination (BIAM tablet; 250 mg amoxi.cillin

?’l 120 ‘nut’ g

base and 120 mg X~h);,35 patients in grwp 2 .Mere.--.

@’+
treated with 2@ablets)tid containing bismuth citrate (E&

3
eC;-mq bis ). Total daily dose was there~o~e

1500 mg amoxici.llin + 720 m bismuth in gr.~up..lpatients

4
~h *5 resp. _ bismuth in group 2 patients.

—.————--
4 weeks after

L
1° - therapy H. p~ori could not~e hfik-ologically detected in-——

/“’”

~~
the antrum of 22 patients (63%) in group 1 and 8 patients
(24%) in group 2. Thus in group 1 (BIAM) a significantly
higher eradication rate (p < 0.001) was shown than i.ngroup

../”“ 2 (BI). Inflammation characterized by the infiltration of
polymorphonuclear cells was significantly (p < 0.01) less
pronounced in group 1 (BIAM) than in group 2 (BI) 4 weeks
after the end of treatment. Gastrointestinal distress was
quantified by evaluation of 13 different symptoms using a
fourpoints scale at the beginning of the study and after 2
and 6 weeks. Tk.surn_of scores decreased by 81% in group 1
(BIAM) and 71% in group-—2--(BI~after 6 weeks.

———.— —.. ...
__ .—-——---—-.._.-----_— —--,.._ _.__________.___—._—
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<1>
Unique Identifier-.:_.—
97006457

Authors
Tillman LA. Drake FM. Dixon JS.

Title
Wood JR.

6+
Review article: safet f bismuth in the treatment
gastrointestina lseases [see comments]. [Review]
refs ]

2126
53

108250
44957

115501
11
4

13
6
2
2

20813
0

54760
0

of
[60

I Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035-6

Source
Alimentary Pharmacology S Therapeutics. 10(4):459-67, 1996
Aug.

Abstract
Bismuth preparations are commonly used to treat a variety
of gastrointestinal disorders, including peptic ulcers and
dyspepsia. The safety profile of currently-appmv ed bismUth
.preparatian+ trlpotassium dicitrato bismuthate
(De-Nol), bisrn~~~hs~~salicylate (Pepto-Bismol) and
raniti.di.ne bismuth citrate (Pylorid, Trite

.....+ ‘
is excellent.

Adverse reactions...tth .egeege qgents are m.~....,...r~r~
~QienY;;”””a-

..-—._
~--ti.serl~us .adverse reactions are

rare. This, in part, reflects the low systemic
bioavailability of bismuth from these medicines: less than
1% of the bismuth dose administered is absorbed. During

.—=

-.
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repeated dosing with ranitidine bismuth citrate 200, 400
800 mg b.d. trough plasma bismuth concentrations remain
well below 50 micrograms/L. After 4 weeks of treatment
median concentrations of 3.4 micrograms/L or less were
reported amongst 1210 duodenal ulcer patients receiving
this new chemical entity, while mean concentrations of 5.

:2

or

.1
micrograms/L (plasma) aid 12.3 micrograms/L (blood) have
been reported in two studies of patients receiving”
tripotassium dicitrato bismuthate 120 mg q.d.s. for 4
weeks. Transient peak plasma bismuth concentrations greater
than 50 micrograms/L are observed 30-60 min after dosing
with tripotassi.um dicitrato bismuthate in some patients,
but are not associated with any toxic effects. After
discontinuation of treatment with bismuth preparations its
excretion in urine may continue for up to 3 months, by
which time blood bismuth concentrations have declined to
pretreatment values. [References: 60]

<2>

Unique Identifier
95036730

Authors
Pounder RE.

Title_.——-... Treatment of peptic ulcers from now to the millennium.
[Review] [61 refs]

Source
Baillieres Clinical Gastroenterology. 8(2):339-50, 1994
Jun.

Abstract
The present strategies for the management of peptic
ulceration are well tolerated and clinically effective.
Histamine H2-receptor antagonists can be used for mild to
moderate disease, and proton pump inhibitors are of
particular benefit for patients with severe peptic
ulceration and the Zollinger-Ellison syndrome. However,
none of these treatments provides protection against
recurrent ulceration, except when taken as long-term
continuous treatment. Long-term exposure to pharmacological
agents raises problems of safety, particularly relating to
a lack of intragastric acidity. In addition, the
accelerated development of atrophic gastritis in patients
receiving omeprazole requires investigation and assessment.
It is unlikely that there will be any major development in
the area of control of gastric acid secretion, except
perhaps the introduction of specific immunization against
gastrin. However, the clinical benefit of this strategy
awaits assessment. The main area for development must be

.——
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the introduction of convenient and effective regimens for
the eradication of Helicobacter pylori infection. Existing
regimens are either simpler and relatively ineffective, or
too complicated for widespread application. Bearing in mind
the long gestation period of any new drug, it Seems likely
that the only innovative drug that will be introduced for
the management of peptic ulceration before the millennium
will be ranitidine bismuth citrate, an antisecretory
anti-H. pylori drug that will usually be used in
combination with an antibiotic. [References: 61]
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Database: Medline <1966 to present>

Set Search Results
-------------------------------------------------------------

1 exp bismuth/ 2126

2 bismuth citrate.tw. 53

3 efficacy.tw. 108250

4 safetyotw. 44957

5 exp drug therapy/ 115501

6 2 and 3 11

7 2 and 4 4

8 2 and 5 13

9 from 6 keep 3-5,7-8,10 6

10 from 7 keep 3-4 2

11 from 8 keep 12-13 2

12 exp drug stability/ 20813

13 2 and 12 0

14 stability.tw. 54760

15 2 and 14 0

<1>

_-L Unique Identifier
96228244

Authors
Hunt RH.

Title
Eradication of Heli,cobacter pylori infection. [Review] [72
refs ]
Source
American Journal of Medicine. 100(5A):42S-5oS: discussion

50S-51S, 1996 May 20.
Abstract
Helicobacter pylori is probably the most common bacterial
infection worldwide and the accepted cause of chronic
active gastritis. It has a critical role in duodenal ulcer,
where the prevalence of infection is 90-95%. There is a
dramatic reduction i.nthe rate of ulcer recurrence after
successful eradication of the organism to about 4% per
annum compared with up to 80% when the infection persists.
What is true for duodenal ulcers is also true for,patients
with gastric ulcer who are infected with H. pylorl. The
risk of recurrent ulcer compli.cati.onswith bleedlng 1s
virtually abolished following successful eradication of H:
pylori; in contrast, the risk of rebleeding is about 33% in
patients still harboring the organism. The treat~ent of H.
pylori infection in patients with confirmed peptic ulcer on

- .-
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~=e-=q.
first Presentation or recurrence has been advocated by a
Consen~us Conference of the National Institutes of Health.
The most evaluated regimens include dual therapy with a
proton pump inhibitor and either amoxicillin or
clarithromycin, and bismuth-based triple therapy with
metronidazole and tetracycline. The use of a proton pump
inhibitor-containing regimen offers the advantage of rapid
symptom relief and the highest rates of duodenal ulcer
healing. Moreover, combinations of a proton pump inhibitor
and clarithromyci.n show more predictable and higher
eradication rates than amoxicillin combinations. Newer
triple therapies with a proton pump inhibitor plus two
antibacterial agents given for 7-10 days are being
increasingly described and may become the treatment of
choice if initial results are confirmed. However, the
optimum dosage regimen needs to be established. A new
combination of rani.tidine bismuth citrate and
clarithromycin has also recently been shown to be
effective. At this time it is reasonable to consider all
patients with confirmed duodenal or gastric ulcer for
eradication of H. pylori, and no patient should be
considered for elective surgery without first being offered
eradication therapy. [References: 72]

..e%, ,-. .,
<2>

Unique Identifier
92248146

Authors
Dobrilla G. Piazzi L. Amplatz S. Benvenuti S. Di Fede
F.

Title
Helicobacter pylori and gastric ulcer therapy: reflections
and uncertainties. [Review] [32 refs]

Source
Italian Journal of Gastroenterology. 24(2):79-84, 1992
Feb.

Abstract
The relationship between Helicobacter pylori (HP) and
gastric ulcer therapy is examined by analyzing both the
data that suggest that eradication of HP renders the
gastric mucosa less susceptible to development of gastric
ulcer as well as the substantial body of evidence that does
not support this contention. The re~t ed in
clinical trials with colloida~au=~.t—r.a~~~
antimicrobial agents (furazolidone), and combinations of
anti-ulcer and antimicrobial agents
(H2-antagonist+cefixime, H2-antagoni-st+metronidazole) are
reviewed. Also analyzed i.s the relationship between HP

_.
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————-.
eradication and ulcer recurrence. Only one study is
available on this aspect, and the limited evidence it
provides in favour of a prophylactic effect of eradication
therapy i,s not entirely convincing. The authors conclude
that there is no reasonable case for the dogmatic
assumption that eradication of HP facilitates either acute
healing or long-term prophylaxis of gastric ulcer, though
certain subgroups of gastric ulcer patients may benefit
from eradication therapy. [References: 32]

__—_-._-———..
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● GREDIENT NAME;

CAFFEINE CITRATED

B. Chemical Name:

C. Common Name:

Cltrated Caffeine, Coffeinum Citricum

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

(S’cifications) (Resul~
Assay (citric acid) 48.0-52 .0% 50.5%

— E. Information about how the ingredient is supplied:

White Cqmtalline Powder, Odorless Powder having a slightly bitter, acrid taste

F. Information about recognition of the substance in foreign
pharmacopoeias:

Pharmacopoeias.In Aust., Hung., Ind., Roum., and Span.
B.P.C.1959
U. S. Pharmacopeia/BP 1959

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Aldridge, A. CafFeinemetabolism in the newborn. C1in. Pharmacol. Ther., 1979;25:447.

LeGuennec, J. C. Maturational changes of cafFeineconcentration and disposition in
infhncy during maintenance therapy for apnea of prematurity: influence of gestional age,
hepatic disease, and breast-feeding. Pediatrics, 1985;76: 834.

Aranda, J. V. Maturation of caf%eineelimination in infancy. Arch Dis Child 1979; 54:
—

946.



---
Brouard, C. Comparative efficacy of theophylline and cafTeinein the treatment of
idiopathic apnea in premature infants. Am. J Dis. Chi~ 1985;139:698.

Eisenberg, M. G. and Kang N. Stability of titrated ctieine solutions for injectable and
entemal use. Am. J hosp. Phurm., 1984;41(1 1):2405-2406.

Brouard, C., Moriette, G., and Murat,I. Comparative effiwcy of theophylline and ctieine
in the treatment of idiopathic apnea in premature infants. Am. J Dis. ChiM, 1985;
139(7): 698-700.

H. Information about dosage forms used:

Solution

1. information about strength:

20mg

J. Information about route of administration:

Oral or Intravenous

K Stability data:

L. Formulations:

M. Miscellaneous Information:

Page -2-
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CERTIFICATE ‘OF——

PRODUCT: CAFFEINE,
RELEASE #: 10JOZ5-

1.

2.

3.

4.

5.

6.

7.

ANALYSIS
----- ----- ----- ----- --- g- 5-37.s

CITRATED POWDER. GRADE: PURIFIED
CODE: R60938, 60452LOT # :B61087D17

SPECIFICATIONS
------ ------ --

DESCRIPTION ,[WHITE POWDER ~

Identifica?i on To pass test

Loss on drying 5.0% max.

Residue on ignition 0.1% max.

Heavy metals 15 ppm max.

Readily carbonizable To pass test
substances

RESULT
------

CONFORMS

passes test

0.1%

O . 025%

<10 ppm

CONFORMS

Assay ( caffeine ) 48.0 - 52.0% 49.5%

Assay ( citric acid ) 48.0 - 52.0% 50.5%

—.-

ATTENTION: TONY HATCHETT

Date :10/21/97 Prepared by

10700

our Order #

D

/

.. J .PATEL

Approved 7
238780 Your PO # S421O

/

“--iEABOVETEST RESULTSHAVEBEEN OBTAINEDBYOUR MANUFACTURE~UPPLIER AND/ORINOURQUAM~ CONTROLLABORATORY.
.+EDATAISPROVIDED ATTHEREQUESTOF ANDFORTHECONVENIENCE OFTHECUSTOMER ANDDOESNOTRELIEVE THECUSTOMER

OFITS Responsibility TOVERIFy~.THIS ANALYSIS IS NOTTOBECONSTRUED AS AWARRAN~, =PRESSEDOR IMPLIED.
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.:-z_.. .......
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CHEMICAL NAME. :CAFFEINE

QUALITY CONTROL REPORT

CITRATED (PURIFIED)

MANUFACTURE LOT NO. :B61O87D17

PHYSICAL TEST

SPECIFICATION TE9T STANDARD.: USP /BP /MERCK_/NF_/MART._/CC). SpEcS._.——

I)DESCRIPTION. :
W~ITE CRYSTALLINE,

.E
ODORLESS POWDER HAVING A SLIGHTLY BITTER, ACRID -

TASTE.

2)SOLUBILITY .:
SOLUBLE IN ABOUT 4 PARTS WARN WATER.

3)MELTING POINT.:

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION. :
A)COMPLIES (B) AS PER NF 10th 1955.
B)COMPLIES (C) AS PER NF loth 1955s

PASSES. :

COMMENTS.:

ANALYST SIGNATURE. :

FAILS .:

DATE. :

PREPACX TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :
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A==% CITY CHEMICAL -- CAFFEINE CITRATED
MATERIAI. SAFETY DATA SHEET
NSN: 685000 F047602
Manufacturer’s CAGE: 8G949
Part No. Indicator: A
Part Number/Trade Name: CAFFEINE CITIUITED
.=.==. .=.= ..=..=...======= .== .==.= =.= =.==.=......=.=..=.=....=....==. =..==.

General Information
. =. . . . ==.. . . . . . . = . . . =. ==. . =. ====== ==. .=== .== === . . ==. . =. . =. . =. . =. ==. . . .= =. ==
Company’s Name: CITY CHEMICAL CO
Company’s Street: 100 HOBOKEN AVE
Companyrs City: JERSEY CITY
Company’s State: NJ
Company’s Country: US
Company’s Zip Code: 07310-5000
Company’s Emerg Ph #: 201-653-6900
Company’s Info Ph #: 201-653-6900
Record No. For Safety Entry: 001
Tot Safety Entries This Stk#: 001
Status: SE
Date MSDS Prepared: 20Nov95
Safety Data Review Date: 01MAY96
Preparer’s Company: CITY CHEMICAL CO
Preparer’s St Or P. O. Box: 100 HOBOKEN AVE
Preparer’s City: JERSEY CITY
Preparer’s State: NJ
Preparer’s Zip Code: 07310-5000
MSDS Serial Number: BZDDY
Hazard Characteristic Code: N/
=.=. .=== ==== ==.= =.== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Ingredients/Identity Information
..=. ..== ..=. ==.= ==== ==== .==. ==.= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Proprietary: NO
——– Ingredient: CAFFEINE CITRATE, CITRIC ACID, COMPD. WITH CAFFEINE (1:1)

*96-1*
Ingredient Sequence Number: 01
NIOSH (RTECS) Number: EV6495400
CAS Number: 69-22-7
.==. .=== .=.. ==== ..== .==. ==.= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Physical/Chemical Characteristics
.=.== ===.= .==.= =.=== ==.== ====. ==.== .==.= ====. ==.== .==== ====. ==.== .==.= =====

Appearance And Odor: WHITE POWDER, ODORLESS
Volubility In Water: COMPLETE
.==. ==.= ==== =.== .==. ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Fire and Explosion Hazard Data
===. =..= =.== ==== .=.. .=.= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Extinguishing Media: WATERSPRAY, C02/DRY POWDER
Special Fire Fighting Proc: WEAR FULL PROTECTIVE CLOTHING & NIOSH APPROVED
SCBA W/FULL FACEPIECE OPERATED IN THE pRESSURE DmD/OTHER pOSITIvE
PRESSURE MODE.
Unusual Fire And Expl Hazrds: FIRE IS POSSIBLE AT ELFNATED TEMPS/BY
CONTACT W/AN IGNITION SOURCE, FINE DUST DISpERSED IN AIR IN SUFFICIENT
CONCENTRATIONS IS A POTENTIAL DUST EXPLOSION.
=.== =.=. .=== .=.= .=== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Reactivity Data
=.==. =..== .==== ===== ===== ===== ===== ===== ===== ===== ===== ===== ===== ===== =====

Stability: YES
Cond To Avoid (Stability) : HEAT, IGNITION SOURCE
Hazardous Decomp Products: WHEN HEATED: EMITS TOXIC OXIDES OF NITROGEN 6
CARBON .
Hazardous Poly Occur: NO
.=.. =... .==. ==== ==.= ==== ===. ==== ==== ==== ==== ==== ==== ===— -------------------—-------------------

Health Hazard Data
..== ==.= ..=. .=.= ..== .=== ==== ==== .=== ==== ==== ==== ==== ==== ==== ==== ==== ===--------

LD50-LC50 Mixture: ORAL LD50 (RAT): 192 MG/KG CAFFEINE

~&=%= Route Of Entry - Inhalation: YES
Route Of Entry - Skin: NO
Route Of Entry - Ingestion: YES
Health Haz Acute And Chronic: INHALATION: MILD IRRITATION TO THE
HARMFUL, MAY CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE
MECHANICAL IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN.
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Carcinogeniclty - NTP: NO
Carcinogenicity - IARC: NO_.-.
Carcinogeni.city - OSHA: NO
Explanation Carcinogenlcity: NONE
Signs/Symptoms Of Overexp: IRRITATION, WAKEFULNESS, NAUSEA, RINGING IN
EARS, MILD EXCITEMENT, PALPITATIONS, CONVULSIONS.
INDUCE VOMITING IMMEDIATELY BY GIVING 2 GLAMES OF WATER & STICKING FINGER
WASH AREA W/SOAl? h WATER. EYES: WASH W/PLENTY OF WATER FOR 15 MINS. OBTAIN
MEDICAL ATTENTION IN ALL CASES.
——--------- === ..-——---------= ...===———----.-----=----——-—— -------- .=s-----= ..

Precautions for Safe Handling and Use
=.=.. ==... ....= =..=. ..=.= =.==. =..== .===. ===== ===== ===== ===== ===== ===== =====

Steps If Matl Released/Spill: REMOVE SOURCES OF IGNITION. VENTILATE AREA
OF LEAK. CLEAN UP PERSONNEL MAY REQUIRE PROTECTION FROM DUST. CLEAN UP AREA
THAT DOESN’T DISPERSE DUST INTO THE AIR. USE NON-SPARKING TOOLS. PICK UP
FOR RECOVERY/DISPOSAL & PLACE IN A CLOSED CONTAINER.
Waste Disposal Method: RECOVERY MAY BE BURNED IN AN APPROVED INCINERATOR/
DISPOSED IN AN APPROVED WASTE FACILITY IAW/FEDEW, STATE & LOCAL
REGULATIONS.
Precautions-Handling/Storing: KEEP IN A TIGHTLY CLOSED CONTAINER. STORE IN
A COOL, DRY VENTILATED AREA AWAY FROM SOURCES OF HEAT/IGNITION. PROTECT
AGAINST PHYSICAL DAMAGE.
Other Precautions: CONTACT LENSES SHOULDN’T BE WORN WHEN WORKING W/THIS
MATERIAL .
.=..= .===. ==.== ..=.= ==.== .==.= ===== ===== ===== ===== ===== ===== ===== ===== =====

Control Measures
.=..= .==== ==.== ..=.= ==.== ===== ===== ===== ===== ===== ===== ===== ===== ===== =====

Respiratory Protection: WHERE EXPOSURE TO THE DUST IS APPARENT, A DUST/
MIST RESPIRATOR MAY BE WORN. FOR EMERGENCIES, A SCBA MAY BE NECESSARY.
Ventilation: LOCAL EXHAUST TO PREVENT DISPERSION OF THE CONTAMINANT INTO
THE WORKROOM AIR.
Protective Gloves: PROTECTIVE
Eye Protection: CHEMICAL SAFETY GOGGLES
Other Protective Equipment: CLEAN BODY COVERING CLOTHING, EYE WASH

‘—”’ __ _.___==============________:________________________________________

FOUNTAIN & QUICK DRENCH FACILITIES
.=== ==.= ==== ==== ..=. ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Transportation Data
===.= =.==. ==.== .===. ==.== ===== ===== ===== ===== ===== ===== ===== ===== ===--------—-----

==== ==== .=== ==.= ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ==== ===

Disposal Data
-------------------------------------------------

==.== .===. ==.== .==.= ..=== ===== ===== ===== ===== ===== ===== ===== ===== ===== =====

Label Data
==.=. .==.= ..=== .==== ===== ===== ===== ===== ===== ===== ===== ===== ===== ===== =====

Label Required: YES
Label Status: G
Common Name: CAFFEINE CITRATED
Special Hazard Precautions: INHALATION: MILD IRRITATION TO THE RESPIRATORY
TRACT L MAY BE A ROUTE OF ABSORPTION BY THE BODY. INGESTION: HARMFUL, MAY
CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE MECHANICAIJ
IRRITATION. CAFFEINE IS EXTENSIVELY METABOLIZED BY MAN. IRRITATION,
WAKEFULNESS, NAUSEA, RINGING IN EARS, MILD EXCITEMENT, PALPITATIONS,
CONVULSIONS.
Label Name: CITY CHEMICAL CO
Label Street: 100 HOBOKEN AVE
Label City: JERSEY CITY
Label State: NJ
Label Zip Code: 07310-5000
Label Country: US
Label Emergency Number: 201-653-6900

.F7.
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packaging and storage—Preserve Butyl Ami-
rjobenzoate m well-dosed containers.

CATEGORY—1,0C31 mesthetic.

BUTYI.CHLORIDE
rz-Butyl Chloride

CH,(CH,),CH2C1
c,H,C1 }101.wt. 92.57

Butyl Chloride contains not less than 99
per wilt of ~&9~l.

Caution: BULLI1 Chh’ide is LIeryjlamrnrrble.
DO not use where d may be ignited.

Description—Butyl Chloride occurs as a
ciear, colorless, .v~l~tile liquid. having ~ ~h:~r-
acteristi~ .nonremdual odor. It is flammable.

Solubdlty-l~utyl Chloride is insoluble in
~ter, but is mlsclble with dehydrated alcohol and
nith ether.

IdentificationTTo 20 ml. of Bu@ Chloride
~d 5 ml. of sodlym hydroxide solutlon (1 in 20),
toh well, and boll under a reflux condenser for 1
hour: the residue responds to the tests for
Chloride,page 4S3.

Specific gravity—The specific gravity of
Butyl Chloride is not less than 0.880 and not
more than 0.885.

Distilling range, page 413—Butyl Chloride
distils txtween 77° and 79”.
,,, Aciditv—Transfer 35 ml. of Butvl Chloride to
s sspara_tor, add 35 ml. of freshly boiled and
cooled water, shake for 3 minutes, allow the
!nixture to separate, and collect the water layer
m a suitable container. To 25 ml. of this layer
tid a few drops of phenolphthalein T.S. and
titrate with 0.02 N sodium hydroxide t-a n pink
color th~t persists for 30 seconds: not more thnn

.0.1 mL of 0.02 N sodium h@roxide is required
for neutralization. Save the remaining 10 ml.
of the water layer for use in the test for Chlm”de.

Nonvolatile residue—Evzporate 10 ml. of
Butyl Chloride in a tared porcelain dish on a
steam bath and dry at 105° for 1 hour: the
weight of the residue does not exceed 1 mg.

Chloride, page 414—A lo-ml. portion of the
aqueous layer pre ared for the test for Aa”dit?/

r.fiows no more ch onde than corresponds to 0.1
“d. of O.O2N hydrochloricacid,(7 partsper
million).

Assay—place about, 1.5ml.ofButylChloride
m a tared,glass-stopperedflask,and weigh
Mcurately.Add 50.0ml. of 0.5 N alcoholic

~2;?30?$~2?’ i%[ %%a ;~w%$%

~~c~~~~’~cid
m T.S. and ‘titratewith 0.5 N

Performa blankdetermina-
tionwiththesam~quantitiesofthesnmereagents
~d in the same manner (see Rem”dual?’itrations,
we 458). Each ml. of 0.5 N alcoholic potas-
~ hydroxide consumed is equivalent to
‘.29 mg. of C,H,Cl.

packaging and storage—Preserve Butyl Chlo-
ride in ~Vell-ciosed, light-resistant containers,
remote from fire.

C,4TEooRY-Anthe]mintic(veterinary).
USU.ALDosE—(Based on the weight of the

mimd)-HLmses, 15 to 90 ml. Dogs, 1 to 24
mL

CITRATED CAFFEINE

Citrated Caffeine is a mixture of caffeine
and citric acid containing, when dried at 800
for 4 hours, not less thtn 48 per cent and not
more than .52 per cent of anhydrous caffeine
(C8HION40J, tind not less than 48 per cent
and not more than .52 per cent of anhydrous
citric acid (CJ1807). The sum of thepercent-
ages of anhydrous caffeine and anhydrous
citric acid is not less than 98.5 and not more
than 101.

Description—Citrated Csffeine occurs as a
white, odorless powder, having a slightly bitter,
acid taste. Its solutions are acid to litmus.

Volubility-One Gm. of Citrated Caffeine dis-
solves in 4 MI. of warm water. On diluting the
solution with an equai volume of water, a por-
tion of the caffeine gradually separates, but redis-
solves on the further addition of water.

Identi6cation—
A: Dissolve about 20 mg. of Citrated

Caffeine in 1 ml. of hydrochloric acid in a por-
celain dish, add 100 mg. ofpotassium chlorate,
and evaporate to dryness on a eteam bath. In-
vert the dish over a vessel containing a few drops
of ammonia T. S.: the residue acquires a pur Ie

Fcolor, which dim pears upon the addition o a
Jsolution of a ti~e alkali.

B: Dieeolve about 100 mg. of Citrated
Caffeine in 10 ml. of water, and add 1 ml. of
walcium chloride T.S. and 3 dro s of bromothy-

Jmol blue T.S. Add 0.1 N so mm hydroxide,
drop by drop, until the color of the solution just
changes to a clear blue, then boil the solution
gently f?r 3 minutes, agitating it gently during
the heating period: a white, crystalhne precipi-
tate appears in the liquid.

C: Add 1 MI. of mercuric sulfate T.S. to 5
ml. of a solution of Citrated Caffeine (1 in 100),
heat the mixture to boiling, and add 1 ml. of
potassium permanganate T. S.: a white precipi-
tate oppeai+. -

D: The residue obtained in the Assay for
cafler”rre. when recrystallized from hot water and
d~ed at SOOfor 4 ~ours, melts between 235° and
237.5°, page 438.

Loss on drying, page 437—Dry Cltrated-Caf-
feine at 80” for 4 hours: it loses not more than .5
per cent of its weight.

Residue on ignition, page 448--Citrated Caf-
feine yields not more than 0.1 per cent of residue
on ignition.

Heavy metals, Page 430—Dissolve 1 Gm. of
flt~te:l Caffeine m 15 ml. of water, and dilute

. the heavy metals limit for Citrated
Caffeine i; 15 parts per million.
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Readily carbonizable substances, p~ge 447—
Heat a mixture of 250 m . of Citmted Caffeine

fand 5 ml. of sulfuric acid .S. in a porcelain dkh
on a steam bath for 15 minutes, protecting it
from dust: the color is not dorker than that of
Matching Fluid K.

Assay for caffeine-.4 ccurateIy weigh about 1
Gm. of Citrated Caffeine, previously dried at
80° for 4 houra, and dissolve it in 10 ml. of hot
water. Add 8 ml. of sodium hydroxide T.S.,
cool the solution, and shake it in a separator with
three or more successive portions of 20 ml. each
of chloroform to effect complete extraction of the
caffeine. Filter the combmed chloroform solu-
tions through a small filter, previously moistened
with chloroform, into a tared dish. Wash the
stem of the separator, the iilter, and the funnel
with 10 ml. of hot chloroform, adding the wash-

‘W
to the dish, and evaporate the combined

c oroform solutlons on a steam bath, ~dding 2
ml. of alcohol just before the last trace of chloro-
form is expelled. Complete the evaporation of
the solvent, and dry the residue, consisting of
C~H,aN,O,,at80°for 4 hours and weigh.

Aaaay for citric acid—Weigh accurately about
400 mg. of Citrated Caffeine, previously dried at
80” for 4 houm, and dissolve it in 25 ml. of water.
Add 3 dro s of phenolphthaleinT.S.,and titrate

Jwith0.1 sodium hydroxide to a faint pink color.
Each ml. of 0.1 N sodium hydroxide is equiva-
lent tO 6.404 mg. Of C6H807.

Packaging and storage—Preserve Citrated
Caffeine in tight containers.

CATE130RY+eIlt1731 stimulant.
USUAL DOSE—300mg.

CiiratedCaffeineTablets

Citrated Caffeine Tablets yield an amount
of afiydrous caffeine (C8%ON40Z) not Iese

than 45 per cent and not more than 55 per
cent of the labeled amount of titrated caileine.

Identification-C1 trated Caffeine Tableti re-

dffeine, page 63.
s ond to the I&n@cation tests under Citratcd

Disintegration, page 455—The disintegration
time limit for Citmted Caffeine Tablets is 30
minutes.

Weight variation, page 468-Citrated Caffeine
Tablets meet the requirements of the weight
variation test for tablets..

Assay-Weigh and finely powder not less
than 20 Citrated Caffeine Tablets. Transfer an
accurately weighed portion of the powder,
equivalent to about 500 mg. of titrated caffeine,
to a separator, and dksolve it, as completely M
possible, in 10 ml. of water. Add 1 drop of
phenolphtbalein T. S., and sodium hydroxide T.S.
until a permanent pink color is produced. Ex-
tract the caffeine completely from the mixture
with successive r)ortions of chloroform, DfMS each
portion through; titer which has been ‘~reviously

NATlONAL FORMULARY XV,

tmoistened with chloroform, and wash the stem 1
of the funnel and the filter with o few ml. of hot’
chloroform. Evaporate the tiitrate on a steafi~
batb, adding 2 ml. of alcohol just before, the’
chloroform is 511evaporated, tmd dry the re.wdue+
at 80° for 4 hours. The wei ht of residue ol#

8tained represertta the yield of 8HION40:.
E

Packaging and storage—Preserve Citrated
Caffeine Tablets in tight containers.

&“Tablets available<ltrated Caffeine Tableti
usually available contain the following amoun “’
of titrated caffeine: 60 and 120 mg.

1“CATEGORYand DosE~ee Citmted caffeine. “

.-

i

CALAMINE OINTMENT ‘, ;
Turner’s Cerate ~.

Calamine . . . . . . . . . . . . . . . . . . . . . . . . . 170 Gi#
Yellow Was . . . . . . . . . . . . . . . . . . . . . . 40 GM
Wool Fat . . . . . . . . . . . . . . . . . . . . . . . .
Petrolatuxrr . . . . . . . . . . . . . . . . . . . . . . . 7% %$

To make . . . . . . . . . . . . . . . . . . . . . 1000G~

Melt the yellow wax with the wool fat ~~’
petrolatum and mix the calamine thoroughl~

a

with the melted mixture to produce a smoo
homogeneous ointment.

,1’
:. “

Packaging and storage—Preserve Calarnin%! !
O]ntment in tight containers and avoid prolongtx$

[

expo~e to temperatures above 30°. i ~:

C,4mmortY-Astringent protestant. “~~ :

“f “
“r “{

CALCIUM AMINOSALICYLATE ~ :
Calcium Para-aminosaticylate ~~‘ i

k?.oq, ca3H@ : ~

C,,H,,CaN20~3H,0 %101.wt. 398.

Calcium Aminosalicylate contains not le’ ‘

1

than 98 per cent of C,iHl?Cah’& Calculat’
on the anhydrous basis.

Caution: Prepare_ solutiorw of Calciu
A minosalicylate within %’~hours of administr
tion. Under no circumstances use a solut@
h COloris darker than that of a jre.shh VW? ‘
solution.

~
Description—Calcium Aminosalicylate occu?’@-

as white to cream-colored crystals or powd d
Itis odorless and has an alkaline, slightly bitte%
sweet taste. It is somewhat hydroscopic. ?P*
solutions decompose slowly and darken in colo~



,=
~ine Hydrate (622-,)

. ..* f+ydrate(MNMJ.
_ Mmhydrate: COffeinum MOnOhydncum

,_, ,. J.!.-

-,os. h ht., 54g., &., Chin..Eur., Fr., Ger., lnt-, k.,

~,, %t., SWVSS,and US. Some phannacopoejas include
~ ~d caffeine hydrate under one monograph.
~SSZAardSWfph: Ew. aPPIY to those countnes that am par.

-m &Convention on the Elabomuon of a Eum%an phar.
-la, see p.Xlll.

.J~ti ~lky white crystals. usually matted together. ora

ect-ystdline pOwder.It emOresces in air md sublimes
i3y.

~~ ~ubifitie ass: ~ptingly soluble, in waten freely soluble
“L ~ling water and m chl:rofom. shghdy soluble in afcohoI

lbre~ec h dissolves mconcentm:ed solutions of alkali
~@esorsaIicylates. USPsolubilitles m: soluble I in50

e, I in 75 of olcohol. 1 in 6 of chloroform.and I in 600
~+r. SOl”fions in water are neutsai [0 litmus. Store in air-

[~taincss.

- __biiity. References to the stability of caffeine and caffeine

+.
#. B@WS MG, Kmrg N. Stability of c]mrled caffe!ne sohmons
., Wnmcclable and cnccral use. Am JHosp Phurm 1984; .S1:
.L,‘~%.
Z J&Ma *MC,@ral. Stability of caffeine mjectmn m mmswncw,

~~;.,,,,,.zndoarentctal numuon sohmom, DICP AnnPhur-
,“, ,,. , . ...,... --

v . ..$n C, cl al. Stabtltty study of caffeine citrate. Br J ?hmm
~&pracr 1990:172133.

&~nelly RF. ~mna RG. S1~bility ofcilra!cdcaffcinc in,ccm.
~,blcwhniOn in glass vials.AmJHOSPphd~ 1994.51:512-14

&verse Effects, Twatment, and Precau-
E dons

~ &forneofJhylline, p.16s7.
~- Prolongedhigh intake of caffeine may lead to toler-

+to some of the pharmacological actions and
‘yslcal slgnsof wtthdmwal including irritability,
Iaugy, and headache may occur if intake is dis-

E,.mrrtizruedabruptly.

~.WallsS. Drugs and substance mm!= c.zffemc.Pharm J 1994:
52:82’24.

!ets on mental function. A report of 6 cases of exces-
iivedaysimesleepiness associated with high calTeine intake.’
1.StcgcstemQR. P.whologlc sleepinessreduced by caffeine.AmJ

E-esophageal reffux disease. ‘t%eophylline deriv-
Mivestend torciaxrhe lower oesophageal sphincter axrd in-

w gastric acid secretion. For a report of increased gaatsc-
~Phaged reftuxin neonates receivingctieine, see Gmmo-
OeaophageatReflux Disease under Precautions in Theophyl-

F koe, P.1659.
i ~n~o ns. CdTeine is extensively metabotised primasily
~. & ~~om~ ~nzme~ in the livec Cteamnce is fhemfore

&bject to imerlcti~ns, in o similar manner to tieophylti~
@$ p. 1659), Smoking, and dregs such os pbenytoin which
~e hepauc microsomai metabolism resrdt in an incseasc
Mcaffeine cieamnce, and dregs such as mat contraceptives
futoce the rate of ~]earmce by inhibiting ctieine mefabc-
fhnr. For fufier discussion on individual drug interactions
Withcaffeine. see below,

MCOHOL In a study of g heatthy subjeets given alcohol by
~th in a dOse of 2.2 ML per kg body-weight. caffeine
in mg by mou~ did ~o~ antagOni~e tie cesrtf’d effects of af-
COhOland, inStead, ~ syne%lS[ic in(erac(ion occurred which
f@3er increaSed ~eactlOn time. TJEe common practice Of
&king coffee after fi~ng ~cohol in order to sober up is

~ W@sred by tlese results.!
1.Ctmme DI, ROgcTSY, [ntemmons of alcohol md cMfeine on

hUmU! ~cac~,o” ,,me, Av;a, sp~c~ Envtmn Med [983; 54:528-
34.

‘nMKHYWrqlCs In 7 hcdrhy subjects md 5 pl[kmsWlh
~dlac arrhylhmlq mexilcrine in a single dose Of ~~ mg
~ a dose of ~~ Mg dally ~esvc~lvely, reduced the e[imina-
oU130f~affel”e by 30 to 507.,1 LjgnO~aine, fieca,nide, and
~ainidt. had “o effect o“ ctifeine elimination in heatdry sub_
~1

1. Jocrc5R, Richter E, Mexllctinc and caffeine cfimmatlon v
‘%+JMed1987:3t7: 117.

comirant administmtion ofcipmfloxacin,l -3enoxacin,1J and
pipemidic acid;23 lomef70xacin,4 norffo.racin,z~ and
o@xacin2,3 had little or no effect on these parameters.
Erzoxacin had the gremest inhibitory effect on caffeine cleas-
~ce,2.3

1. Healy DP. ctul. [nteractton klwcenorai clpofloxacin andcaf-
fcnne In normal volunteers.An:lm#cr<>b Agents Chemofhrr
1989,33:474-0.

2. Harder S. erul. Ciprofloxacin<a ffelnc: a drug interaction es-
!abllshed using m vivo.mdin viwoinvcstigations. Am lMcd
1989; 87 (SUpfd SAL 89-91S.

3. Bamctt G,trul. ~amacokinertc dcrcrmnnationofrela[ivep-
tcncy of quinolnnc lnhibk ion of catfemc dispautmn. Eur J Clin
Phumtacot 1990: la. 62-Q... .. .. .

4. Hcaly DP, tiral. Lack ofinteraction ktwmnlomcfloxacin and
caffeine in normal volunteers. Anrimicmb A#enIs Chemo(her
1991:35:6W.

AMTlEPlLE?71cs.~emmclemce of caffeine waa incrcascd
and its haff-life decfcmed in epileptic patients taking phenv-
roin compascd with healthy conwols, few Iting in lower pJos-
ma-caffeme concentrations. Tremment with carbmmszepine
or valproic acidhad no effect on (he phanrzacokinetics of caf-
feine. 1
1. Wic(holrz H. cr al. Effects ofphenytoin. carbamazcpine, and

wdproic acid on caffeine metabuiism. Eur J Clin Pharmacol
1989: 36:40k6

ANTIFUNGAL. In a single-dose smdy in healthy subjecci. rer-
binqhte 500 mg by mouth decreased the cleamnce and in-
creaaed the elimination ha3f-life of caffeine 3 mg per kg body-
wci ght given inrmvenousJy. .&voconazole 4X) mg by mouth
did not prolong the elimination of catTeine to a significwtt ex-
tent. 1
1. Wahlli%der A. Psumgarlner G. Effect of kemcnnazole and tcr-

binafine on rhc phmmrcokir%tics of csffcine in healthy volun-
teer. Eur J Clin Pnammcol 1989; 37: 279-S3.

ANTIGOUT AGENTS. [n a study in 2 heatrby subjects. the plasma
hatf-life of caffeine was essentially unchanged by 7 days’
umozent with allopun”nof 300 mg or 600 mg dail y by mouth.
However, atlopusinol caused a spscific, dose-dependent inhi-
bkion of the cmrveszion of 1-meehylxanthine to I -metbylutic
acid. !
1. Gram DM, CIal. Effect of .dlopunnol on caffcinc disposition m

man Br J CJin Phwmacol 1906; 21:454-8.

GASTROINTESTINAL AGENTS.Cimeridine I g daily by mouth re-
duced the systemic clearance of ctieine znd prolonged its
elimination half-life in 5 heslthy subjects. Although the
steady-stare plaama-caffeine concentmtion would increaae by
apPmximafely 70%, it was though{ unhkely that &is would
produce adverse clinical effscts.1
1. Broughton LJ. Rngcrs HI. Decreased sy$temlc clearance of

cdfelne due to cirncndine. BrJ Clin PhaMIacoi 190 I; t 2:155-
9.

IOROCIMMIOE. In 4 heakfry subjects, idsocilamide inhibited the
biowansfommtion of caffeine and increnaed its half-life 9
rimes. Partial or total avoidance of cafieine-containing pfod-
ucrs w= recommended when idrwilamide waa being taken. t
1. Br*zier JL..Id Inhibition by idrocllamlde of the disposition

of caffeine. Eur J C/in Pharmacol 1913017:37-43.

OML CONTRACEPTIVES.The c]esmnce of ctieine baa been fe-
ported to bs ceciuced and icaelimination haWtife incrmaed in
women taking ond contraceptives.’2 This interaction was
thought to be due to impairment of bepatic metabolism of caf-
feine by scx homrones and could reacdt in incseased accumu-
lation of caf?eine.
1. Patwardhm RV, et al. Impaired elimination of caffeine by oral

confmceptivc steroids. J lab C/in Med 1980: 9S: 603-0.
2. Atxmethy DR, Tcikd EL. Impamnent of caffcmc cleamnce by

chronic Useof low-dose ucstrogen-contaming oral con[raccp.
rives. Eur J C/in Phannaco/ 1985; 2tk 425-8.

SYI-IPATHOF+METICS.Adminiswationof caffeine 40fJmg with
pheny{pmpanolamine 75 mg, both given orally as cmrtsolled-
releasc preparations. produced greater plasma-ctieine con-
centmtions in fzeahhy subjects than administration of caiTeine
alone. Greater iocreaaes in blood pressuse urd mose repmts of
physicat side-effects oecumed after rhe combination than after
either dmg alone 1-.
1. Lake CR. .( al. Phenylpmpanolamme increases plasma cxf-

feme levels, Clin Pharmucd Tlwr 1990:47:675-85.

THEOPHYLLINE. For tbc effect of caffeine on the membolism
and elimination of theophyltine, see under Interactions in
Theophylline, p, 1661.

Overdosage. Repass and reviews of caffeine toxicity.
1. Kulkami PB, L30randRD. CAtTcmetoxicity in a neonate. Pcdi-

orrics 1979. W 7<L%,.----
2 Banner W. Czajka PA. Acuw caffeine overdose in (he neonare.

Am J Di5 Child 1980134: 495-S
3. Zimmerman PM. .: al. Caffeine mfoxication: a near fataliry.

Ann Emerg Med 1985; 14 !227-9.
4. Dalv[ RR. Acwe and cbrrmic mxicl!y of caffeine a review. Vet

Hum Toricol 1986:28: 14-+50.

Pwgrrancy and the neonate. In the USA, the Food and
Drug Administration has advised pregnant women to limit
their mrake of caffeine and catYeine-containing beverages to a
minimum. but thk recommendation waa hassd kugely on an-
imat studies and the effecr of caffeine on the human foetus
and foetat loss during pregnancy is comroverzial.i Although

Crafrlllylllllc I l~ul UL, II”, ,“.., . . . . . ...- . . . .

one recent study found no evidence that motkate catTeine use
(less than 300 mg daily) incsemcd the risk of spontaneous
abortion? another study haa reported confecting @.uka3 lead-
ing one commentator to conclude that the safety of caffeine
consumption during prsgnancy rsmains unsssolved. 1
1. Eskemzi B. Caffeine during pre6nancy: grounds for conccm’

JA.MA 1993: 27112973-4
2. Mills JL, er al. Moderate caffeine use and the risk of spomme-

ous abonion and imrautenne growth retardation. JAMA 1993:
26* 593-7.

3. lnfmr{e-Rivard C, e[ aJ. Fetal loss m$wmted with caffejne m-
rake before and during pregnancy JAMA 1993; 2702940-3.

For a comment on the inadvisability of using calTeine wrd sc-
&lum bcnzoate injection in neonares becasacof the risk of ad-
verse effecra associated with the benzoate component. see
under Sdium Benzoate, p,1118.

LACTATION FOEstudies examining the tmnsfer of ctieine into
breaat milk and its corrzcquences, see p. 1653 under Phmzna-
cokinetlcs.

Sport. lb Intemationat Olympic Committee has banned the
use of large amounts of caffeine by athletes but smaller
aenouma, compatible with a moderate intake of coffee or soft
drinks. are pmrrirted.{ However, boxmas of the masked incer-
individual variarion in mine-caffeine concencmtions.even ‘J
modest caffeine intake equivalent to 3 to 6 cups of coffee dai-
ly, may give a urine concentration in excess of the permissible
limit.z

1. Anonymous. Dregs in the Olympics. ,Ued tifr Druys Ther
190q 2665-6

?. Birkcn DJ, Miners 10. Caffeine renal clearance and urine caf.
fcme concentrmmns during steady slate dmmg: implicmons
for montmnng caffeine intake dunn$ spafs evenw. Br J CJin
Pharmacol 199I: 31:405-8.

Withdrawal. Hexlache is a recognised symptom of caffeine
withdrawal and even subjects who dzink mcderate amounts of’

coffee can develop headaches lm.ting 1 to 6 days when
switched to a dcdfeinated bmnd. 1[t has also been suggested
that postopemtwe headache could be mxibuted m cadeine
withdrawal aa fasting patiensa are sequired to abstain from
drinking tea or coffee before sufgical procedures. Several
smdies:q have found ~ positive association between postop-
erative headache mrd daily cakfeine consumption. atchough
there have atso been negative Jisnfings.s
1. van Dusseldorf M. titan MB. Headache caused by caffeine

withdrawal among modcrau coffee drinkers swllched rmm or-
dinary 10dccaffemawd coffee: a 12 week double blind real. Br
Mcd J 19s% 30& 155S-9.

2. Gallclly DC, et al. Does caffeine withdrawal contribute IO POS.
mnaesthetic morbidity? Lmcrr 1989: i: 133S.

3. Weber !G, e! al. Pcrioperative orgcstion of caffeii?e and postop-
erative headache.Ma.vo Cfiflpmc 1993: ~ ~2-5

4. Nikolajscn L, d a/. Efkct of previous frequency of headache,
duration of farong and caffeine abstinence on pmopemtive
headache. Br J Amwth 1994 ZI 195-7.

5. Vcrhoeff Fri. Millsr JM. Dues caffeine contnb+te to postoper-
anve morlmdity’! Lancer i’-3SW336:632.

Pharmacokinetics
Caffeine is absorbed readily after oral administra-
tion and is widely distributed throughout the body. It
is also absorbed through the skin. Absorption fol-
lowing rectal administration hy suppository may be
slow and erratic. Absorption following irrtrarcrtzscu-
!ar injection maybe slower than after oral adminis-
tration. Caffeine passes readily into the central
nervous system md into saliva; low concentrations
are also present in breast milk. CafTeinecresses the
placenta.

1ssadults, caffeine is metabolised almost completely
in the liver via oxidation, demethylation, and
acetylation, and is excreted in the uzine as 1-methy-
luric acid, 1-methylxanthine, 7-methyIxanthine,
1,7-dtmethylxanthine (paraxanthine), 5-acetylami-
no-6-formylamino-3-methy luracil (AFMU), and
other metabolizes with only about I% unchanged.
Neonates have a greatly reduced capacity to metab-
olise caffeineandi~is largelyexcreted unch~nged in
the urine until hepatic metabolism becomes signifi-
cantly deveIoped, usually by about 6 months of age.
Elimination half-lives are approximately 3 to 6
hours in adults but maybe in excess of 100 hours in
neonates.

Lactation. Studies examining the uansfer of caffeine into
breazt milk after doses of 35 to 336 mg of caffeine by momb
have recorded peak maternal plasma concentrations of 2.4 to
4.7 Kg per mL, peak matemaJ sativa concentfmlOns Of 1.? tO
~,~ ~g ~r ML, ~d ~~ bremt.milk concentrations Of I.4 [0

7,2 pg per mL. At these concentrations in breast milk, dre csl-
culmed daily caffeine ingesuon by brew-fed infants ranged
from 1.3 to 3. I mg, which was not drought to present a haz-

h sYmbol t denoms a preparation no longer actively masketed
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reduced with ramplete abolition of aprmea in 6 infanta.
Plasma half-lives were very prolonged and ranged from
40,7 to 231.0 hours. Controlled trials were necessary to
establish the usefulness of caffeine.— J. V. Aranda ev
al., J. Pediar., 191?. 90, 467. Sce also 1. Am, med.
Ass.. 1976, 23S. 693; T. R. Gunn et o1., f. Pediat..
1979, 94, 106.

Derrrratifis. in a double-blind study in 28 patients with
atopic dermatitis the application for 3 weeks of a 30%
caffeine cream produced significantly greater benefit (in
terms, of erythema, scaling, Iicherrification, oozing, and
exeorration) than a placck. It was considered that caf-
feine increased the concentrations of cyclic AMP in the
skin.— R. J. Kaplan er al. (letter), Archs 12erm.. 1977,
113, 107. Sce also idem, 1978, /14, 60.

Hypdiarfic warm. Caffeine might be a suitable alter-
native to central nervous system stimulants for children
with hypcrkinctic scams.— R. C. Schnackenberg, Am. J.
Psychia:.. 1973,130, 796. See also C. C. Reichard and
S. T. Etde.r, Am. J. Psychiat.. 1977, /34, 144. A con-
trary view.— C. L. Sacear, Am. J. Hosp. Phorm.. 19?8,
35, 544.

Proprietary Namea
No DoZ (Erisfd.USA).

623-f

Caffeisae d SOrhrm Besazoate (B,P.C. /954), Caf-
fein. et Sod. Benz.; Coffeinum et Natrii Bcnzoaw Cof-
feinum-natrium Bcnzoicum.

CAS — 80fW95-1.

Phrsrmocopueios. In Aust., C-r., Cer., Hung., Int.. It.,
Jap.. Jug., Mex., Nerd., Po!., Roum.. Rrss.. Swim, and
Turk. The specified caffeine content varies from 38 to
52%.

A mixture of caffeine and sodium bmrzoatc containing
47 to 50% of anhydroua caffeine. It is a white odourlesa
powder with a slightly bitter taste. soluble 1 in about
1.2 of water and 1 in 30 of alcohot slightly soluble in
chloroform. A solution in water has a DH of 6.5 to 8.5.

Eupind (Craxwn. Grrrord. UK). Contairta in each 5 ml
caffeine 115 mg and ammonium iodde 345 mg in infu-
sion of wffec.

ErspnirseVernde /WWxsx,UK). A solution containing in
each 5 ml anhydroos caffeine 155 mg, ammonium iodide
366 mg. Iiquorice liquid extract 0.0175 ml. cherry-laurel
aqueous extract (equivalent to hydmcyanic acid 27 pg)
0.027 ml. Dose. 5 ml in water once or twice daily before
meals.

625-n

Caffeine and Sodium Salicyiate (B.P.C./949). Caf-
fein. et Sod. Salicvl.: Coffcinum et Natrii Salicvlas:
Coffeinum-natriurn &licylicum.

CAS — 8W2-85-5.

Pharmucapcwia$. 1ss Arr.rt. (48 to 52%), Ge.. (39 to
42%), Im. (44 to 46%), Swiss (46.8 m 48.6%), and
Tr/zk. (44 to 46%).

A mixture of caffeine and sodium aalicylate containing
47 w 50%afanhydroua caffeine.
A white odourlesa amorphous powder or granular mass
with a bitter saline taste. soluble I in 2 of water and 1
in 25 of alcohol. A S.77% solution in water is iao-
oamotic with serum. Solutions are steriliacdby mtoclav-
ing or by filtration. Iacarrrpatibfe with mineral acids,
iron salts, iodine. salts of heavy metals, and tannin.
Store inairtight eontainera. protect from li8ht.

Caffeine and sothum salicylate was formerly used, by
subcutaneous injection as a 50% solution. as a cardiac
and respiratory stimulant and as a diuretic.

626-h
fA-

_~5$.P.affcin. Cit.:.= ~

~IoN@#-J%OT = 386. .

CAS — 69-22-7.A 3.92% solution in water u ~mktic with aemm. cSolutions are sterilised by ayloci?vmg or by ~kratim- +’harmacapoeios. in Au$r., Hung., ind.. Rmmr., and
heompatibfe with mineral acrd.s, Imn sak.s. l~me. UJtS .%MH. /
of hr,stw metals. and tannin. Store in airtight containers.
Protect “from light.

i3ecaoae of its ready volubility in water caffeine and
sodium benmate has been employsd for administration
of caffeine by injection. A 25% solution haa been used
subcutaneously as a cardiac and respiratory stimulant
and as a diuretic in dosea of 120 to 300 mg.

Kerrricterrm Soshum bcnzoate in eaffcinc and sodium
benzoatc injection could uncouple bilirubin from its
albumin binding sites, which mi8ht induce kemictcrus.
Such injections should be administered with caution, if
at all, to neonates with raised bilimbin conrxntrations.—
D. Schiff et al., Pediawics, 1971.48, 139.

preparations
Caffeine arrd sodium Bssrzoste hrjeetian (U.S.P.). A
sterile solution in Water for Injections pH 6.5 to 8.5.

A prepamtion containing caffeine and sodium bcnzcate
was formerly marketed in Great Br]fam under the prop
rktaty name Elixir Sibec ( Ves/ric).

624-d

Caffeine and Sodium Io&de (B,P.C. /968). Caffein.
and Sod. Iod.; Iodocaffeine.

A mixture of caffeine and sodium iodide mntaining 47
to 50% of anhydrous caffeine. It is a white odourleaa
powder with a bitter saline taste. Soiuble 1 in 5 of
wate~ partly soluble in alcohol, Incompatible with mine-
ral acids, salts of heavy metals. and tannin. StOre in
airtight containers.

Caffeine and sodium iodide has the toxic effects of caf-
feine (P.340) and of icdhre (P.862). It has been used as
a cardiac and res iratory stimulant and as a diuretic. It

Fis used for the m ief of asthma. Doses of 120 to 600 mg
have been given.

preparations
Caffeine Irr&de Efixir (E.P.C’. 1973). Caffeine 150 mg,
so&um icdide 450 mg, tiquoricc liquid extract 0.3 ml,
chloroform 0.01 ml, decwtion prepared from a sufficient
quantity of reeently ground roasted coffee of commerce
and water to 5 ml. Dose. 5 ml.

~..
A mixture of caffeine and citric acid containing 47 to
50% of anlsydrorrs caffeine.
A white odourk.sa powder with a bkter acid taste.
sofubls 1 in 4 of hot water, dtilating on further dilu-
tion wi!h the separation of caffeine on cooling which
redi.$advea in a,bout 32 of watcn soluble I in 25 of
alcohol. A soiuuon in water is acid to litmus. hscompat-
ibfa with mixtures containing potassium iodide and
nitrous ether spirit, iodine being liberated. Incompatible
with phcnazorw. sodium benzcate, sodium nitrite, and
sodium salicyiat~ caffeine, in half the dose of caffeine
eitratc ordered, should be used for mixtures containing
these incompatible substan=. Store in airtight contain-
ers.

Caffeine citrats has been used similarly to caffeine
(P.341) in doses of 120 to 600 mg.

627-rsr

Acepifylline. Acefy[line Pipcrazine; Piperazine
Theophylline Ethanoatc. Piperazine his(theophyl-
lin-7-ylacetatc).
(C9H,0N,0,)1,C4 H10N2=562.5.

CAS — 18833-13-1.
A white odourlcza crystalline powder with a bit-
ter taste. M.p. 260°. Freely sohtble in waten
slightly soluble in alcohol. A 1090 solution in
waler has a pH of about 7.

Adverse Effec@Treatment, and Precautions. As
for Aminophylline, p.342. Acepifylline is con-
sidered to cause less nausea and gastric irritation
than amirtophylline and is better tolerated by
intramuscular injection.

Uaea. Acepifylline is a theophylline derivative
which is used similarly to aminophylline (see
p.344).
It may be given by mouth in doses of 0.5 to 1 g
thrice daiiy, by rectum as suppositories in doses

— —- .
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34. S.M. was given aminophyiline 6 mg (6 mg/kg of amino-
phyllirte,4.S mgkg theophylline) as an IV loading dose over
zo min. Maintenance doses of 1 mg Q S hr have been ordered.

Describeyour pharmacotherapeutic monitoring plan for S.IM.
Include monitoring parameters for efficacy and toxicity and
duration of therapy.

Tbe goal of methylxmnhine therapy in the treatment of fipnea

of prematurity is to decrease the number of episodes of apnea and
bradycardia. continuous monitoring of heart rate and respiratory

rate isrequired forproper evacuation. The time. duration, and se-
verity of episodes; activity of the infant; and any necessary inter-
vention performed should be documented. Relationships be[ween
the apneicepisodesandthefeedingscheduleandvolume of feeds,

as well as the dosing schedule of theophylline (e.g., trough), should

be examined.
Apnea of prematurity usually resolves after 36 weeks postcon-

ceptional age; however, it may persist in some infants up to or
beyond 40 weeks postconceptional age. 136Therefore, methylxan-

thine therapy usually is discontinued at 35 to 37 weeks postcon-

ceptional age provided that the infant has not been having apneic

spells.141 Infants that require therapy for longer periods of time

may be discharged home on methylxanthines with zpnea monitors.
Toxicities notedin neonates include tachycardia, agitation, ir-

ritability, hyperglycemia, feeding intolerance, gastroesophageai re-

flux, and emesis or occasional spitting up of food. Tachycardia is

the most common toxicity and usually responds to a downward

adjustment of the theophylline dose. Tachycardia may persist for
one to three days after dosage reductions due to the decreased

elimination of theophylline-denved caffeine. Seizures also have
been reported with accidental overdoses. Methylxanthine toxicity

can be minimized with careful dosing and appropriate monitoring

of serum concentrations. Serum theophylline concentrations

should be monitored 72 hours after initiation of therapy or after a

change in dosage. Serum concentrations of theophylline also

should be measured if the infant experiences an increme in the
number of apneic episodes, signs or symptoms of toxicity, or a

significant increase in weight. In asymptomatic neonates, once

steady-state levels are obtained, theophylline concentrations may
be monitored every two weeks.

35. SAL now is 3 weeks old (32 weeks postconceptional age)

and weighs 1100 gm. Hhs septic work-up was negative. Cur-
rently S.M. has several apneic spells per day which respond to
tactile stimulation; hk apneic episodes have not required ven-
tilator assistance. S.M. receives 1 mg aminophylline IV Q 8
hr and his trough theophyiline level this morning was 5.7
pg/mL. The medical team is considering switching SAL’S the-
ophylline therapy to caffeine because of possible improved ben-
efits. IIOW does caffeine compare to theophylline with regard
to its pharmacokinetics, efficacy, and toxicity? What treatment
should be selected?

pharmacokinetics. The plasma clearance of caffeine is consid-
erably ]ower and the half-life is extremely prolonged in the pre-

mature newborn (see Table 96.2). The low clearance is a reflection

of the decreased neonatal hepatic metabolism and a resultant de-

pendence of elimination on the slow urinary excretion, In the pre-

term neonate, the amount of caffeine excreted unchanged in the

urine is 85%, compared to less than 2% in adults. Adult urinary
metabolize patterns are seen by seven to nine months of age. ISA
The half-life of kaffeine decreases with increasing postconcep-

tional agelss and plasma clearance reaches adult levels ~fter 3 to

4.5 months of life. ls~ As a result of the maturational changes, doses
USUaIIyneed to be adjusted after 38 weeks postconceptionai age

~d dosing intervals need to be shortened to eight hours after 50
weeks postconceptional age. !55

96-23

Efficacy, Toxiciiy, and Dosing. Comparative studies have found
similar efficacy for theophylline an~caffeine in the control of Qp-

n_r=l(y.lJ’mC affeine. however. may have som=d-

varttages over theophylline including z wider therapeutic index.

Adverse effects such as tachycardia, CNS excitation, and feeding

intolerance are reported more frequently with theophylline than

[/

7
with caffeine. The prolonged haff-life of caffeine in premature ne- $$ (

onates results in less fluctuation in plasma concentrations and per-

mits the use of a 24-hour dosing in[erval. Since the half-life is

prolonged and dosing requirements do not change quickly over

time, caffeine serum concentrations can be monitored less fre- Y

or IV Ioitding doses of 10 mgk~ of $5-~ “’
mg/kg of caffeine citrate), followed by maintenance dti 2.5 T“

mg~g (5 mg/kg caffeine citm[e) given daily wiIl mammimplasma J

caffeine concentrations in the therapeutic range (5 to 20 u&jQQl~

~hough infants who are unresponsive to theophylline may re-

spond to caffeine,159 S.M.’S theophylline therapy presently is not

optimized; his serum concentration is less than 6 @mL. S.M,

appears to have partially responded to theophylline and may ben-

efit from an increase in the dose with resultant therapeutic serum

concentrations. S.M.’S aminophylline dose should be increased
to 1.5 mg every eight hours to achieve serum concentrations of

around 8 @mL. Although caffeine may have several advantages

over theophylline, the [V product marketed in the U.S. is only

available as the sodium benzoate salt. Benzoic acid has been as-

sociated with the gasping syndrome and also may displace bilirubin
from albumin binding sites.34,35 Because of these toxicities, caf-

feine sodium benzoate should not be used in neonates. It is pos-

sible, however, to compound an acceptable IV and oral caffeine
preparation. Im As for any compounded injectable preparation,

quality control must be done to assure sterility, stability, and lack

of pyrogen contamination. If the hospital currently is not com-

pounding an IV caffeine product, it could take months to institute
quality control measures.

Ot/ter Agents

36. S.,M.’S dose of theophylline has been optimized and the-
ophylline serum concentrations now are 12.4 #g/mL. S.IM. con-
tinues to have apneic episodes. What other pharmacologic
agents can be used?

Doxapram, an amtleptic agent, has been shown to be as effective
as theophylline for the treatment of apnea of prematurity. ’61,162

Due to the limited number of investigations and uncertain side

effects, however, the use of doxapram should be restricted to pa-
tients who are refractory to methylxanthine therapy. Iw In addition,

the [V preparation commercially available in the U.S. contains

0.9% benzyl alcohol and should be used with caution. Although
doses are not well deftned. a loading dose of 2.5 to 3 mg/kg given

IV over 15 to 30 minutes followed by a 1 mg/kg/hour continuous
infusion has been recommended.lw.16J Doses may be increased

by 0.5 mg/kg/hour increments to a maximum dose of 2.5

mg/kg/hour. ’44 Lower doses have been used in infants receiving

concomitant methylxanthine therapy with approximately 50~0 re-
sponding to IV doxapram doses of 0.5 mg/kg/hour. Iw A few stud-
ies have administered doxapram enterally; however, bioavailability
in preterm newborns is not yet well de fined.l U.i65 Side effects

associated with doxapram include: increased blood pressure (usu-
ally with doses >1.5 mg/kg/hour); lw GI disturbances such as ab-
dominal distension, regurgitation, increased gastric residuals, and
vomiting; Jnd CNS adverse effects such m increased agitation,

excessive crying, jitteriness, irritability, dksturbed sleep, and sei-
zures. Further studies of doxapram are needed in order to better
delineate its adverse effects and to help define its safety and effi-
cacy for the treatment of apnea of prematurity.
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The purpose of our prospective randomized study was to compare the
efllcacy of theophylline ethylenediamine and caffeine sodium citrate in the
treatment of idiopathic apnea in premature infants. Sixteen infants with
three or more severe apneic attacks were studied. Twenty-four-hour
cardiorespiratory recordings immediately before and after randomization
and four days later showed significant decreases of the apnea
frequency in bot~ roup 1, n = 8) and caffeine-treated
infants (group 2, n = 8). No undesirable side effects were observed, except
for tachycardia in one infant iAgrbup 1. ~
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Comparative Efficacy of Theophylline and Ctieine in the-..i
Treatment of Idiopathic Apnea in Fremature Infants 7:$‘:
Christine Brouard, MD;GuyMonetti,MD;IsabelleMurat,MD;BernardFlouvat,PharmD;
Nicole Pajot; Herv6 Walti, MD; Edurne de Gatnarra, MD;Jean-PierreBelier,MD 4;..}

“,

‘1
● llw pUrpOSS of our prospscttva mn-

domlaad study was to compsra tha
afficacy of thaophylllna athylanadl-
●mlna and csffelns sodium cftrats In tha
trastrnant of tdlopathk apnaa In r
matwe infants. Slxtaan infants wfth
thraa or mom savars apnalc attacks wars
atudkd. lkanty-four-hour csrdloreapl-
ratory racardlngs Immsdktsiy bafors
and aftar mndomtzation snd four days
ktar ●howad ●lmltar slgnfttcant da-
craaaas ofthaapnaa fraquancyln both
theophytllna. (group 1, n= 8) ●nd caf-
falnstraated Infants (group 2, n= 8) No
undaslmbb aids effwta wars obsarvad,
axcapt for tschycardia In one Infant in
group 1, W suggaat masons for prafsr-
rtng csffalna to thsophylllna In ths CO*
troi of idlopsthk ●pnea In pramaturs
Infants: csffalns is as afffcknt and
aaalar to sdmlnidac

(444x 1965;13s:69&700)

T heophylline is widely used ta con-
trol apnea in premature infanti.’

Doses of theophylline must be chosen
carefully, and the serum theophylline
concentration must be monitored reg-
ularly to avoid theophylline toxicity.:
This risk and the occurrence of trou-
blesome side effects in some cased
make the use of theophylline rather

problematical.
We have previously confirmed that

caffeine is also effective in controlling
apnea.’

The present study was designed to
compare the efficacy of both theophyl-
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line and caffeine in the treatment of
recurrent idiopathic apnea in premat-
ure inknta.

PATIENTS AND METHODS
Patlant Selactfon

Apneic spetla in prematum intkntd
treated in our neonatal intensive care unit
(Mt-Royai Hoapitd, Paris) were detected
during routine cardiorespiratmy monitor-
ing. In those infants with apn~ 2-4-hour
cardio”kespimtory mcordinga (Hewlett
Packard model 78250 A) enabled ua to
identify aevem apneic attacks, defined aa
ceaaation of breathing for more than 10 s,
with heart rate below 80 beata per minute
formomthan 30sorbelow 60 b4.s per
minute formorethan15a.’
Infantawiththreeormoresevereapneic

attdckawitbin~ firstrecordingperiod,
whichwascalled“day O,” were considered
for entrytothe trial. Infanti with a known
cause of apnea andlor abnormal conditiom
other than apnea, however, were carefully
excluded before mndomization. Thus, the
fotlowing abnormalities were ruled outi

respiratory distress andlor hypoxemiq

patent ductua arteriomq anemia; meta-
bolic abnormalities (blood glucose con-
centration, <40 mgfdL; plasma calcium
level, <8 mgldL; plasma bilirubin level,
>10 mgidL); infection; neurological and
electroencephalogrsphic abnormalities;

and intracranial hemorrhage (using ultra-

sounds). Infank requiring oxygen were not
included in this study.

During the 24-month period of the study,
16 preterm infimb met these criteria and
were admitted to the study after parental
consent had been obtained.

Procadura

Infants entering the trial were randomly
assigned to the theophylline-treated
(group 1) or the caffeine-treated (group 2)
group The corresponding treatment was
SW immediatAy after randomization.

In group 1, a loading dose of 5.5 mg/’kg of
aminophylline (theo~hylline ethylenedi-

{

amine) was injected intravenously. Rj
measurement of plasma concentration
tbeophylline during the next eight ho
enabled ewihwtion in each caae &
proper maintenance dose, which was gi
every eight hours either intravenously
orally. Maintenance doaea (range, 0.8 to2.
QY& every eight hours) were adj
thereafter according to plasma Ievela
theophylline, which we aimed to main “
between 5 to 10 mg/L.

In pup 2, a loading dose of caffe”
aodiumcitmte (20mg/kg)waainj-”
tramuscularly(0.8 mLAcg,outer partoftht
thigh} ‘Ibe daily maintenamw dose ~
5 mgfkg, which was given orally, was aind
to rnainhin the caffeine plasma level *
tween 8 and 16 mg/L. Plasma levels @
caffeine were musured 24 houra after
loading dose and fourdays later.

1

Plaamatbeophylline andcaffeine come
tmtiona wsre determined by high-perfo
ante liquid chromatography on 100 IL
plaamA’ 1!r:

Fbrtheophylline levels of 5 and 15mg~
the “interday”coefficients ofvariationwem
4.2% (n= 30) and 3.36% (n= 25), respee
tively. ,:

W caffeine levels of 5 and 15 mg/L, the
corresponding vatues were 4.7% (n= W
and 4.1% (n= 25), respectively.

We compared the efficacy of both dru~
using Cardiorespirographic recordings
which were performed during the 24 how
following the loading dose (“day 1“) anc
again four days later (“day 5“).

In each 24-hour recording period (days 0.
1, and 5), we calculated the “apnea fre-
quency” defined as the average number ot
aevem apneic attacks per 100 minutes. The
apnea frequencies on days O, 1, and 5 were
compared for both groups using differen(
methods: (1) three-way analysia of varisncc
for apnea frequencies and day, taking intx
account the subject factor nested in day
and (2) the t test with the resiu w varianc[
for difference-c in apnea fiwmcies be
tween days Oand 1 and between days Oanc
5. Results were expressed as mean * SEM

We looked for possible adverse effects o

Idiopathic Aprtea-Brouard et a
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the treatments by repeated clinical ex-
amination and by following weight curves.

RESULTS
Group Comparisons

Sixteen inl%ntswere admitted to the
study. Eight were treated with the-
ophylline (group 1) and eight were
treated with caffeine (group 2} There
was no significant difference be-
tween the two groups for gtxtational
age (group1,30.5&0.4weeks;group
2, 30.5* 0.7 weeks} birth weight
(r~p ~ L26050.074 kg group 2,
]. ko.lol kg), postnatal age at trial
& .p 1, LL7*1.9 days; group 2,

lL6 * 2.8 days} or apnea fkquency on
day O (group 1, 1.0230.4; gYoup 2,
l.~~o.~ ~ble~

As compared to day O, the M-hour
recordings on day8 1 and 5 showed
significant decreases of the apnea fre-
quency in both theophylIine-treated
(group 1) and caffeine-treated Manta
(group 2) (P<.ool) (Figure).

There were nosigniiknt differences
in the frequency of apnea between the
two groupa, on days O,1, and 5.

In group 1, the mean plasma level of
theophylline was 4.99? 0.36 mg/L on
day 1 (four hours following the loading
dose] Using different maintenance
doses (range, 0.8 to 2.5 mg/kg every
eight hours), the mean plasma level on
day 6was 6.50 k0.29mg/L. We looked
for transformation of theophylline inta
caffeine in five infants of this group,’
and found caffeine plasma levels from
0.97 to 4.10 mg/L with theophylline
levels fiwm 3.06 to 21.2 mg/L (20 blood
Samples]
.-.~up 2, the mean plasma levels of

ne were 12.85k 1.32 mg/L on day
1 {d ho~ after the loading dose).
Using the standard maintenance dose
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Ewhd.ion of spnsa fraquenq (number d aevem apnaas per 100 minutes) in WophylSne
tmatsd(~ left)andcaffains-baated(at fight)infants.ApneafrequencydsmasesfmmdaysOto
1 (PalOl) and !mm days Oto 5 (R.001) in bothgfoups.

of caffeine (5 mg/kgJ the mean plasma
level on day 5 was 12.74*0.29 mg/L.

Advorae Effects

No adverse effects were observed
before day 5 in either group. After
completion of the study, tachycardii
(heart rate between 165and 210 beats
per minute) was observed during 24
hours in one theophylline-treated in-
fant on day 6. The maintenance dose
that had been given to this infant was
0.9 mg/kg every eight hours. The cor-
responding theophyIline plasma Ievel
was 21.6 mg/L.

No advem.e effect was obsewed in
caffeine-treated infants.

COMMENT

We designed the present study to
compare the efficacy of theophylline
and caffeine in the treatment of recur-
rent idiopathic apnea in premature in-
!knt.s.

Our previously mntrolled stud~had
shown that caffeine decreases signifi-
cantly the incidence of idiopathic
apnea in premature infants. This effi-
cacy had been demonstrated for both
severe apneic attaeka (as defied in the
present study) and for milder forms of
apnea. In contrast with the treated
group, the apnea frequency did not

change fromd~sOtolandfrom daysO
to 5 in the control group Moreover, in
aixofniueinfimt. sinthiaeontrolgrom
a treatment had to be started because
of recurrence of severe apneic attaelw
the firat two infknta had to be intu-
bated, and tieine was used in the
four others (effects of this treatment in
such “control” babies were not in-
cluded in the study).’

We had eatabliahed, thus, that the
spontaneous course of severe apneic
attacks usually was not t%orable, and
that caffeine was able to change it.
when we designed the present study,
therefore, we found it unethieal to
inciude a control group. This present
study confirms the efficacy of both
theophylline and caffeine in the treatm-
ent of the most severe forms of ap
neic attacks. We didnotassessthe
efficacyof either treatment on milder
forms ofapnea, the frequency of which
is likely tm decrease with both drugs,
as it does with caffeine.’

In comparing the efficacy of these
two xanthines on severe apneic at-
tacks, we could not demonstrate any
difference between the two xanthinea.
T%us, * decmasea of apnea fre-
quencies were observed in both groups
fromdays Ot.oland fmmdays Oto6,
and no significant difference could be
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apneaindexeson@ O,1,and5 wem
compared.

Both theophylline and caffeine
provedti besafe,asdemonatited by
the absenceof any complicationor
severeadverseeffect.Weobservedno
signsofexcessivecent~ nervous sys-
tem stimulation, such as jitteriness or
seisures, no abdominal distention or
relati problem, and no influence of
the treatment on the weight curve.

It was less easy, however, to use
theophylline than caffeine. The half-
Iife of theophylline was shorter (mean,
19.5+3 houm; range, 16to 25 hours in
our infanta) than that of caffeine
(66.1*10.7 hours).’ Wechose therefore
to give theophylline three times a day,
as opposed to once a day for caffeine.
Using the same doses, plasma levels nf
theophylline were variable. This ia a

~XiCleda are close. Using-theophyl-
Iine,plasmalevelsofboththeophylline
and caffeine, therefore, have to be
repeatedlymeasuredto allowfordos-
age adjustments.

Despite these adjuatmenti, how-
ever,the plasmatheophyllinelevelwas
toohigh(21.3mg/L)inoneinfantwho
hadtachycardia.
Sincewecomplebxlourfirststudy,’

wehavebeenusingcaffeineroutinely
totreatapnea.lnthisexperience,as
wellasin the present study, the in-
tramuscular mute has been used to
inject the loading dose. It did not
induce any 1A reaction, despite the
acidity of caffeine, perhaps because
the volume injected ia very small. We
never observed any severe adverse ef-
fect of caffeine, the toxicity of which
appears very low. The ease of obtain-

L Aran& JV, Tunnen T Metbylxanthinea im
apnea d prematurity. Clin FkriUaiQiW7S$#l-
Me.

2. SimoneFER, Rigat@ H, Simone KJ: Pbar-
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I?5aevdrd%ineint betreatmeutdnxurrent–.
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4. Midhe KK, Wed S, Hmtaier RD. etak Hiih-
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Spectrometi identification d dimetbylxantbine
metdoliten Maffeine in human plaema. B*
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the difficulties of ukiig theophylli&~
Because dosage adjustment ia ~
required and the risk appears minimal,
we think that, foUowing the fit f~
days of treatment, the plasma caffeti
level does not have to be meas~”
more oftenthanone to two times II
week.

In conclusion, we suggest that cafl
feine, which is no less efficient than
theophylline and is easier to use,
might be the drug of choice for initM
treatment of apnea in premature ini
fanti.

1
{

‘l%iastudy wan supported by the Unit4 d%ni
seignement et de Recberche Ren4 kwartea

We gntefdly acknowledge the assistance c1
Claude Gaudebout (INSRRMU.13)forstatic
ticelenalysis.We thankFrmwiaeMorel-Kah
andtbeewretiesfortheirhelp !
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Metabolismd theophyllinetoafYeineinpr-
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Book Review

‘lbpics in Neonatel Neurology, edited by Harvey B. Sarnat, 299pB with
iltue, New York Gmne & Stntton IN, 1SS4.

This text was conceived as a selection of topics in neonatal
neurology in which there have been recent rapid advances in
knowledge. Seved topics are discussed by more than one
contributor. The book appears to be targeted mainly toward
neurologists involved in the cam of newborns, although
neonatologist.s will certainly appreciate many of the topics.

The varieties of neonatal seizures are described under
three topics: the diagnosis and management of hypoxia-
ischemia, the electroencephalogram (EEG)intheneonatal
period,andneonatalseizures.Inthelathr,theimportant
roleoftheEEG intheidentificationofsubtleseizuresia
stressd,anditisemphasizedthatstereot~dmovemenk
andgeneralizedparasympatheticdischargesarecommon
releasephenomenaandrarelyrepresenttrueseizures,as
reflectedbyEEG ictalactivity.
Perinatalcerebralh~xia-ischemiaisdiscussedastwo

topics.Thesectiononpathogenesisandneuropathology
focusesontraditionalpathologicconceptiandonmore
recentidesaofabnormalcerebralbloodflowandpefision.
Currentconceptsofthecausesofperiventrieularand

700 AJDC-VOI 139, July 19SS

intraventricular hemorrhage-in particular, alterations in
cerebral blood flow and capillary injury-are outlined in
another section.

Neonatal bilirubin encephalopathy and hyperammone-
mic encephalopathies are discussed as sepamti topics, and
there is a section on the necrologic complications of men-
ingitis.

The pathophysiology of idiopathic apnea ofprematurity is
reviewed with emphasis on rapid eye movement physiology,
although, as correctly stated in a subsequent section, the
rapid eye movement state is not fully developed in the very
premature infant. A discussion of ultrasound in the diag-
nosis ofdevelopmental defects and cerebral ischemic lesions
would have been useful,

I recommend this book to anyone concerned with the
neurological care of the newborn as a sound update or
recent advances in this rapidly changing area.

SUZANNE L. DAVIS, MB, CHB
Departments of Pediatrics anc

Neurology
University of California, Davk
Sacramento, CA 95817

Idiopathic Apnea- Brouard et d
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Canister nebulizers Notes

_Q<Kelling JS, Strohl KP, Smith RL et al. Physician knowledge
__’I the use of canister nebulizers. CJresf. 1983; 83:612-4.

“attersfield AE. Bronchodilator drugs. F%armacolTher, 1982;
.99-313.

11. GlaxoIncorporated. Ventolin inhaler package insert. Fort
Lauderdale, Fl;1982 Jan.

12. Duncan RC, Knapp RG, Miller MC. introductory biostatistics
for the health sciences. New York: John Wiley & Sons;
1977.

Stability of titrated caffeine
solutions for injectable and enteral
use

MARION G. EISENBERG AND NANCY KANC

Am J Hosp Pharm. 1984,41.2405-6

Caffeine is used to treat apnea in premature in-
fants because it increases central nervous system
response to carbon dioxide. * The use of titrated
caffeine for apnea of prematurity is mentioned fre-
quently in the literature, but no formulations for
injectable or oral use, nor studies of their stabilities,
have been published to date. This study was un-
dertaken to fill that gap.

Methods. A formulation developed at MontreaI
Children’s Hospital in Montreal, Quebec, Canada,

.=.wides 10 mg active caffeine base per milliliter of
kion. The procedure uses bactenostatic water to

~,ssolve the titrated caffeine powder, Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the presemative in bac-
teriostatic water,z we used Sterile Water for Injec-
tion, IJSP, in our formulation.

Preparation for Injectable Use. Citrated caffeine
powder (purified, Mallinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, USP, 250 m]. The solution was transferred
into a .500-ml empty evacuated container (EEC) using
a plasma transfer set. The same EEC was filled with
sterile water to the 500-ml mark. The solution was
filtered through a 0.22-~m filter set into another

WO-ml EEC. The solution was then transferred into
Sterile 10-ml empty vials.

The vials containing the injectable titrated caf-
feine ~]ution were autoclave at 121 “C for 15
minutes and a]iowed to cool, Each vial was labeled

MARION C. EISENBERG is Clinical Pharmacy Coordinator for
Intensive Care and NANO fiNG is Assistant Director for Qualih
Assurance, Department of Pharmacy Services, Children’s HOS-
pital National Medical Center, Washington, DC,

Address reprint requests to Ms Eisenberg at the Department
Of Pharmag Semites, Children’s Hospital ?dational Medical

~nter, 111 Michigan Avenue, N. W,, Washington, DC 20010.
~a~nted at the ltlth Annual ASHP M]dyear Climcal Meeting,

.nta, Qorgia, December 6, 1983.

~pynght @ 1984, American Society of Hospital Pharmacists,
hic. All rights re~~ed, ~2-9289/ 84/ 1101-2405$00.50,
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and sealed with an lVA seal (U.S. Clinical Products,
Richardson, TX 75083). One viaJ was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stabillty
testing at time zero and at monthly intervals for four
months.

Preparation @ Enferal Use. Citrated caffeine pow-
der (purified, Mallinckrodt) 10 g was dissolved in
Sterile Water for Irrigation, USP, 250 ml. The mix-
ture was stirred until completely clear. A flavoring
agent (simple syrup and cherg syrup in a 2:1 ratio)
was added to increase the volume to 500 ml. Initially,
10 ml of solution from each of three batches was sent
to the laboratory for assay. Samples from the three
batches were taken on days 14, 30, 60, and 90, and
one batch was studied at day 120.

Assay Method. The concentration of caffeine in
solution was determined by high-performance liq-
uid chromatography (HPLC) as described by Ou and
Frawley.3 This method differentiates between caf-
feine peaks on the chromatogram and peaks made
by other methylxanthines such as theophylline and
theobromine.

Dilutions of 1:500 and 1:1000 were prepared for
chromatography. Each sample contained the titrated
caffeine solution 0.1 ml, internal standard (a-hy -
droxyethyl theophylline 15 pg/ ml) in acetonitnle
(HPLC grade) 0.1 ml, and extraction solvent (HPLC
grade 95% chloroform and HPLC grade 5% 2-pro-
panol) 2 ml. Each sample was vortexed for 30sec-
onds in a 13 X 100 mm glass test tube. The tube was
then centrifuged for five minutes at 3000 r.p.m., and
the bottom layer was transferred to a clean test tube
and evaporated to dryness, The residue was dis-
solved in methanol 75 PI, and 20 PI of the dissolved
sample was injected for the assay. The results were
calculated based upon the peak height ratio of caf-
feine to the internal standard. Each sample was run
twice at each dilution. Stability was assumed if the
reported concentration was 290% of the original
intended concentration,

Results and Discussion. Results are in Table 1.
Assuming that caffeine concentrations of 290’% of
intended concentration are stable, results indicate
that both the injectable and enteral products are
stable for at least 90 days, Results for the injectable
batches and for one enteral batch indicate the pos-
sibility of extending usable shelf-life to 120 days.
Two batches that were run in duplicate confirmed
our initial results. A third enteral batch was run
because of slight deviation in results for our second
batch.

A concentration at time zero for injectable solu-
tion 1 was not obtained because of coordination
difficulties between the laboratory and the phar-
macy. No sample of enteral solution 1 was sent on
day 90, and no samples for enteral solutions 2 and
3 were obtained on day 120 because of the small
demand for the solution beyond the three-month
period.
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Notes Caffeine solutions

Table 1.
Caffeine Conoentratlonsa (rng/ml) In Injectable and
Enteral Solutions

Sampling
Day Solutii 1 Solution 2 Solution 3

Injectable
o

30
60
90

120
Enteral

o
14

30
60
90

120

10,2
9.9

10,2
9.2

9.5
10,1
10.4
9.7

;0.0

9.9
9.7

11.0
9.1
9.6

8.6
9.0

10,0
96
8.7
,..

.,.

10.8
10,0
10.0
11.2
11.4

.

a Concentrations reflect average value of each sample run; initial con-
centration was 10 mg/ml.

Tests for microbial growth were negative. Sterili~
testing is performed for each new lot of injectable
caffeine that is compounded by the pharmacy; the
product is quarantined for 14 days before use, to
await final cultures.

Conclusion. Extemporaneously prepared solu.
tions of titrated caffeine in sterile water and in syrup
are stable for at least three months.
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Pharmacist in paradise
CORDON G. MCGUIRE

Am J Hosp Pharm. 1984, 412406-9

One of the numerous inducements for entering the
health profession is the idea that the universal need for
health care allows an almost unlimited choice of places in
which to practice. Unfortunately, opportunities to work
in exotic settings are extremely rare and finding a position
is more frequently a product of chance than of design,

This was true in my case. Practicing pharmacy on a
tropical island in the Pacific was mere fantasy: The reality
crept up on me. In the winter of 1979-80 while I was em-
ployed as a staff pharmacist at Univemity of California-
San Diego Medical Center, I heard about a pharmacv
teaching position in Micronesia.

A Federal Health Manpower Development Grant had
been funded that called for a multidisciplinary training
program to be centered on Ponape in tk. L@ern Caroline
Islands, It included a special provision from the National
Health Service Corps (NHSC) to have a group of health-
care professionals who could serve as on-site faculty. In
all, the NHSC agreed to provide six practitioners—an

COROON G. MCGUIRE, PHARM. D ,is a staff pharmacist, L’ni-
versity of California-San Diego Medical Center, San Diego, CA
92103.

2406 American JournalofHospitalPharmacy Vol 41 Nov

internist, a pediatrician, an obstetrician-gynecologist, a
surgeon, a dentist, and a pharmacist. Ultimately, all po-
sitions except the surgeon’s were filled.

The program’s funding allowed the practitioners to
bring their families, some household goods, and a motor
vehicle. My wife and 8-year-old son accepted this exotic
adventure enthusiastically. My decision was finalized
when the Medical Center agreed to grant me a two-year
leave of absence, thus alleviating my concern about
finding work when the adventure was over.

Island Living

The most dramatic realization my family and I made
living in Micronesia was how many modern conveniences
we took for granted living in California. Now, every time
I turn on a light switch or a faucet, I marvel at how de-
pendable these things are in the United States. During one
three-month period in Ponape, we had electricity only
from midnight until 7 a.m. because of a series of break-
downs among the island’s electrical generators. Our
telephone number had only three digits, never worked

when it rained hard, and really was not very dependable
in good weather either. Water, although a bit more reliable
than electricity, was turned off every evening, making
showering, dishwashing, and toilet flushing impossible
after 8 p.m. Like the electricity, the water service also had
shutdowns; however, they frequently lasted only several
days.

1984



A. INGREDIENT NAME;

CANTHARIDIN

B. Chemical Name:

2,3Dimethyl-7-Oxabicyclo [2.2. 1.1 Heptane-2,3 Dicarboxylic Anhydride

C. Common Name:

Canthacur, Cantharone, Verr-Canth. Canthacur-PS; Cantharone Plus, Verrusol

D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Result: The IR Spectrum exhibits the at WN>l 800, which is typical of Anhydrides and it
conflormswith the data reported in literature [Stork, G:van Tamelen, E. et. al, J Am Chem
SOC.75,388 (1953)]—

E. Information about how the ingredient is supplied:

Colorless glistening or orthorhomibic plates, scales

F. Information about recognition of the substance in foreign

G.

-

pharmacopoeias:

span.

Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Rosenberg, E. W., Amonette, R. A., and Gardner, J. H. Cantharidin treatment of warts at
home (letter). Arch Dermaiol, 1977; 113(8):1134.

Harwell, W. B., Buchanan, Jr., R. N., and Hamiltoq J. R. Foot Care. J Tennessee A.4eu!
z&K2C., 1978;71:830.

Rosenberg E. W., Amonette, R. A., and Gardner, J. H. Foot Care. Arch. Demaiol.,
1977; 113:1134.
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H. Information about dosage forms used:

Liquid
Apply directly to the lesion and cover the growth completely.

I. Information about strength:

0.7V0

J. Information about route of administration:

Topically

IL Stability data:

Melts at about 216-218°. Sublimes at about 11OOwithsome fimes.
Stable

L. Formulations:
.-%..—

M. Miscellaneous Information:

—=
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___ CXR’TH?ICATZ OF ANALYSIS

CANTHARIDIN

2,3 DIMETHYL-7-OXA.BICYCLO [2.2. 1.1 HEFI’ANE-2,3 DICARBOXYLIC ANHYDRIDE
- -1

BATCH NO. :2C/97

Appearance L
,--

Colorless glistening orthorhombic_pl.&es-~

Identification
Thin-Layer Silica Gel Plate Merck 60F254
Chromatozrmhv Eluent: CH12C12MeOH: H2~86.5: 10:0.75

Infraredspectrum:

GLC

-..
Detection: Iodine-saturatedchamber the spots are fixed with starch solution

Result: 1 single spot with R-f Ca. 0.76. The product is
Chromatographkallypure.

Medium:KBr Tablet
Concentration: 1/300

Apparatus:PerM.n-Elmer

(

ResulC The IR Spectrum

P

exhibits the at WN> 1800, which is typical of Anhydrides and it
conforms with the data reportedin literature [Stork G:van
Tamele& E. et al, J Am Chem Sot. 75,388 (1953)]

)

Solution 0.170 in Ethyl Acetate, 4 microl.im are injected
_ Chromosorb W 100/120 meskOV
173% (Methyl-Phenyl Silicone 50:50), lend 2m /.

I?Jim2E250C
Deteetor 250C

Temcaature:

Melting point

Residue on ignition negligible

1200C-1800C, 100Chn.inute

Result: 1 single ~ no side peaks. The product is GLC-pure.

found 216aC, required by BPC:

(sealed tulx. uncorrected) 216-218°C

required by BPC less
than 0.1 per cent.

_— /
.

THE ABOVE TEST RESULTS HAVE BEEN OBTAINED BY OUR WWA.CTLRE%’SLTPLEWOR IN OUR QUAIXl_YCONTROL LABORATORY.
THE DATA IS PROVIDED AT THE REQUEST OF AND FOR THE CONVENIENCE OF THE CUSTOMER AND DOES NOT RELIEVE THE CUSTOMER
OF ITS RESPONSIBILITY TO VERIFY IT. THIS AXALYSIS IS NOT TO BE CONSrRCTD AS A W’.AWUNTY. EXPRESSED OR IMPLIED

.
.,/

./

. .-—-



QUALITY CONTROL REPORT

cHEMICJU NAKE. : CANTHARIDIN

MANUFACTURE LOT NO. :2C/97

PHYSICAL TEST

sPECIFICATION TEST STANDARD. :Usp /BP /~R~ /NF_/~T”_/CO OSpECS”_”—. —

l)DESCRIPTION .:
COLORLESS GLISTENING OR ORTHORHOMBIC PLATES,SCALES.

2)SOLUBILITY. :
INSOLUBLE IN COLD WATER,SOMEWHAT SOLUBLE IN HOT WATER.ONE GRAM
DISSOLVES IN 40ml ACETONE,65ml cHLoRoFORM,560ml ETHER,150ml ET-
HYL ACETATE.SOLUBLE IN OILS.

.-
3 MELTING POINT.:

k<
MELTS AT ABOUT 216-218 degree.SUBLIMES AT ABOUT 110 degree WITH
SOME FUMES.

4)SPECIFIC GRAWTY. :

5)IDENTIFICATION. :
A)COMPLIES AS PER IR SPECTRUM CO.SPECS.

PASSES. :

cOMMENTS. :

ANALYST SIGNATURE. : DATE .:

PREPACK TEST. : DATE. : INITIAL. :

RETEST .: DATE .: INITIAL. :



..-. ------------------ IDENTIFICATION -------------------
PRODUCT #: C7632 NAME: CANTHARIDIN
CAS #: 56-25-7
MF: CIOH1204

SYNONYMS
CAN * CANTHAJUDES CAMPHOR * CANTHARIDIN * CANTHARIDINE *

CANTHARONE *
EXO- 1,2-CIS-DINIETHYL-3,6-EPOXYHEXAHYDROPHTHALIC ANHYDRIDE * 2,3-

DIMETHYL-7-0XABICYCLO(2,2, 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE *
4,7-

EPOXYISOBENZOF W- 1,3-DIONE, HEXAHYDRO-3A,7A-DIMETHYL-,
(3A-ALPHA,4-

BET~7-BETA,7A-ALPHA) * HEXAHYDRO-3A,7A-DIMETHYL-4,7-
EPOXYISOBENZOFURAN- 1,3-DIONE * KANTHARLDIN (GERMAN) *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: RN8575000

7-0XABICYCLO(22, 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE, 2,3-DIMETHYL-

TOXICITY DATA
ORL-HMN LDLO:428 UGIKG 34ZIAG -,646,69

-. IPR-MUS LD50: 1 MG/KG JAFCAU 35,823,87
REVIEWS, STANDARDS, AND REGULATIONS

IARC CANCER REVIEW: ANIMAL LIMITED EVIDENCE IMEMDT 10,79,76
IARC CANCER REVIEW: HUMAN NO ADEQUATE DATA IMEMDT 10,79,76
IARC CANCER REVIEW: GROUP 3 IMSUDL 7,56,87
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
CARDIAC (ARRHYTHMIAS)
SKIN AND APPENDAGES (TUMORS)
TUMORIGENIC (NEOPLASTIC BY RTECS CRITERIA)
TUMORIGENIC (EQUIVOCAL TUMORIGENIC AGENT BY RTECS CRITERIA)

ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES
(RTECS)

DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE
INFORMATION.

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE FATAL IF INHALED, SWALLOWED, OR ABSORBED THROUGH SKIN.

VESICANT
CAUSES BURNS

---
MATERIAL IS EXTREMELY DESTRUCTIVE TO TISSUE OF THE MUCOUS

MEMBRANES



.--% THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE

.-=



.#--!4h. SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTWE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES,

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------
STABILITY

STABLE,
CONDITIONS TO AVOID

LIGHT SENSITIVE
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

EVACUATE AREA.
WEAR PROTECTIVE EQUIPMENT.
CAREFULLY SWEEP UP AND REMOVE.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS.-.

COMPLETE.
WASTE DISPOSAL METHOD

INCINERATE IN A FURNACE PROVIDING ENVIRONMENTAL REGULATIONS
PERMIT.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

MOSH/MSHA-APPROVED RESPIRATOR.
USE ONLY IN A CHEMICAL FUME HOOD.
COMPATIBLE CHEMICAL-RESISTANT GLOVES.
CHEMICAL SAFETY GOGGLES.
FACESHIELD (8-INCH ~)
VERY TOXIC BY INHALATION, IN CONTACT WITH SKIN AND XFSWALLOWED

CAUSES BURNS.
POSSIBLE RISK OF IRREVERSIBLE EFFECTS.
IF YOU FEEL UNWELL, SEEK MEDICAL ADVICE (SHOW THE LABEL WHERE

POSSIBLE)
WEAR SUITABLE PROTECTIVE CLOTHING, GLOVES AND EYWFACE
PROTECTION
DO NOT BREATHE DUST

~-x POSSIBLE CARCINOGEN
VESICANT



.&-% AND UPPER RESPIRATORY TRACT, EYES AND SKJN
INHALATION MAY BE FATAL AS A RESULT OF SPASM, INFLAMMATION AND

EDEMA

OF THE LARYNX AND BRONCHI, CHEMICAL PNEUMONITIS AND PULMONARY
EDEMA

SYMPTOMS OF EXPOSURE MAY INCLUDE BURNING SENSATION, COUGHING,

WHEEZING, LARYNGITIS, SHORTNESS OF BREATH, HEADACHE, NAUSEA AND

VOMITING,
CHRONIC EFFECTS

PROLONGED CONTACT CAN CAUSE:
CHEMICAL PNEUMONITIS,
PULMONARY EDEMA, EFFECTS MAY BE DELAYED,
SEVERE GASTROENTERTTIS, NEPHRITIS, COLLAPSE, DEATH MAY OCCUR. *

POSSIBLE CARCINOGEN
FIRST AID

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS
CONSCIOUS

CALL A PHYSICIAN.
IN CASE OF SKIN CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. REMOVE CONTAMINATED CLOTHING AND

SHOES. CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR. IF BREATHING BECOMES DIFFICULT,
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES. ASSURE ADEQUATE FLUSHING BY SEPARATING

THE EYELIDS WITH FINGERS. CALL A PHYSICIAN.
ADDITIONAL INFORMATION

*MERCK INDEX, ELEVENTH EDITION (SIGMA PRODUCT M2404)
-------------------- PHYSICAL DATA --------------------

MELTING PT: 216 TO 218’C
VOLUBILITY: ACETONE-SOLUBLE CHLOROFORM-SOLUBLE

WATER-INSOLUBLE
APPEARANCE AND ODOR

SOLID,
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
-._- CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

WATER SPRAY.
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Seatraca-Cent.
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decongestant effect of paeudoephedrine on th
swollen mucosa of the respiratory tract, Gua
fenesin, an ether, is capable of being partiall,
eliminated by way of the expired air, and 1
therefore able te exert a lacal expectorant ac
timr in the respiratory passages. Guaifeneei]
makes expectoration freer and easier, becaus
the respiratory tract secretions are made mor,
fluid and thereby more easily expelled.
Indication. Veraacaps are indicated forth,
symptomatic relief of cough in conditions suci
as the common cold, acute brmrchitis, aIlergi,
asthma, broncholitis, emphysema, and tra
cheebrochitie. Veraacapa are alsa indicated fo]
relief of nasal congestion, chronic rhinitis, al
lergic rhinitis, and post nasal drip of chronit
sinusitis.
Contraindfcatiomc Severe hypertension 01
severe cardiac disease, sensitivity to ant ihiata
mines or synrpathomimetjc agenra.
Warnings: Uae with caution in patienta auf
feting from hypertension, cardiac disease ot
hyperthyroidiam.
Precaution% Although Wudoephedrim
hydrochloride catws virtually no preesor ef
fact in normotenaive patients. it should be uaec!
with caution in patients with hypertension.
Adverse Reaction* The great majority 01
patients will have no side effects.Only certain
patienta, sensitive to one or another of the in.
gredienta, may note mild stimulation or mild
sedation. As with other preparations contain.
ing antihiatasninea, drowsiness may accur in
some patients; if so, it ia usually transitory,
disappearing within a few days of continu~
therapy or upon reduction of dosage. Other
aide effects produced by antihistamine drugs
include dizzineea and dryrreaa of the mouth,
Gaetrointeatinsd irritation has been reported.
Usual Adult Dosagti TWO capsules every 12
houm, one capsule in mild cases.
Children 8-12 1 capsule every 12 hours.
How Supplied In bettlee of 100and 1000.
Dispensein a tight, light resistant centainer as
defined in the National Formulary.
Cautiom Federal law prohibita dispensing
without a nreacrintion.

CONTAINS NO ~6iC YELLOW DYE No. 5
[DYE FREE)

SERES Laboratories, Inc.
3331 INDUSTRIAL DRIVE
Box 470
SANTA ROSA. CA 95402

CANTHARONE@ R
L=mrtharidincollodion)
For External Use Only

Description CANTHARONE@, canthari-
din collodion, is a to ical Ii uid containing

#%1--+-0.7% cantharidin I a I m- orrnmg vehicle
containinze, ethocel and flexible colla.
diem Ether 35%, alcohol 11%. The active in-
gredient, cantharidin, is a veeicant. The chemi-
cal name ia Hexahydrc-3aa, 7aadimethyl-4&
7&r0xyia0ben7.ofuran-1, 3-diOne. C&ll.ZOd
Clinical Pharmacology The vesicant. ac-
tion of cantharidin is the result of ita primary
acantholytic action. Its effectiveness against
warta ia presumed to result from the “exfolia-
tion” of the tumor as a consequence of iw ~can.
tholytic action. The Iytic action of cantharidin
drres not go beyond the epidermal cells, the
basal layer remains intact and there is mini-
mal effect on the corium; aa a result there is no
scarring from topical application.

Indications and Usage Cantharmre@ ia
indicated for removal of warta and molluacum
corrtagioaum. It is designed for topical appiica.
tion by a physician. Painless application and

Product Information

the abaence of instruments makes it eepeciall
useful for treating children. See Doeage art
Administration section for specific direction
for use.
Contrairsdicatiom: Cantharone@ is no
recommend&d for treatment of meeaic war@
Warnings Cantharidin is a strong veaican
and Carrthamne@ may praduct blisters if i
comes in contact with normal skin or mucou
membrane. If spilled on akin, wipe off at one{
using acetone, alcohol or tape remover. The]
wash vigorously with warm auapy water am
Mae welI. If spilled on mucous membrane o
in eyea, flush with water, remove precipitate
collcdion, and flush with water for an addi
tiorref 15 minutes. Residual pigment change
may occur. Patienta vary in their sensitivity v
cantharidin and in rare cases tingling, burninl
or extreme tendem- may develop. In thee
cases the patient shor.dd remove tape and SOS]
the area in cad water for 10 to 15 minutes, re
~ating 55 required for relief. If aerenee4 per
sista, puncture b]ister using sterile technique
apply antiseptic and cover with a Band-Aid, I
is advisable to treat only one or two lesions oi
the first viait, until the sensitivity of the pa
tient is known. For external use only.
Precaution There have been no adequats
mrd well-controlled studies on the use of can
tharidin in pregnant women or nursing moth
era, therefore the use of Canthamne@ durin~
pregnancy or in nursing mothers is not recoin
mended.
hrtharone@ is flammable keep away fmrr
mat, sparks and flame.
Adverse Reactionw The development 01
tnnular warts following Canthamne@ ther
W’ has been mpmt-sri in a small percentage01
patients These lesions are supertlcial and
although they may alarm some patients, pre
ient little problem. Treatment consists of pa
:ient reassurance and m-treatment using ei.
:her Cantharone@ or other procedures. Thers
me been one report of chemical lymphangiti
‘ollowirsg use of Cantharone@ in combination
with ealicylic acid plaster.
Joaage and Administration: OrdinaSYam
wriursgual ararts-No cutting or prior treat.
nent is required. (OcceaiOnaIly nails must be
rimmed to expcee subungual warta to msdica.
ion.) Apply Canthamne@ directly to the Ie
~iom,cover the growth completely using an
~PPllcator stick.Allowafewseconds for a thin
nembrane te form and cover with a piece of
Ion-porous plastic adhesive tape e.g. Blen.
Ierrn. Instruct patient to remove tape in 24
Lou-a and replace with a luoae Band-Aid. On
)ext visit remove necrotic tissue and reapply
lmtharone@ to any growth remaining. Defer
econd treatment if inflammation is intense. A
ingle application may suf?ice for normally
:eratinized skin.
%sntar warts —Pare away keratin covering
he wart: avoid cutting viable tiaaue. Using a
)-tip or applicator stick, apply Cantharone@
o both the wart and a l-3mm margin around
he wart. Allow a few minutes to dry. Secure
rith non-porous plastic adhesive tape. Leave
n place for a week, then debride, If any viable
tart tissue remains after debridement, re-ap
Ily a small amount of Cantharone@ and ban-
age aa above. Three or more such treatments
nay be required for large lesions. When d-
truction of vu-t is complete, the healed site
?ill appear smeeth, with normal skin lines.
‘alpebmi warts —Using a touthpick or fine
robe, apply a small amount of Canthamne@
o the surface of the wart. Avoid touching sur-
rounding norm-ml skin or applying inside the
ye lashes. Leave lesion uncovered. Repeat in a
reek or ten days if any growth remains,
vfol[u.rcum contagiosum --Coat each lesion
{ith a thin film of Cantharone@, In one week,
rest any new lesions the same way and retreat
ny resistant lesions with Cantharone@, this
Ime covering with a small piece of occlusive
lW me ~pe shOuld be removed in G to s
ours.

Alwaya co~

How Suuplicd 7.5 mL h-

Direct inquiries to Kath~v
.,.

CANTHARONE PLU’$+J&
For External Usa Only ,,~

Deacriptiom CANTHAROI
@pica] liquid containing 30,1
5’% podophyllin, 1% caat.hel
forming vehicle containingfl.
polyethylene glycal, CSIIWI

7dion, c~tnr oil and acehne~ ,
%dicyhc acid is a derabl~
name is 2-Hydroxybanmic~
s caustic. It is an extrad o~~
mats of Padophyllum pelta~~
a veaicant, the chemical ,~.
3acr, 7aadimethyl+3, 7@~
1, 3dione,
How Supvlied: 7.5 mf%$

Oirect inquiries to Katb@’

:,,;-.4

Serono l-aboia~~

bmno Laboratories, d.,~~
mswer inquiries abeut tf@~

.:~”

MELLACRIN61 , ,,md
sematropinl “.3Viq

‘%X7tNTRA MUSCULAR” IN:

)aacrfption: Aaellacrin~~
terile, lyophilimd, purifd~.i
nOne extracted fmm the ,J .
:land. ,m%~
lre petency of Aaelhicrin (m
ermined by bloaeeay in- hM

~inand 40 mg of mannito[.t~
ion, each milliliter of Aaellaqr
ontaina 2 IU of eematmpip k,.
~itol as well os other pit@er

;orticotropin (AC71’H)lees ._@

-.—..-..
‘he pH is adjusted between-6~$
rcchlor-ic acid and/or eodium~
Unicai Pharmacology :.-i’~
i. Skeletal Growth ‘“s
sellacrin (somatropirrl’ ‘;d~
rowth in patients with pitui@
lone deficiency, The meawm.”.
rowth (bcdy length) after eom?~
;tration reeuka from ita etTe@J!P
us growth areas of the long bon?%)
Iat eomatmpin’s effect ia mai
on factor, or sematomedin w!.
lcorperation of sulfaw into C4@
lmedin is low in serum of the grO?
eficient patienta whose growth f%?!
ency is the result of hy~pitui~
ophysectomy, whereas ita pm
emonstrated after eamatccrpin iti
. Cellular Growth , i Jfl
~addition te its effect on tfie skel
]pin brings about an increase in ~
nd visceral mass. In mueci? +@
waaa in mass “wobacrved by a ~
icreaee in number and dime~ior)
ber cells. , >3U



2,Frank DA, cl al. Neonatal Lwdy pmpamonabty and bndy com-
postrion After in u[ero exposure [a ccctine and marijuana. J
Pediuw 1990:117:622-6.

3. Silverman S. lmeracfion oi dreg-~ busing mother, fclus. types
of drugs cxamlned in numerous studies, JAA4A 191t9, 261:
[689, 1693.

Psychoafs. References to psychosis moci~[cd with camra-
bis.
1. Rommburg D. et u(. Cannabis-associated psychoses wllh hy-

pomanw fcalures. Luwer 1982: ik: I 364-6.
2. Andreasson S, cl al. Canmibts *nd $chlzophrmw a longimdi-

nrd study oi Swedish con.scripls.J.@cef 1987: ii: [483-.3
3. Wylie AS, et al. Psychosisduc to ‘“skunk”.BrM.d J 1995:311:

125.

Treatment of Adverse Effects
Mildpanicreactions do not usually require spceific tftempfi
reassurance is generally sutlicieni. Diuepam may bc neces-
sary for severe resctions.

Ffumazenil was effective in reversing coma in 2 chddt’en who
had ingested catrnabk.1
1. Rubm F, .1 al. F3umazeml for coma reversal m chtldren after

cmmzbts. L&cr 1993; 341: 1028-9.

Precautions
Cannabis has been reported to afkt dc+ving. Csnrmbis and
alcohol have xbfbive effects: intemctiom might be expected
between cannabis and a wide mnge of drugs.

Interactions. Antimusctinic ogents. including tricyclic
antidepressants, may produce tidltive increwes in heart rmei
w hercaa convetsel y propmnolol tends to awwmte crmnabis-
induced tachycareh. Limited evidence imticmes tfxu a com-
binmio~ of disulfiram and cannabis may produce a hypnmam
ic soue.- For I suggestion that cxuutbis smoking can increase
the ciewance of fheophylline, see p. 166 f.
1. Hiilard JR. ViewcgWVR. Marked sinus mchycardia resuhmg

from the synergWtc cffecu of man]uana and normplylme. .Am
J Ps.vchiutry 1983, la. 626-T.

2, Lacoursierc RB, Swalek R. Adverse inleracrlon between di-
suitiram and manju ma: a case rewn. Am J Wchiw 1983;
1402434.

Pharmacokinetics
‘he active principles of cannabis arc abso~ tinm the gm-
tru-intesnmd tmet md the lungs.

About 50% of the Ay-tetmbydrwann* inol available in can-
nabis is pmsem in the smoke inhaled from a whoie cannabis
cigsrette, T’Msproduces an effect almost immcdia(ely. reach.
es a peak in 20 to 30 minutes, and Mdis.sipmed in ahcmt 3 to
4 hours. When cannabis is taken by mouth absorption maybe
slow md isregular. Effects we not seen for 30 minutes m 1
hour and persist for tit 8 hours.

Tetrabydnwmnabinol is lipophilic and becomes widely dis-
oibuted in the bndy. [t is extensively metabolised. primarily
in the liver, to the active 1I-hydroxy derivative; both are ex-
tensively bound to plasma proteins. It is excreccd in the urine
md fzeces, sometimes over prolonged periods. Excretion
may be more mpid in chronic users

Pregnancy and the neonate. Cannabinoicfa cross the pla-
cental curdare excreted in breast milk.2 For the effects of can-
nabis on the neonate, see above.

1. Pacific} GM, No!k?li R. Placmlal transfer of drugs adminis-
tered m lhe molher, Clin Pharmacokincr 1995: 2% !3549.

?. Amcrlcan Academy of Pcdiamcs Commmee on Drugs The
mwrsfcr of drugs and oticr chemicals iino human mdk. Pcdiat-
ticJ 1994;9>137-50.

Uses and Administration
Cannabis was formeriy employed w a sedative or narcotic. Its
main active constituencyA*-tctrahydroeannabinol (dronabinol,
scep.1218) and a synrbetic carmabhol (nabtlone. see P. 1230)

are used as arrtiemetics in patients receiving cancer chemo-
d-mmpfi they we alsu being investigated for a number of other
potential therapeutic uses. Anecdotai repnrts exist of bcnetl
from cannabis in I variety of disosdsm fneludlng glaucom~
malignmrt ncoplasms, multiple sclerosis, and MDS.

References to the pcxemitd medicd uses of cmrnabis.
1. JMvle E. Sccncc AA. Cannabis xr a medicme? 8r J Atmesth

1945, 7& 3%-61.
2. Gray C. Cannabis—{he thera@lc @cntlai. pha~ J 1‘5:

254: 771-J.
3. Grinspoon L. Bakalm JB. Marlhu~m = a mcdiclnc: a Pica fOr

reconudcration. JAMA 1995: 273! 1875J3.
4. Wills S. The use of cannabis in multiple sclcmsis. Pharm J

1995; 22S: 237-8.

Canola Oil (17665.1)

Canola oil is a form of rape oil (xce p. I 748) from strains se-
Iccted for low erucic zcid comenr. 11is uacd as an edible oil
and in pharmaceutical manufacturing md cosmetics.

Cantharides (12s17-Q

Blistering Beede; Canthms Insecres CO(&Opc&es
Het&om&rex LW Mdoldes: RussIan Fhes: Spamsh Fly.

Camphor/Capsicum IOSS

The dried beetle Can/JtariS vesicarotia (=Lytra vesicaroria)
[Meloidac) or other spp.. containing not less than 0.6% of
cambmidin.

Adverse Effects
Following ingestion of carrtharides there is burning pain in the
throat and stomach. with difficulty in swallowin~ niruse~,
vomiting, haematemesis. cbiominaf p~in. blmxiy dkmhoea.
wrd tenesmus: renal pain, frcqwrt micrurieion, haemmurio,
uraemia: severe hypotension and circulatory failure. Ord
doses of cmctfmridin (the active ingredient of camhtides) of
less dam 65 mg have been Ierhal. A dose of 1 mg or cont~ct
with one inrect can produce dkessing symptoms. Skin con-
tact results in blisters.

Refemrces.
1. Hundt HKL, et al. Post-mortem scnrm concmlmlton of cm-

(hmidin in a fatal case of camhandm pwming. HumExp Tox-
icoi i9W 9 35-CO.

Uses and Administration
Preparations of cmrcharides have been employed externally M
ruhefacienfs, comtrer-irnfant$ mrd vesicants. They should not
bc taken internally nr applied over Isrge surfaces owing to the
risk of absorption. Ilre use of cantbtides in cosmetic prod-
ucts is prohibhed in the UKbylaw.
Cwcthirrides is used in homoeopmfdc medicine.

Mylabris (CMneac bfisteting bettle: Chinese cantharides br-
dkrrr blistering bcetfe), tfrc dried teetfes of rhe species My/cI-
bru.r sidae (= M, phcdemfa), M. cichoni, and IM. pnsrukzror,

has been used as a substitute for cambarides and as a source
of caaffmridin (see below) in the East.

Preparations
Names of preparations arc Mud below: demiis are given in Pm 3.

Proprietary Prapasadons
Multk-in@kt prepandona. SPuim Frikton.

/J

Cymidisu 2s I8-q)
H

Hexahy-@-~@a&l!m @Yy4f3@-e60
1-W m(re. ~-e-----
C~04 = 196.2.
C-45 — 56-25-7.

CanthariJ1n is obtained from cmxfmcides or mylabris (see
above under CantharidcS).

Camfmridin in flexible colldion has ken ~pplied for the re-
moval of warts. [t has afso been used in veterinary medicine.
Owing to the high toxicity of catuftaridin it is tecommcnded
that preprmions con”dning it should not be used medicinally.
Adverse effects am those described for Camharides (see
above),

Preparations
Names of prcparafiom arc fisted below: deltils arc given in Pm 3.

Proprietary Prsparatims
cd.: Cgmhm.w Camh-. USA: c-t; vs.
Multf-@’edlent prepandeos. Card: Camtarcur-PS; Can-
Ummmu. USA: Cambamne Pluw Veps@-

Capsicum (4617-w)

Capsic,: Capsici F-x Chdlies: Pimem Rouge; PimentSo;
Spamscher Heffer.
CAS — 404-86-4 (copsmcin).

Nom Ground cayenne pepper of commerre is normally a
blend of varieties. Paprika is from Chpsicum annuum var.
kmgunu i[ is milder tbmr capsicmn.
Pharmacofmem In Ausr-, Ger.. Hung, It, jpn, and SWIS.
US includes capsicum oleoresin.

The dried ripe fmits of Capsicum mmtmm var. minimum and
smal-fnrited vsrieties of C.@rescen.e (Solanaceae).Some
phmnrwopoeias allow diffemrt varieties. h contains not less
than 0,5% of tfrc pungent principle capsaicin. Stnre in a cool
dry place. Protccr from Iigbt.

Capsicum Oleoresin (USP23)isanafcotmlicextractof cqr-
sicum. It is a dark red oily liquid Soluble in alcohol, in ace-
tone, in ether, in chloroform, and in volatile oiis; soluble wifi
opalescence in fixed soils, Store in oh’tight containers.

Capxicum has a cscmirmtive action but it is mainly used exter-
nafIy. often in rfre fomr of capsicum oleoresin, as a counter-
irritant. However. preparations ofcapsicum and capsicum
OIeOresincan ke vew irn~L Capsaicin (p.~8). the active in-
grechent of capsicum, is also used in topical preparations in
the ucatment of painful skin conditions.
Capsicum is a.fso used in homocopathic medicine and in
cookery.

~Noacceptable daily inrake was esmblishcd for paprika ole-
oresin ?,sthe daily intake of dris spice extract was considered
to k self-limiting. *
1. FAOJWHO. Evaluation of ccnam fcod addhtvcs and contam)-

nantx Ihirty-tifth rcpori of !hc jowl FAOPNHO w.perl comm#t-
tee on food additives. WHO Tech Rep Ser 7891990.
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Butylamine/Carbamylglutamic Acid 1689

Swiss.

The dried beetie Cmrlharis vesicamria (= Lytfa

vesicaforia) (Meloidae) or other spp., containing
not less than 0.6% of cantharidin. Store in
airtight containers. Protect from light. Cmr-
tharides having an ammoniacal odour should not
be used.

Adverse Effects. Following ingestion of cwr-
tharides there is burning pain in the throat and
stomach, with difficulty in swallowing, nausea,
vomiting, colic, bloody diarrhoea, and tenesmus;
renal pain, frequent micturition, haematuria;
chill, syncope, and circulatory failure. Toxic
effects have been produced by 600 mg, and death
by 1.5 to 3 g, though recovery has occurred from
much larger doses.
Acute carrtharides intoxication in a 20-year-oId man.—
A. J. Presto and E, C. Muecke, J. Am. med. ,4ss., 1970,
214, 59[

Treatment of Adverse Effects. Empty the stomach
by inducing emesis or by aspiration and lavag~
activated charcoal and sodium sulphate have
been recommended; give demtdcent drinks freely
(but not oils or fats) and morphine for pain; hot
aPPhca,tions t,o the abdomen may relieve the pain.
The cwcrslatlon should be maintained by the
intravenous infusion of plasma or of suitable
electrolyte solutions.

Uses. Preparations of cantharides have been
employed externally as rubefacients, counter-irri-
tants, and vesicants. They should not be taken
internally or applied over large surfacea owing to
the risk of absorption.
Cantharides is used in homoeopathic medicine.

12518-q

Cantharidin (i3.P,C. /949, t?. Vet, c. /965).
Hexahydro-3aa,7aa-dimeth yl-4/X7~-epoxy -
isobenzofuran- 1,3-dione.
CIOH1204= 196.2.

CAS — S6-25-7.

Pharmacopoeias. I- F
Cantharidin is obtained from cantharides (see
above) or mylabris (see p. 1730). Itoccurs as
colorless, odourless, glistening crystals which
sublime at about 120°. M.p. 216° to 218°.
Very slightly soluble in wate~ soluble 1 in about
1100 of alcohol, 1 in 40 of acetone, 1 in 55 of
chloroform, 1 in 700 of ether, and I in 150 of
ethyl acetate; soluble in fixed oils.

Cantharidin was formerly used as a counter-irri-
tant and vesicant and was usually preferred to
cantharides since the strength of preparations
could be more readily controlled. Preparations of
cantharidin were used in hair lotions for their
rubefacient action. Cantharidin in flexible collo-
dion has been applied for the removal of warts.
It has also been used in veterinary medicine.
Owing to the high toxicity of eantharidin it is
recommended that preparations containing it
should not be used medicinally, Adverse effects
and treatment are those described for Can-
tharides (see above). The fatal dose is leas than
60 mg. ‘
For reports of fatalities after accidental poisoning with
carttharidin, see Phazm. J.. 1953, 2. 467; L. C. Nickolls
and D. Teare, Br. med. J.. 1954. 2, 1384; J. D. Craven
and A. Polak, ibid., 1386; M. A. L&wtier, ibid., 1399.
A 42-year-old man took a teaspoonful of a preparation
containing approximately 20 mg of cantharidin. He
developed symptoms of renal damage which reapondcd
to treatment including a magnesium sulphate enema and
high fluid intake of milk. Hydroeortisone pellets were
effective against mouth ulcers. — R. D. Rosin, Er. med.
J., 1967.4, 33.
An 18-year-old woman who swallowed about 2 ml of a
preparation containing cantharidin (Cantharone) deve-
loped electrueardiographic changes indicative of rrryocar-
dial damage. in addition to Iccal effects in the mouth,
throat, and pharynx, which responded 10 treatment with
hydrocortisone sedum succinate and with ampicillin.

given parerrterally.— W. B. Ewart ef al. (letter), Can.
med. Ass. J.. t 978, / 18. 1 (99.

Proprietary Names
Cantharone (Serm, USA)

125 19-P

Caoutchouc. Cautchuc: Elastica: Kautschak;
Gummi Elasticum; Resina Elastica; Rubber
(B.P.C. f934); India-Rubber.

CAS — 9006-04-6.

The principal constituent of the coagulated latex
obtained chiefly from the trunks of Hevea brasi-
/ierrsis (Euphorbiaceae).
A yellowish-white to brown elastic material with
a characteristic adour. Almost completely soluble
in chloroform; partially soluble in petroleum
ether.

Caoutchouc is used pharmaceutically in the
manufacture of adhesive plasters.
Allergic contact Sensitively to thiuram compounds
(present in rubber) in Paliertts in a haemodialysis
unit.— N. S. Pennc.yset al., Archs Derm.. 1976. 112,
811.
Con[act urticaria to rubber.— A. F. Nutter. Br. J.
Derm., }979, 10[, 597.

12520-n

Capobenic Acid. c-3. 6-(3,4,5-Tri-
methoxybenzamido) hexanoic acid.
C16H13N06=325.4.

CAS — 21434-9[-3.
Capobenic acid is a vasodilator which has been
used in the prevention and treatment of myocar-
dial infarction and other cardiac disorders,

Proprietary Names
Cardiobiol (L.i~epkwsra, Spain); Cardiobiomar (Bi&
,war, Spoirr); C-Tre (sodium salt) (1s:. Chem. Ital..
Itaf.); Kelevitoi (Migra. Arg.~ Pectoris (L/orersr, Spain):
Trifartine (Phoerd.v, Arg.).

12521-h

Carazoioi. BM-51052.[-(Cmbazol-4-yloxy)-
3-isopropylaminopropan-2-oL
C, SH*2N*O*=298.4.

CAS — 5777s-29-8.

Carazolol is a beta-adrenoceptor blocking agent.
Pharmamlogy of carazolol in animals.— W. Bartsch et
al., Anzruimitrel-Forsch., 1977, 27, 1022.

Proprietary Nazssas
Conducton (K/ingc. Ger.).

12522-m

Carbadox. GS-6244. Meth I 3-(quinoxalin-
2-ylmethylene)carbazate N)~dioxide.
CIIHION404=262.2.

CAS — 6804-07-5.

A yellow crystalline powder. M.p. about 245°.
Practically insoluble in water.
Carbadox ia an antibacterial agent used in veteri-
nary practice for treating swine dysentery and
enteritis and for promoting growth.

Manufacturers
Pfizer, UK.

12523-b

Carbamyiglrstamic Acid. N-Carbamoy]-L-
ghrtamic acid.
C6H,0NZ05=190.2.
CAS — 1188-38-1.
Carbamyiglutamate has been used in the treat-
ment of hyperammonaemia.
References to the use of earbamylglutamatc with argi-
nine in the treatment of hyperammonaemia.— C. Bach-
mann et al. (letter), New Errgl. J. &fed.. 1981, 304. 543.
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~maco/~ Effectiveness against warts is presumed.to result from the !I&j
tion” of the tumor as a consequence o! its acantholytlc arxon. The Iytic tic
cantharidin does<not go beyond the e.plderrnal calls, the basal layer remai~,,
and there is mnvmal effect on the conum; as a result, there ISno scarring tic”

t cat application.

Y

7A
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Indicaticrmx .J-.
A vesicant for removal of benign epithelial growths: Warts (including or~na””,

i gual, subungual and plantar) and molluscum contagiosum.

4

Xzf

Contraind*-ons
“..:..~,:.*

Diabetics or persons with impaired peripheral circulation; use on eyes, m&@~
\ branes, an~enital or intertriginous areas, moles, bmhmarks or unusual w..

hair growing from them, or if lesion is being treated wth other agents; if gfi[ or surrounding tissue is inflamed or irritated. :31&h!J

/
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Warnings ‘~$aVesicant propetiies: Cantharidin is a strong vesicant.. Use sparingly. @ nm US&
genital area. Keep away @m eyes and mucosal tissue: Avoid, use m inte@g

sites due to problems wrth spreading and body Occluslon which often Iead,rn
intense, painful reactions.

e!$
‘“ ?3$j

Cantharidin may produce blisters on normal skin or mucous membran
on skin, wipe off at once, using acetone, alcohol or tape removen wash.~
soapy water and rinse well. If spilled on mucous membranes or in eyes;fl~
water, remove precipitated collodion; flush with water for an addtiional 35,

8Physician use (application) only: Cantharidin is a potent vesicmt and :h$$’ ~
only by a physician. It is not to be dispensed to the patierrt.

Sensitiv~Patients vary in sensitiv’w to cantharidin; tingling, burning o;i~
derness may develop rarely. In these cases, remove tape and soak theiitid’ti
water for 10 to 15 minutes; repeat as required for relief. If soreness per6is,,_
ture blister aseptically, apply antiseptic and cover with bandage. Treat on~
two lesions on the first visit until the sensitkity of the patient is ImownxE.@
more intense reaction in patients with fair skin and blue eyes. Do not reap, ,“Asame lesion more than once per week. Defer second treatment if infla,ti
intense. $-:, :+.?*

Pa/peha/warn:Use great care if treating paipebral warts. Make ca~am~
oughly d~ warn patient not to touch the eyelid. ,;, @Q

Pigrrrentation: Although rare, use care in the selection of site application’ sir
pigmentation changes may ucur,

,$=
.-:,J:; ~ .’

PragnaWThere have been no adequate and well controlled studies’in-p
women; therefore, the use of cantharidin during pregnancy is not recon@#

factation: Use in nursing mothers is not recommended. .’ ?i!).fl~

Adverse f%actiom%
-- .r;$

Annular warts have occurred in some patients. These are supe%~al ar.. .. .
problem, although they may alarm patients. Reassure patient and t@tta

There have been several repotts of chemical Iymphangitis following use;of:~
idin, one in combination with salicylic acid plaster. A case of extrern~.p~~
tering occurred after treatment of multiple axillary lesions. ‘r.!’] 0 f

Patient Information: .-”:;,t:~f

May cause tingling, itching or burning within a few hours after application
be extremely tender for 2 to 6 days. ‘-”~x

If spilled on skin, wipe off at once with acetone, alcohol or taperemove%~~~
soap and water. ->...-.,A-

For external use only. If spilled in the eyes, flush with water and conta&’~~

Administration and Dosage

%

“M.
Ordinary and periungua/ warts: No cutting or prior treatment is required. APP, f

rtothe lesion and cover the growth completely, extending beyond by a@.,.~
Allow a few minutes for a thin membrane to form. Cover complete
rous tape. Remove tape in 24 hours and replace with a loose bandage. Onl@

,1
(1 to 2 weeks), remove necrotic tissue and reapply to any remaining gr~
second treatment if inflammation is intense. A sinole treatment freclu

, -i....
r
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KERATOLYTICS 3015

cANTHARIDIN
FYarrtarwarts:Pare away keratin covering the wart; avoid cutting viable tissue. Apply

to wart and 1 to 3 mm around the wart. Allow to dqt secure with nonporous tape;
application of a protective cut-out cushion over the tape may be helpful. After 24
hours, the patient may bathe and replace dressing. Debride 1 to 2 weeks after treat-
ment. if any viable wart tissue remains, reapply as above; 23 treatments may be
required for large lesions. For large mosaic warts, treat a portion of the wart at a time.
Applying cantharidin to open tissue will result in stinging from the solvent. Avoid
by paring carefully and scheduling treatments 2 weeks apart.

Mo//uscum contagiosum.’ Apply a very small amount of solution to only the top of each
lesion. Let dry completely. No occlusive tape or dressing is needed. Alert patient that
blistering is the desired result and that temporary hypopigmentation may occur.
The patient may bathe after 4 to 6 hours; sooner if discomfon occurs. Blisters are
usually formed by about 24 hours and crust up in about 4 days. Mild discomfort or
itching can usually be controlled with bathing and night sedation. In 1 week, treat
new or remaining lesions the same way and re-treat any resistant lesions. This time,
cover with a small piece of occlusive tape. Remove tape in 4 to 6 hours, sooner if
discomfoti occurs.

Note.’ Use of a mild antibacterial is recommended until the tissue re-epithelializes.

Rx Vem=mth Liquii 0.7% cantharidin in an adherent In 7.5 ml.
(Palisades)

2952
film-forming base of athykelluloae, cei-
Iosolve, castor oil, penedem (octyl-
phenylpolyethylene glyccd), acetone

KERATOLYTICCOMBINATION

Rx Verrex Liquii 30% salicylic acid and 10% In 7.5 ml with
(Palisades)

1066
podophyllum in an adherent filrn- applicator.
forming vehicle of penederm
(octylphenylpo-lyerhylene glycol), ethyl-
Cellulose, cello-solve, collodion, castor
oil, acetone

otc Gets+ Liquid Salicylic acid, zinc chloride and In 12 ml. 150
(Oakhurst) collodion in -35’Yo ather and -26%

aicnhol
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and shouId not be used for long perioda of time (57). The
FDA advisory panel concluded, however, that there was
no evidence to establish that zinc chloride contributes
significantly to corn-callus removai when combined
with salicylic acid compared to a single-entity salicylic
acid product. Thus, the zinc chloride-salicylic acid com-
bination was ckissifled as a Category 111combination.
Further, the panel was concerned about the possible
formation of zinc salicylate @armacologically inactive)
when these two - are contained in a product and
established that stability testing be undertaken as part
of the Category III testing (44).

Agents Used to Treat Warts

Ascorbic Acid Although ascorbic acid is essential to
the development of supporting tissue (collagen and in-
tracellular ground substance) and healing, there are in-
suf%cientdata available to establish its efficacy in topi-
cal wart therapy (38). The panel has recommended
further study of aworbic acid before it can be considered
effective for nonprescription use (38).

Cakium Pantothenate Application of the alcohol
derivative pantothenol in various ulcerative and pyo-
genic dermat.oses stimulates epithelialization and allays

_- itching. There have been no reports of sensitization or
allergic reaction to topical therapy with pantothenic
acid or its derivatives (58). The use of these drugs in
adults and children seems safe. Topical formulations
contain 2-5% of the active pantothenic acid derivative.
However, there are insufficient data available on the
effectiveness of this agent. Thus, the panel classified
calcium pantothenate as Category III (38).

Cwttharidin Cantharidin is a potent vesicant avail-
able by prescription only as an ingredient of Cantha-
rone. For wart therapy, this liquid is applied lightly with
a stick or swab, allowed to dry, and then covered by a
piece of waterproof adhesive tape slightly largerthan the
wart (41). Depending on the physician’s directions, the
bandage is left in place between 24 hours and 1 week and
then removed. The drug effects a separation at the der-
mal-epidermal junction and therefore the removal of the
epidermal-residing wart (35). Following the blister for-
mation, minor inflammation can be resolved with tap
water soaks (35).

In approximately 7-14 days, a blister, often hemor-
rhagic, which has formed will break, crust, and fall off.
At this time, the physician debrides the dead material
with fine-cwed iris scissors (50). Since the effect of
cantharidin is entirely intraepidermal, no scarring en-
sues.

..-. A disadvantage of cantharidin is that, on occasion,
annular warts mav develoD at the blister periphery (24).
In addition, since-this me_thod is considered dangerous,
it should be performed only by a physician or podiatrist
and never by the patient at home (50). However, a suc-
cessful trial of cantharidin treatment of warts at home
has been reported (59). Application of the occlusive tape
was omitted from the instruction to simplify the process

and produce fewerreactions,This mode demonstrated
an easy, safe, and reasonably effective means of treating
warts. To help facilitate correct application of this prod-
uct, some investigators advocate that the product be
colored by the addition of some green food coloring dye
(35).

PodophyUum Podophyllum resin (in concentrations
of up to 25%) dispensed in compound benzoin tincture
or as a solution in alcohol is effective in the treatment of
condyloma acuminatum (genital warta). Podophyllum
should notbeprescribed for inclusion into a fiexibie
collodion vehicle because of the collodion’s occlusive
nature and the possibility of enhancement of the drug’s
percutaneous absorption. It is a cytotoxic agent that
arrests mitosis in metaphase. This caustic and powerful
skin irritant is available by prescription only for short-
term use. It maybe reapplied every 4-7 days, generally for
2-4 weeks, depending on individual response and any
residual chemical irritation (22). IrI 24-48 hours after
application, lesions become necrotic, and in the following
days, begin to slough off and gradually disappear.

The primary toxicologic problem associated with the
use of podophylh.un resin, aside from its topical irritant
qualities, is peripheral neuropathy when it is absorbed
percutaneously into the systemic circulation (60). Podo-
phyllum should be applied only in small amounts by the
physician. The patient should be instructed to wash off
the podophyllum preparation with soap and water
within 8-12 hours of its application. Because the usual
delivery system is a low-viscosity suspension (com-
pound tincture of benzoin) or tincture (alcohol), the
Wlution tenda to run onto adjacent tissue, causing dam-
age. This risk may be minimized if white petrolatum or
talc is applied to the healthy surrounding skin before the
podophyllurn preparation is applied to the wart (22, 35).

Podophyllum resin for vulvar warts in pregnant
women should be used cautiously, if at all. The topical
application of podophyllum applied five times for 4
hours each from the 23rd to the 29th week of pregnancy
was suspected of causing teratogenic effects (61). Be-
cause of this encountered difEculty with podophyllum,
and to prevent the possible development of IaryngeaI
papillomatosis in the neonate after delivery, the physi-
cian should consider using cryosurgery to remove the
venereal wart or deliver the neonate by caesaretin sec-
tion (18). Podophyllum should not be used on hemor-
rhaging skin or where an extensive skin surface area is
involved. These conditions increase the poaaibili~ of
percutaneous absorption. Because podophylhrn is a po-
tent corrosive, it should not be used with other kerato-
Iytic agents, such as salicylic acid.

Miscellaneous Prescription Drugs Used to Treat
Warts Other prescription drugs used fairly success-
fully in treating warts are the antibiotic bleomycin sul-
fate (Blenoxane) for recurrent or recalcitrant planti
warts, tretinoin (retinoic acid) for flat warts and plantar
warts (62-64), and fluorouracil (65). Although bleo-
mycin has not been approved by the FDA for wart treat-
ment, evidence indicates that bleomycin’s effectiveness
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is due to the drug’s selective inhibition of DNA synthe-
sis. In addition, local injection inti the wart results in
hemorrhagic necrosis secondary to microthrombosis,
which is followed by a gradual reduction and detach-
ment of the wart (66). Theoretical objection to the use of
bleomycin for warts stems ffom its ability to interfere
with DNA metabolism and induce skin cancer (67). One
report indicated the appearance of nail dystrophy fol-
lowing the injection of bleomycin into a periunguai wart
(66). %suks with tretinoi.n and fluorouracil therapy are
variable and, in those cases that do respond, it has not
been determined whether the disease is simply taking ita
natural course (41). Idoxuridine 0.25% ointment dem-
onstrated efficacy in the treatment of six women sufTer-
ing from condyloma acuminatum (68). The drug was
applied twice daily for one week. No side effects were
observed and there were no recurrences in these women
three months after folIowup. One precaution however,
with idoxuridine is that it has induced congenital anom-
alies in animals and thus its safety for use to treat geni-
tal warta during pregnancy remains in doubt.

Adjunctive Therapy
In addition to nonprescription products, self-therapy
measures include daly soaking of the affected area
throughout treatment for at least 5 minutes in very

.-. warm (not hot) water ta remove dead tissue (24). Dead
tissue should be removed gently after normal washing.
Skin should not be removed forcibly because further
damage could result. Sharp knives or razor blades that
have not been properly sterilized should not be used to
cut dead tissue because they may cause bacterial infec-
tion. A rough towel, callus file, or pumice stone effec-
tively removes dead tissue of corns and calluses. Petro-
leum jelly should be applied to the healthy skin
surrounding the dfected area to avoid accidental appli-
cation of corrosive products. This precaution is espe-
cially important in cases where poor eyesight increases
the chances of misapplication.

To relieve painful pressure emanating from inflamed
underlying tissue and irritated or hypertrophied bones
directly underneath a com or callus, patients may use a
pad such as Dr. Scholl’s with an aperture for the com or
callus. If the skin can tolerate the pada, they maybe used
up to 1 week or longer (69). To prevent the pads from
adhering to hosiery, patients may wax the pads with
paraflin or a candle and powder them daily with a hy-
gienic foot powder. If, despite these measures, fiction
causes the pads to peel up at the edge and stick to
hosiery, the pharmacist may recommend that patients
cover their toes with the forefoot of an old stocking or
pantyhose before putting on hosiery (69).

Patients should be advised that if at any time the pad
begins to cause itching, burning, or pain, it should be-.
removed and a podiatrist should be consulted. The phar-
macist also should advise the patient that these pada
will provide only temporary relief and rarely cure a com
or a callus.

To avoid the spread of warts, which are contagious,
patients should wash their hands before and after treat-

ing or touching wart tissue, and a specfic towel should
be used only for drying the affected area after cleaning.
Patients should not probe or poke the wart tissue. Foot-
wear should be worn in the case of plantar warts. If
warts are present on the sole of the foot, patients should
not walk in bare feet unless the wart is securely covered.

Product Selection Guidelines
Corns and Calluses

There are no clinical studies to indicate whether pre-
scription-only products are superior to nonprescription
products. Conclusions are based only on subjective phy-
sician evaluation reports (2, 9). Salicylic acid in a plaster
or coilodion dosage form appears to be the most effective
treatment for corns and calluses. Some studies advocate
the use of a 50% silver nitrate solution, applied by the
physician, followed by weekly applications of 40% sali-
cylic acid plasters for corns (7, 9).

Bunions

If the pharmacist recommends the use of topical adhe-
sive cushioning to alleviate the pressure on a bunion,
instructions should be given on proper use. Before the
protective pad is applied, the foot should be bathed and
dried thoroughly. The pad then is cut into a shape that
conforms to the bunion. If the intent is to relieve the
pressure fhm the center of the bunion area, the pad can
be cut to surround the bunion. Precut pads are available
for immediate patient use. Constant skin contact with
adhesive-backed pada should be avoided, unless under a
podiatrist, or other physician’s recommendation.

Watts

Opinions about the best wart treatment vary from nitric
acid for piantar warts to cantharidin preparations for
common warts (41, 70). The findings of the FDA advi-
sory review panel on nonprescription miscellaneous ex-
ternal drug products clarified the effectiveness and
safety of nonprescription drugs (38, 53).

In an evaluation of four plantar wart products, a
dimethylbenzyiarnmonium &bromide solution (Callu-
solve paint) was less effective than either a 5070 podo-
phyllum resin-liquid paraflin preparation or an estab-
lished salicylic pairit [salicylic acid-lactic acid-collodion
preparation (1:1:4)] (34). A flexible collodion was used as
the control preparation. The study also showed that the
basic treatment for simple plantar warts takes about 6
weeks, and the cure rate was fastest with the salicylic
paint. It was concluded that the treatment of plantar
warts with a salicylic acid-lactic acid-flexible collodion
mixture was enhanced when the application method
was understood and was carried out under a physician’s
supervision.

The salicylic acid-lactic acid-flexible coIlodion prepa-
ration used in this study was safe and effective in chil-
dren and adults; no incidence of hypersensitivity or
systemic involvement were reported. Podophyllum also
was used with no acute reactions, but it was under the
direct supervision of a physician, and the therapy was
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Efflcacy of intra-arterial norcantharidin in suppressing tumour
14C-labelled glucose oxidative metabolism in rat Morris hepatoma.

Mack P; Ha XF; Cheng LY

Department of Surgery, Singapore General Hospital, Republic of
Singapore.
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Norcantharidin is the demethylated form of Cantharidin, which is the
active ingredient of the blister beetle, Mylabris, a long used Chinese
traditional medicine. Though not well publicized outside China,
Norcantharidin is known to possess significant anti-hepatoma activity, and
is relatively free from side effects. In the present study, glucose oxidation in
tumour and liver tissue slices harvested from hepatoma-bearing animals
was quantified by measuring the radioactivity of 14C-labelkd C02
released from 14C-glucose in oxygen-enriched incubation medium. Results
were expressed as a tumourfliver ratio. For comparison, treatments with
Norcantharidin, Adriamycin and with hepatic artery ligation were studied.
The mean tumourfliver ratio was 4.2 +/- 2.2 in untreated controls, but
dropped significantly to 2.3 +/- 0.5 (p < 0.05) with intra-arterial
Norcantharidin (0.5 mg/kg) and to 2.3 +/- 0.7 (p < 0.05) with intra-arterial
Adriamycin (2.4 mg/kg), and to 2.2 +/- 0.7 (p < 0.05) with hepatic artery
ligation. However, with intravenous Adriamycin at 2.4 mgkg, the mean
tumourfliver ratio was reduced to only 3.5 +/- 2.0 and was not significantly
different from untreated controls. It is concluded that intra-arterial
Norcantharidin is as effective as intraarterial Adriamycin and hepatic
artery ligation in suppressing tumour glucose oxidative metabolism. These
result simply that Norcantharidin may have a role to play in the
chemotherapy of primary liver cancer.
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A. INGREDIENT NAME:

B.

c.

D.

-
E.

F.

Chemical Name:

Choline Acid Tartrate, Bitartarato de ColinA 2-Hydroxyethyltrimethylammonium
hydrogen tartrate, (2-Hydroxyethyl)trimethylammonium Bitartrate

Common Name:

Colyne

Chemical grade or description of the strength, quality, and purity of
the ingredient:

@4inimum) (Resultj
Assay 98.0% 99.7°h

Information about how the ingredient k supplied:

White Crystalline Powder, odorless of faint trimethylamine-like order, acid taste,
hydroscopic

Information about recognition of the substance in foreign

pharmacopoeias:

Braz., Ger., Nerd., and Port.

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Fovall, P., Dyske~ M. W., and Lazarus, L. W. Choline bitartrate treatment of Alzheimer-
type dementia. Communications in Psychopharmacolo~, 1980; 4(2): 141-145.

Beauregard, W. G. Dexpanthenol with choline bitartrate in the treatment of infantile colic.
Journal of the Louisiana State Medical Society, 1968; 120(3): 142-145.

___
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H. Information about dosage forms used:\

Capsules
Tablets

I. Information about strength:

Capsules (500mg-2gm)
Tablets (500gm-600gm)

J. Information about route of administration:

Orally

K Stability data:

Melts at about 150-1510

L. Formulations:

—

M. Miscellaneous Information:

Page -2-
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CERTIFICATE OF ANlb2YSIS
------ ----- ----- ------ -

RODUCT: CHOLINE BITARTRATE (UNCOATED)

ELEASE #: 103145 LOT # :B60688F13

. DESCRIPTION

. Identification

. Water

.. Residue on ignition

i. Heavy metals

i. Assay
(anhydrous basis) )’”7

SPECIFICATIONS
------ ------ --

.

WHITE CRYSTALLINE POWDER

To pass teSt

0.S% max.

0.1% max.

20 ppm max.

98.0% miII.

-_

ATTENTION: TONY HATCHETT

Date :06/05/97

10650

Our Order #

Prepared

233927-1 Your PO

/

Gi?ADE: N.F. XI
CODE:V9612160170

RESULT
------

CONFORMS

Passes test

0.02%

< 0.1%

c 20 ppm

99.7%
-

7“

by : “ @g&A. Whitney ‘

/’
.,/’ ~

Approved by ‘+.--,‘>;7 - “ 07) \,’

# 52325;

... . .

./



.—.* QUALITY CONTROL REPORT
.

CHEMICAL NAME. :CHOLINE BITART~TE N.F.

MANUFACTURELOT NO. :B62966M18

PHYSICAL TEST

“usP /BP_/NF_/-cK_/~T. _/cos SPECSo—.SPECIFICATIONTEST STANDARD.. —

l)DESCRIPTION .:

c
- WHITE CRYSTALLINE POWDER; ODORLESS OR FAINT TRIMETHY~INE-

LIKE ODOR; ACID TAsTE; HyGROsCOpIcS

2)SOLUBILITY .:
SOLUBLE IN WATER AND IN ALCOHOL; INSOLUBLE IN ETHER, CHLOROFORM
AND BENZENE.

&
3)MELTING POINT.:

..-. MELTS AT ABOUT 150-151 DEGREES.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)COMPLIES (A) AS pER NF loth pAGE 1540
B)COMPLIES (B) AS pER NF loth pAGE 154.
C)COMPLIES (C,D) AS PER NF 10th PAGE 154.

PASSES. :
FAILS .:

CONMENTS.:

ANALYST

PREPACK

SIGNATURE. : DATE. :

TEST. : DATE .: INITIAL. :

RETEST. : DATE .

—~

INITIAL. :



_&T_ ------------------ IDENTIFICATION -------------------
PRODUCT #: 34449-4 NAME CHOLINE BITARTRATE, 99?40
CAS #: 87-67-2
MF: C9H19N07

------------------ TOXICITY HAZARDS -------------------
DATA NOT AVAILABLE

------------------ HEALTH HAZARD DATA -----------------
ACUTE EFFECTS

MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRITATION.
MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACT.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.

FIRST AID
IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS

OF
WATER FOR AT LEAST 15 MINUTES.
IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS

AMOUNTS OF WATER.
.-

IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS.
CALL A PHYSICIAN.
WASH CONTAMINATED CLOTHING BEFORE REUSE.

-------------------- PHYSICAL DATA --------------------
MELTINGPT: 151 CTO 153C

APPEARANCE AND ODOR
WHITE POWDER

------------ FIRE AND EXPLOSION HAZARD DATA -----------
EXTINGUISHING MEDIA

WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------
.-. INCOMPATIBILITIES

STRONG OXIDIZING AGENTS



_- PROTECT FROM MOISTURE
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF
CARBON MONOXIDE, CARBON DIOXIDE
MTROGEN OXIDES

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

WEAR RESPIRATOR CHEMICAL SAFETY GOGGLES, RUBBER BOOTS AND
HEAVY

RUBBER GLOVES.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE,
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

.—-. CHEMICAL SAFETY GOGGLES
COMPATIBLE CHEMICAL-RESISTANT GLOVES
NIOSHM4SHA-APPROVED RESPIRATOR
SAFETY SHOWER AND EYE BATH
MECHANICAL EXHAUST REQUIRED
DO NOT BREATHE DUST
AVOID CONTACT WITH EYES, SKIN AND CLOTHING
WASH THOROUGHLY AFTER HANDLING
IRRITANT
KEEP TIGHTLY CLOSED
HYDROSCOPIC
STORE IN A COOL DRY PLACE
IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF

WATER AND SEEK MEDICAL ADVICE
WEAR SUITABLE PROTECTIVE CLOTHING

THE ABOVE INFORMATION IS BELEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTTNG FROM HANDLING OR FROM

~ CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR



#-% ADDITIONAL
TERMS AND CONDITIONS OF SALE

.—.
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behaviour appeared to improve in 2 patients in the hat
24 hours of the study. A dose of 10g daily produced
nausea. diarrhoea, and a small reduction in blood prea-
sure.— W. D. Boyderaf. (Better), hncer, 1977,2, 711,

Choline bitartratc had no bcneticial effect in 3 elderly
patients with Alzheimcr”s disease. One patient became
incontinent with fordcdour.— P. Etienneer af. (letter),
Lmsce[.1978,1, 508.
In a double-blindplacebo-controlledcrossoverstudy, 3
of 10 patients with Alzheimer’sdisease seemed lcaa con-
fused following administration of choline 9g daily (ss
the bitartrate) for 2 wcdra. Exacerbation of pre-existing
urinary incontinence o.xurred in 3 patients, and sume
patients suffered gastro-intestinal discomfort;an addi-
tional patient, whosediagnosiswas changed to depres-
sion, felt more depressed,Althoughthe resultswere not
encouraging,possible benefit from choline therapy could
not be ruled ouc it was cmsaidered that the dose used
was tao high.— C. M. Smith ●t af. (letter), Larcef,
1978, 2, 3 I g. htitial encouraging results had been
obtained following administration of choline dihydrogen
citrate 9 g daily for 21 days to younger patients (under
65 years) with early Alzheimer’s disease.— J. L. Sig-
noret ef al. (letter), ibid.. 1978, 2. 837.
The pathogeneais of Alzheimer’s disease.— D. ‘M.
Bowen et al., Lmrcet, 1979, 1, 11; L Grundke-lqbal et
al., L4mcet. 1979, 1. 570.

[n a double-blind study of 18 women with Alzheimer’s
disease there was no beneficial effect when choline
chloride 15 g daily was taken for 2 months.— E. B.
Renvoize and T. Jerram (letter), Narv Eng/. J. Med.,
1979, 30/, 330.
Concomitant use of piracetam and choline in patients
with senile dementia of the Alzheimer’s type.— E.
Friedman et al. (letter), New Engf. J. Med., 19g1,304,
1490.
See alsa under Lecithins, p.55.

,4raxi~ A 56-vear-old man with eerebellar ataxia

Further referencm #-fed. f.cm., 1979, 21.34.

Trimetkylamirrrrria. Adjustment of the diet to lower the
intake of choline !O a minimal safety concentration was
effective within 3 weeks in controlling the production of
trimethylamine in a 13-year-oId boy who had been suf-
fering frum a fiaby adour for about 7 years. While tri-
metbylamine was still excreted in the urine it was barely
detectable in the sweat and breath.— R. Marka er a/.,
Br. J. Derm., 1976, 95, SuppL 14, II.
Choline bitartrate 5 g given in 3 dews at E-hourly inter-
vals had been found useful as a diagncotic aid for
patients with trimethylaminuria.— R. Marka et af., Br.
J. Derm.. 1977, %. 399.

Proprietary Nssosea
Neurotropan (Itting, Gcr.).

7874-v

Choline Bitartrate. Choline Acid Ta
a to de Cdina. 2-Hvdrofiethyltrimethyl~

:’-3.

CAS — 87-67-2. ./

Pharmacopoeias, In Braz.. Ger,. Nerd.. and Peg, t--
A white. hygraacopic, crystalline powder with an acid
taste and a faint amine-like udour. Very soluble in
watec slightly soluble in alcohol; very slightly soluble in
acetone and light petroleum, practically insoluble in
chloroform and ether. Solutions are sterilii by autu-
claving or by filtration, Store in airtight containers

Uaea. Choline bitartrate has the same actions as choline,
p,1651.

Proprietary Nmrrex
Col ne (aes also under Choline Chloride) (Saim, Ital.).

improved dramatically while taking choline 4 or 5 g ~ ~
daily.— N. J. Legg, Br. med. J.. 197L 2, 1403. An
earlier repart of irirprovement in cerebella ataxia in a
patient treated with choline chloride had not been cmz-
tirmed in a further 13 ptiema; they had not bene-
fited.— N. Legg (letter), Br. med. J., 1979,2. 133.
None of 6 patients with hereditary ataxia Iscnefited
from treatment with choline chloride 1 g four times
daily for a week followed, after a 2-week ma!, by treat-
ment for a month.— D. V. Philmx and B. Km (letter),
Br. med. f., 1979, 2, 613.
Preliminary results of a double-blind crusaover study in
8 patienta with Friedreich’s ataxia, 6 with sporadic
cerebcllar degeneration, and 6 with atypical spi-
nocerebcllar degeneration with cerebella ataxia and
spasticity of the lower limbs showed some improvement
in upper limb coordination after treatment with choline
6 or 12 g daily but only 2 patients had improvement in
gait.— [. R. Livingston and F. L. Mastaglia (letter),
Br. med. J,, 1979, 2, 939.

B/epkarosparrm Pcasibie benefit of choline in blepharaa-
pasm.— B. Skarf and J. A. Sharpe (letter), Nw Eng/.
J. Med.. 1981, 305.957.

Deficiency mates. Evidence of choline deficiency in 15
patients receiving total parmrteral nutrition.— M, E.
Burt et al. (letter), brrcer, 1980, 2, 638.

Gil[es de k Toureire’s syrsdmrrre. For choline therapy in
GiOea de la Tourette’s syndrome see under Lmithins,
p.ss.

Hrrrrrirrgfon’s chorez In 5 patients with Huntington’s
chores choline chloride 3 to 15 g daily praduced dose-
dependent elevation of free choline in plasma but had
little or no effect on symptoms,— S. -M. Aquiloniua
and S. -A. Eckernas. Neurology, Mimreap., 1977, 27,
887.

Tardive dyskinesia In a double-blind placebu-cuntrolkd
study of 20 patienta with tardive dyakineaia choline
chloride 150 mg per kg budy-weight daily (in 3 divided
doses) for I week increased to 200 mg per kg daily for
a second week, decreased choreic movements in 9,
increased them in 1. and had no effect in 10. Plasma
concentrations of choline increased from a range of 8.6
to 20.5 nmol per ml before treatment to 18.2 to
60.1 nmol per ml 1 hour after a duae in the second
week.— J. H. Growdon e: al., New Engl. J. Med.,
1977, 297.524.
In 5 patients with tardive dyskineaia choline chloride
150 to 200 mg per kg budy-weight daily in divided
doses. or lecithin 21 to 105 g daily, reduced abnormal
movements, The bitter taste of cbolirte, the development
of a fishy udour, and gastrrz-intestinal effects made leci-
thin preferable.— A. J. Gelenberg Cl af., Am. J. Psy-
chiat., 1979, 136, 772.

,,

7875-g

Choline Chforide. Cholinii Chloridum. 2- Hydroxy-
ethyltrimethylammonium chloride.
C5H,4CIN0- 139.6.

CAS — 67-48-I.

Pharmacopoeias, In Au.rt., Belg., Cz.. Ger., Hung,, and
it.
White. cdourleaa, tasteless, very hygroacupic crystals,
Very aokrbk in water and alcohol; very slightly soluble
in acetone and light petroleum; practically insoluble in
chloroform and ether. A 10% au[ution in water has a
pH of 5 to 6. Solutions may be starifised by filtration.
Store in airtight containers.

Usa. Choline chloride has the same actions as choline,
p.16Sl.

proprietary Namea
Becholine (Medical J?emarch. ,4uswaf.); Becholirtc D
(Medical Research, Atrstral.); Colyne (see also under
Choline Bitartrate) (.Saita, Iraf.).

7876-q

CbOfkse Dibydrogen Citrate. Choline Citrat~ Choli-
num Citricurn, Citrato de Colina. 2-Hydroxy-
ethyltrimethylammonium dihydrogcn citrate.
Cll H11NO~=295.3.

CAS — 77-91-8.

Phormacopaeias. [n Belg. and Pol.

Colorless translucent hydroscopic crystals or white
crystalline powder with an acid tasrq it is edourless or
has a faint amine-like udour, Soluble I in I of water
and 1 in 45 of alcohol; very slightly soluble in chlor~
form and ether. A 25% solution in water has a pH of
3.5 to 4.5. Store in airtight containers.

Uses. Choline dihydrogen citrate has the same actions
and uscs as choline, p. [651,

Cysrimrria. For a report of choline dihydrogen citrate
being given to facilitate enzymic remethylation of homo-
cystine to methionine in the treatment of homucysti-
nuria, set Cystine, p.50.

Proprietary Preparations
Wallachol (Wal/ace Mfg Chem,. L(K; Farillon, UK).
Syrup containing in each ltM ml choline dihydrogen

citrate 4.5 g. the antitoxic principle from 7,
liver, proteolysed liver quivalertt 10 frmh
racemethionine 375 mg, inositol 500 m!
hydrochloride 20 mg, ributlavine 5 mg,
hydrochloride 5 mg, cyanucobalamin 50 kg,
namide lfM m8. Tablets each containing ch
rogen citrate 224 mg, the antitoxic pril
250 mg of fresh liver, dried liver 50 mg, rac
112 mg, inositoi 56 mg, thiamine hydruchl
ribuflavinc I mg. pyridoxine hydrochloride 2
ocobalamin 1 ~g, and nicotinamidc 5 mg, F,
function and impaired fat metabolism, 1
15 ml of syrup, or 2 or 3 tablets, thrice daily

7877-p .

Inositol. i-lnositoi; rrreso-[nositoi, rrryo-lnosi

C.H,206= 180.2.

CAS — 87-89-8.

Pharmacopoeia.r. In AuJt., Belg., and Chin.

odourkss tine white cryslals or white crystal
with a sweet taste. M.p. atmut 224”. It is op
tive. Soluble I in 6 of waten slightly soluble
practically insoluble in chloroform and ethe
in water arc neutral to litmus.
hrositol is present in animal tissues and in ;
cially in seeds and cereal brans.

Apart fmm its presence in organic matter
forms, little is known abuut the specific func
sitol, though it is stated to be curative of m
cia and to be capable of preventing fatty live
is an essential nutrient ior some micr~orgar
ciency symptoms in mice have been cured
10 mg of inositol in 100 g of fod Moat puri
used for experimental purpuscs contain this [
sitol. Its role in human nutrition is unknowt
sump! ion of inositol by man is about I g dail;
Preliminary findings following administration
500 mg twice daily to 7 diabetic subjects f<
suggested that it might he beneficial in the t
diabetic neuropathy.— J. G. Salway et t
1978, 2. 1282.

Tab/et excipiem. [nositol was considered sui
excipient for chewable tablets because it was
aPic. inert. nOn-toxic. and physically stab
Nasir and L. O. Wilken, J. pharm. Sci., 196(

... ,
ProprietaryPreparation :~
Iaasitol Capardas(Biog/an, (/K). Each contain

Other Proprietary Namea
Irmital, Inositina fbuth Ifal.); lnosit-Zyma (G

7878-s ,:

~emrt%!l?parations “f ‘its
Compound Vita~in B Tablets (BP. C. /973)?
Thiamine Tablets; Compound Aneurinc
Vitamin B Compound Tabkta. Each wntairra
ide 15 mg, riboflavin I mg, and thiamine hy
I mg. Store in airtight containers and aw
with metal, Protect from light, Dose. Proph,y
2 tablets daily. , -.:
Strong Compmtnd Vitamin B Tabkta (B.}
Strong Compuund Thiamine TabietS Strong
Aneurine Tablets; Strong Vitamin B Compou
Each contains nicotinamide 20 mg, pyridorn
chloride 2 mg, ribdlavine 2 mg, and thiam
chloride 5 mg. They may he coated. Store
containers and avoid contact with metal. ~
light. Dose. Therapeutic, 1 or 2 tablets thri~
vitamins B and C Injection (B.P, C. /973). A !
tion of vitamins B and C in Water for Injt
pared, immediately before use, by mixing d
of a pair of ampmdes. Sterilised by autcn
maintaining at 98 to 100° for 30 minutes \
tericidc, or by filtration. Store in a cad pls
from light. The air in ampuules containing m
is replaced wi[b nitrogen or other suitable
strength and route of administration rn”st ts
the prescription or order. When Strong Vital
C lrrjection for intravenous use is prescribed
ampcmics is supplied, one containing a solutic
oxine hydruchioride 50 m!, riboflavin or the
amount of ribotlavirte scd!um phosphate 4 ml
mine hydrochloride 250 mg in 5 ml, and the
taining a solution of lscorbic acid (as sc

.
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Thhrdm C~ofide Hydrochloride (the ofilcial vitamin)

&xiption-Small white crystals or a crystalline
ider usually having a alight, characteristic odor. When
& to air, the anhydrous product rapidly absorbs

; 470 of water. Its solutions are acid to litmus paper.
&I of a solution (1 in 100) is between 2.7 and 3.4. It
ti: with some decomposition, at about 2480.
..ubllity-l Gm dissolves in about 1 ml of water and
fit’ 100 ml of alcohoI; soluble in glycerin; insoluble in
%*&rbenzene.

_ mpatibilitiea-Tbiemine Hydrochloride in the dry
“i stable. Acidic solutions having a PI-I below 5.5,

i&ably from 5.0 to 3.5, are also relatively stable. AMxr-
@atroy it. It is precipitated from solution by several of

lkaloidal reagents such as mercuricchlorti,iodine,
;&id,tannin, and Mayw’s reagent. It is sensitive to
widixingand reducing agents.

s of thiamine hydrochloride are necessarily acid in
i and are, therefore, incompatible with any acid-
zing substance. Phenobarbital sodium has been an

hal offender in this respect, the result frequently being
~+ti to cause precipitation of the phenobarbital as well as

3 lowering of the acidity of the mixture with conae-
W3etsrioration of the vitamin. Phenobarbital, not the
~. derivative, may be dispensed in such an instance

d that sficient alcohol is prment to keep it in
~+11+. If a pat of the elixir is mpiacad with alcohol for

> ,AU’POSS,an amount of thiamine hydrochloride equiva-

I ‘ti the product.
(J
es—For a description of the metabolic functions
~f a deficiency, see Thiamine (page 1033). Thi-
~hisused to treat beriberi and also general B vitamin
gncY. The fact that thiamine cures the neuro-
dogies of beriberi has given rise to a widespread
! thiamine h nearly any type of neuropathology.
i’$ghsuch indescriminatory use can do no organic
1,to the patient, it constitutes an unnecessary ex-
$~ the promotion of the vitamin for such promis-
~L,uaeconstitutes an abuse.
bs~al or paren~ral, daily, 2 t,o 100 rng; usual,
hylwtic, 2 rng once a day; therapeutic, 10 to 15
ior 3 times a day.
gage Forrns-xnjection USP: 100 rng/ml, 200
! ml, SOO mg and 1 Gm/10 ml, 2 Gm/20 ml, 2.5

~~5, 10, and 25 ml, 3 and 6 Gm/30 ml; Tablets

ltifi~y Dose (not well es~bMed)-Prophykw-

$om?s, 2.5 mg per 100 pounds of body weight; ~
; 0.3 to 0.6 mcg per pound of body weight; t.hera-
$<~gs, 0.6 to 2 mg daily.

[

$; Thiamine Mononitrate USP

~ , rl!’hiamine Nitrate; vitamin B, Mononitrate]

~}. L ‘NH, J
.:..–
sine Mononjtrate contains 98,0-102.0% of

~@3 (327.36), calculated on the dried basis.

Description-White crystals or crystalline powder,
usually having a slight, characteristic odor.

Solubdity—1 Gm dissolves in about 35 ml of water;
slightly soluble in alcohol and chloroform.

Uses—Thiamine Mononitrate is more stable than
thiamine hydrochloride. Its vitaminergic actions and
uses are identical to those of the hydrochloride. See
ThiamineHydmchJoride(this page) and the general
statement on Thiamine(page 1033).

Other Water-Soluble Vitamins

Aminobenzoic Acid NF XII [p-Aminobenzoic Acid;
PABA ], dried at 1050 for 2 hours, contains not leas than
98.5 ~. of C7~,N0, (137.14). The aminobenzoic acid of bio-
logical significance is para-aminobenzoic acid (PABA).
Preparation: From p-nitrobenzoic acid by reduction with
iron and hydrochloric acid. The required p-nitrobenzoic
acid is obtained by oxidation of the readily available p-nitro-
toluene with potassium permanganate or potassium bichro-
mate in the presence of sulfuric acid. Description and Solu-
biZity: White or slightly yellow, odorless crystals or a crys-
talline powder. It discolors on exposure to air or light. It
melts between 186” and 1890.

Uses: PABA is an essential nutrient for a number of
microorganisms, especially those that synthesize foIic acid.
The faiiure of growth of rata, chicks and mice, and achromo-
tnchia in black rats has been observed in the absence of
PABA. Consequently, PABA has long been included
among the vitamins. However, it now appears that the
nutrient action is indirect, mediated through folic acid and
other vitamins synthesized by enteric bacteria. Since mam-
mals utilize preformed folic acid, PABA is not required in the
diet to support the biosynthesis of folic acid, and no other
biological loci for the compound have been shown. Conse-
quently, there is no need for PABA in human nutrition, and
continued promotion of the compound represents an abuse.
For this reason Arninobenzoic Acid has been dropped from
the NF. Aminobenzoic Acid acts as a sun screen and is in-
corporated into some sunscreen ointments.

Calcium Leucovorin USP XVI [(Lederle); Calcium
Folinate-SF; Calcium 5-Forrnyl-5,6,7,8-tetrahydrofolate;
Calcium IV-1P- [[2-Amino-5-forrnyl-5,6,7,8-tetrahydro-4-hy-
droxy+-ptendinyl)m ethyl ]amino ]benzoyI ]glutamate; Cit-
rovorum Factor ]—Purity: 90-11070 of CJI,lCaNtOq. -
5&0. A yellowish white or yellow, odorless, microcrystd-
line powder. Very soluble in water practicdy insoluble in
alcohol. Uses: Leucovorin (folinic acid) is the biological
formyl derivative and the active form of folic acid (see Folic
Acid), and the calcium salt is simply a convenient pharma-
ceutical form that is preferred for intramuscular injection.
Consequently its uses and limitations in the treatment of the
megalablastic anemias are the same as for folic acid. How-
ever, it is superior to folic acid in couniemcting the excsssioe
eflects of the folk acid antagonists (methotrexate, etc; see
page 1169), since the antagonists competitively antagonize
the conversion of folic acid to Ieucovonn and not the leuco-
vorirr itself. Dose: Intramuscularly, for the counteraction of
folic acid antagonists, 3 to 6 mg daily; for the treatment of
megaloblastic anemias, 10 mg daily for 10 to 15 days; as an
adiunct to cvanocobalamin theravv. 0.2 to 15 mg daily.

l~~zi
water and sliehtiv soluble in alcohol; insoluble in ether,--
-chloroform, and benzene. Uses: See “Choline Chloride (this
page). The bitartrate anion does not affect the physiologi-
cal actions of choline. Dose: 2 Gm. [*CJIIDN07. 1

Choline Chloride is (2-hydroxyethyl) trimethylammon-
ium chloride. t Preparation: For the preparation of choline,
see Choline Dihydrogen Citrate (below).Description and
Solubi.lity: White, deliquescent crystals. A 10% aqueous
solution has a PI+ of about 4.7. Very soluble in water or alco-
hol. Uses: For the metabolic effects of Choline, see the
general statement (page 1026). Choline Chloride is used to
reduce fatty infiltration of the liver and thus supposedly to

/5’
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of water and acidify with nitric acid; filte~, and add to the filtrate, siJver
nitrate ~. S.: a copious, white precipitate w produced, which is soluble in
ammonia T.S.

Melting range-Chlorothymolmt?ltabetween59”and61°,page691.
Reaction-.4“tate500mg.ofChlorothymol with 10 ml. of hot water: the liquid is

Fneutral to ltmus.
Residue on ignition-Chlorothymol yields not more than 0.05 per cent of residue

on ignition, age 711.
JPackaging an storage-Preeerve Chloroth ymol in well-dosed, lighLresistant con-

tainers, and avoid continuous excessive heat.

CATEGcmY-htibacterid.

CholineBitartrate

CHOLINE BITARTRATE
2-Hydro~ethyl-trimethyfammoniumBitartrr&

[HOCH,CH,~(CH,),lHC,HXh- .MO1.wt. 253.26

ChoIineBitartrate, dried in a vacuum desiccator over phosphorus
pentoxide for 4 hours, yields not less than 98 per cent of CJL gNOV

Description-Choline Bitartrate occurs aa a white, crystalline powder. It is odorless
or it may have a faint trimethylamine-like odor. It has an acidic taste. It is
hydroscopic.

Volubility-Choline BiWtra@ is freely soIuble in water and slightly solubIe in alcohoL
It is insoluble in ether. in chloroform, and in benzene.

Identiikation— ‘
A: Dismlve 500 mg. of Choline Bkartrate in 2 ml. of water, add 3 ml. of sodium

hydroxide T. S., and heat ta boiling: the odor of trimethykoine is detect-
able.

B: DissoIve 500 mg. of Choline Bitartrate in 2 MI. of iodine T. S.: a reddish
brown precipitate is immediately formed. Add 5 ml. of sodium hydroxide

I T. S.: the recipitate dissolves and the solution becomes a clear yellow.
rHeat the m ution to boiling: a pale yellow precipitate forms and the odor

of iodoform may be detected.
C: To 2 ml. of cobahmw chloride T.S. add 1 ml. of a solution of Choline Bitartrate

(1 in 100) and 2 ml. of uotaasium ferroeyanide solution (1 in 50): em
emerald Keen color develops imme+atdy. -

D: Choline Bitartrate solution responde to the teste for !I’artrate page 685.
Water—Determine the water content by drying about 500 mg. of C~oline Bitartrata,

accurately wei hed in a vacuum desiccator over phosphorus pentoxide for 4 hours
%“or by the Karl w~er method, page 737, using a 2-Gin. sample diesolved in 50 ml.

of anhydrous methanol: it contains not more than 0.5 per cent of water.
Residue on ignition-Choline Bitartrate contains not more than 0.1 per cent of

residue on ignition, page 711.
Heavy metals-Diesolve 2 Gm. of Chofine Bitartrate in 20 ml. of water, add 2 mI.

of diluted bydmehloric acid, and dilute to 25 ml. with water: the heavy metals
limit, age 678, for Choline Bitartrate is 20 parts per million.

-%’eigh sccumtaly about 100 mg. of Choline Bitartrate, previously dried in aAssay
vzcuum desiccator over phosphorus pentmide for 4 hours. Diesolve it in 40 ml. of
wata in a 150-ml. beaker, and carefully add 10 ml. of freshly prepared saturated
ammonium mineckate solution from a pipette, alfowing it to run down the side of
the beaker so that it forms a layer under the choline eolution without producing
turbulence. Mix by rotating the beaker gently and allow to stand m a refrlge~ator
for one hour, rotating the beaker from time to time. Filter, colleot the prec~pltate

——. ... -—.
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CholineBitartrateCapsules +T

Choline Bit~rtr~te Capsules contflin uot
lw.sthan 93 per cent and not more than 107
per cent of the labeled amount of C9HMNOT.

Identification—
A: Dissolve the contents of a sufficient num-

ber of Choline Bitartrate Capsules, equivalent to
about 2 Gm. of choline bitartrate, in 20 ml. of
water, and filter the solution: a 5-ml. portion of
the filtrate responds to Identification test B under
Choline Bitartrate, page 87.

B: Dilute 1 ml. of the filtrate obtained in
Ia%atification test .4 to 10 ml. with water: the
resultin solution responda to Identification test C

%7’under C hne Bitartmte, page 87.
C: The remainder of the filtrate obtained

under Ztiij’ication test A respondstothetests
forZ’artrate, page 434.

Weight variation, page 467-Choline Bitartrate
Catm&s meet the requirements of the wei~ht
vafiation test for capsuies.

Assay-Transfer, as completely as ~ossible,
the contents of not less than 20 Choline Bltartrate
Capsules to a 250-nd. beaker. Add 100 ml. of
water and stir to dissolve the choline bitartrate.
Filter the solution through paper into a 1000-ml.
volumetric flask. Place the emptied capsules in
the same beaker, add sufficient water to cover
them, agitate for 5 minutes, and transfer the con-
tents of the beaker to the filter. Washthebeaker
andIilterwithseveral portions of water, adding
the washings to the flask. Finally, add water to
make exactly 1000 rd., and mix well. Transfer
an accurately measured aliquot of the solution,
equivalent to about 100 mg. of choline bitartrate,
to a M&ml. beaker, add sufficient water to make
40 m~., and proceed as directed in the.As~a~ under
~holme Bitnrtrate, page 87, berg with

. . . carefully add 10 ml. of free y prepared
saturated ammonium reineckate solution.. . .‘’
The weight of choline reineckate multi lied by
0.5993 gives the equivalent weight of C&,,NO,.

Packaging and storage—Preserve Choline
Bitartrate Capsules in ti ht containers.

Capsules availabie---C!holine Bitartrate Cap-
sules usually available contain the following
amount of choline bitartrate: ~~ me

FCATEQORYand DosE+ee Choline B1 artrate.

CholineBitartrateTablets- #/-7-

Choline Bitartrak Tablets contain not less
than 95 per cent and not more than 105 per
cent of the labeled amount of C9H19N07.

Identification—
A: .4 filtered solution of Choline Bitartrate

Tablets, representing a concentration of choline
bitartrate (1 in 10), responds to Identification
test B under Choline Bit.urtrate, page 87.

B: Dilute 1 ml. of the above solution to 10
ml. with water: theresulting solution responds
to IdsntijUation test C under Choline Biturtrate,
page 87.

NATIONAL FORMULARY~:

f.

C: The solution obtained under Identz~
tiori test A responds to the tests for !l’’arti-ate,pm
$34.

—-

Disintegration, page 455—The disintegroti~~
time limit for Choline Bitartrate Tablets is ‘]
hour. ‘iWeight variation, page 468—Choline Bitar.
trate Tablets meet the requirements of the weight”
variation test for tablets. ~.

Assay—weigh and finely powder not less thk’
20 Choline Bitartmte Tablets. Weigh accurately
a portion of the powder, equivalent to aboukfl
Gm. of choline bitartrate, and dissolve it in about
25 ml. of water. Filter the solution throu’”~,
paper into a 100-ml. volumetric flask. A%f
sufficient water through the filter to make exactly
100 ml. Transfer a lo-ml. diquot of this solu-
tion, e uivaIent to approximately 100 mg. of

1“choline ltartrate, to a 100-rnl. beaker, add watkh ‘“
to make 40 ml., and proceed as directed in thi?
Assay under ~@irw Bitartrate, page 87,{
beginning with . carefully add 10 ml. of
fresldy prepared, “”saturated ammonium &-
ineckate solution... .‘’ The weight of cholirii’
reineckate multiplied by 0.5993 representa tlie~,
equivalent weight of ~H,BiNOT. 1$~

Packaging and storage—Preserve Choliie<
Bitartrate Tablets in ti ht containers.

%
47

Tablets available--c oline Bitartrate Table&
usually available contain the following am~nb’!
of choline bitartmte: 500 and 600 mg.

- Lq
CATECORYandDosE~e CholineBitartra*l.

CHOLINEDIHYDROGENCITRATE
(2-Hydroxyethyl)tnmethylammonium Chr

[HOCH,CH,*(CH,),] H,C@H,Q-
C,,H,,NO, Mol. wt. 295.

Choline Dihydrogen Citrate contains ri$
less than 98 per cent of C,, H,,NO*, calculat@
on the anhydrous basis.

Description--Choline Dihydrogen Citrate o,
curs as co[orless, translucent crystsk, or as
white, granular to fine, crystalline powder.
odorless or it may have a faint trimethylamin
odor. It has an acidic taste. It is hy osc

fSoIubiIity-One Gm, of Choline D1 ydrog
Citrate diesdves in 1 ml. of water and in 42
of alcohol. It is very slightly soluble in ether, .
chloroform, and in benzene.

Identification—
A: Dissolve 500 mg. of Choline Dihydro e

%Citrate in 2 ml. of water, add 3 ml. of sodium y
&oxide T. S., and heat to boiling: the odor
trimethylamine is detectable.

B: Dissolve 5430mg, of Choline Dihydroge
Citrate in 1 ml. of water and add 3 ml. of iodin-
T. S.: a reddish brown recipitate is irnmediatel

!formed. Add 5 ml. o sodmrn hydroxide T.S:
the precipitate dissolves and the solution acquire
a clear yellow color. Heat the solution to boi~
ing: a sle yellow precipitate forms and the odo

Fof iodo orm may be detected.
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C.ATEWRY and DosEAee Chlortetmcycline
@rochioride.

OphthalmicChlortelracyclineHydrochloride

Ophthalmic Chlortetmcycline Hydrochlo-
ride is a sterile, dry mixture of chlortetra-
Cyclinehydrochloride with a suitable buffer.
It contains not less than 85 per cent of the
bbeled amount of CdkCINZotI.HCI.It
my contain suitable bacteriostatic agents
~nd diluents. Ophthalmic Chlortetracycline

Hydrochloride conforms to the regulations of
the federal Food and Drug Administration
wncerningcertification of antibiotic drugs.

Identification--ophthalmic Chlortetracycline
Hydrochloride responds to Zakntification tests A
md B under Chlortetracycliru Hydrochloride, page
M,abouttvncethequantityof sampletherein

~of asolutionofOphthahnicChIor-
gpecifieclbein used.

~~~$$$drochloridecon t.ining theec@va-
lentof 1 mg. o chlortetracycline hydrochloride in
eachml. is between 7.9 and 8.4.

he on dr~ng, page 437—Dry about 100 mg.
ofOphthalnc Chlo~tetracycline Hydrochloride,
wcurately weighed, m vacuum at 60° for 3 hours:
it loses not more than 5 per cent of its weight.

Sterility+ phthalmic Chlortetmcycline Hy-
drochloridemeets the requirements of the test for
Wrility under Chlmtetnzcycline Hydrechlon”de,
pa e 85, except that no tube may show growth in
“iat er the test for bacteria or mold.
Assay-Proceed as directed in the Assay under

~ftlortetracycline Hydrochloride, page 85, die-
nlving the sample in water, and diluting immedi-
ately.

Packaging and storag~preaerve Ophthalmic
Chlortetracycline Hydrochloride in tight con-
tainers.

Sizes available----ophthalmic Chlortetracycline
Hydrochloride usually available contains the fol-
lowingamount of chlortetracycline hydrochloride:
25mg. in each vial.

CATEGORY—Antibiotic.
FOB EXTERNAL uaE-Topica]ly in solution to

lidsor conjunctiv~ as required.

CHOLINEBITARTRATE
(2-Hydroxyethyl) trimethylammonium Bitartrrite

[HOCH,CH,fi(CHJ,] HC4H40,-
GH,,NO, Mol. wt. 253.26

Choline Bitartrate contains not less than
98 per cent of C~H1WV07, calculated on the
anhydrous basis.

Description-Choline Bitartrate occurs as a

white, crystalline powder. It is odorless or
may have a faint trimethylamine-lilce odor. It
has an acidic taste.Itishydroscopic.
Volubility—CholineBitartrateisfreelysoluble

in w-titer and slightly soluble in alcohol. It is
insoluble in ether, in chloroform, and in benzene.

Identification—
A: Dissolve 500 mg. of Choline Bitartrate

in 2 ml. of water, add 3 ml. of sodium hydroxide
T. S., and heat to boiling: the odor of trimethyl-
mnine is detectable.

B: Dissolve 500 mg. of Choline Bitartrate
in 2 ml. of iodine T. S.: a reddish brown precipi-
tate is immedi:~tely formed. Add 5 ml. of
sodium hydroxide T. S.: the precipitate dissolves
and the solution becomes a clear yellow. Heat

‘he ‘“’u’ion ‘0 bOilinf~ a rle ‘el*Ow ‘precipitateforms and the odor o lodo orm may be detected.
C: To 2 ml. of cobaltous chloride T.S. add 1

ml. of a solution of Choline Bitartrate (1 in 100)
and 2 ml. of potassium ferroc yanide solution (1
in 50): an emerald-green color develops immedia-
tely.

D: Choline Bitartrate solution responda to
the tests for Tartrate, page 434.

Water, page 467—Determine the wa;er content
by drying about 500 mg. of Choline Bitartrate,
accurately weighed? in a vacuum desiccator over
phosphorus entoxlde for 4 hours or by the ti tri-

Ymetric (Kar Fischer) method, using a 2-Gin.
sample dissolved in 50 ml. of anhydrous methanol:
it contains not more than 0.5 per cent of water.

Residue on ignition, page 448—Choline f3it:m-
trate yields not more than 0.1 per cent of residue
on ignition.

Heavy metals, page 430—Dissolve 2 Gm. of
Choline Bitartrate in 20 ml. of water, add 2 ml.
of diluted acetic acid, and dilute to 25 n.1.
with water: the heavy metals limit for Choline
Bitartrate is 20 parta per million.

Assay-Weigh accurately about 100 mg. of
Choline Bitartrate. Dissolve it in 40 ml. of
water in a 150-ml. beaker, and carefully add 10
ml. of freshly prepared saturated ammonium
reineckate solution from a ipet, allowing it to

[run down the side of the bea er so that it forms n
layer under the choline solution without produc-
ing turbulence. Mix by rotating the beaker
gently and allow to stand m a refrigerator for one
hour, rotating the beaker from time to time.
Filter, collect the recipitate in a tared 30-ml.

flow form sintere -glass crucible of medium

~~~yw$m~h~$~~~i$doFw~~~
solution prepared by diluting 2 ml. of saturated
ammonium reineckate solution to 1000 ml.
with -water cooled to 5“, and pass these con-
secutwely through the crucible containing the
precipitate. Remove as much water as powible
with suction, then dry in an oven at 105° for 1
hour. Cool in a desiccator and weigh as choline
reineckate. The weight of the choline reineckate
multitiied by 0.5993 gives the equivalent weight
of CgH1sN07.

Packaging and storage—Preserve Choline
Bitartrate in tight containers.

CATEGORY-LipOhOpiC.

USUALDOSE—2 Gm.
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Lafer B. Christensen JD. ~

Choline in the treatment of rapid-cycling bipolar disorder:
clini,caland neurochemical findings in lithium-treated
patients.

Source
Biological Psychiatry. 40(5):382-8, 1996 Sep 1.

—_ Abstract
This study examined choline augmentation of lithium for
rapid-cycling bipolar disorder. Choline bi-tartrate was
given openly to 6 consecutive lithium-treated outpatients
with rapid-cycling bipolar disorder. Five patients also
underwent brain proton magnetic resonance spectroscopy.
Five of 6 rapid-cycling patients had a substantial
reduction in manic symptoms, and 4 patients had a marked
reduction in all mood symptoms during choline therapy. The
patients who responded to choline all exhibited a
substantial rise in the basal ganglia concentration of
choline-containing compounds. Choline was well tolerated i.n
all cases. Choline, i.nthe presence of lithium, was a safe
and effective treatment for 4 of 6 rapid-cycling patients
in our series. A hypothesis is suggested to explain both
lithium refractoriness in patients with bipolar disorder
and the action of choline in mania, which involves the
interaction between phosphatidylinosi.tol and
phosphati.dylcholine second-messenger systems.
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Landers DM. Willis WT.
Title
Effect of choline supplementation on fatigue in trained
cyclists.

Source
Medicine & Science in Sports & Exercise. 27(5):668-73,
1995 May.

Abstract
The availability of choline, the precurser of the
neurotransmitter, acetylcholine, in the diet is sufficient
to provide the body’s requirements under normal conditions.
However, preliminary evidence indicates that depletion of
choline may li.mi.tperformance, while oral supplementation
may delay fatigue during prolonged efforts. A double-blind
cross-over design was ~sed to determine the relationship
between plasma choline and fatigue during supramaximal
brief and submaximal prolonged activities. Twenty male
cyclists (ages 23-29) with maximal aerobic power (V02max)
between 58 and 81 ml.min-l.kg-l were randomly divided into
BRIEF (N = 10) and PROLONGED (N = 10) groups. One hour
after drinking a beverage with or without choline
bitartrate (2.43 g), cyclists began riding at a power
output equivalent to approximately 150% (BRIEF) and 70%
(PROLONGED) of V02max at a cadence of 80-90 rpm. Time to
exhaustion, indirect calorimetry and serum choline,
lactate, and glucose were measured. Increases in choline
levels of 37 and 52% were seen within one hour of ingestion
for BRIEF and PROLONGED groups, respectively. Neither group
depleted choline during exercise under the choline or
placebo conditions. Fatigue times and work performed under
either test condition for the BRIEF or PROLONGED groups
were similar. Consequently, trained cyclists do not deplete
choline during supramaximal brief or prolonged submaximal
exercise, nor do
to delay fatigue
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they benefi,t from choline supplementation
under these conditions.
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Jope R. Finkel S. Rattan P.

Title
Choline~ te treatment of Alzheimer-type dementias.

Source
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in the Treatment of Infantile “Colic !
Cl&aiiifi@3’Cenle; $

● Fifty infants with colic were treated with llopon@ Choline-WT. Ex-

cellent response was achieved in 72 per cent and there were few side

effects.

THE problem of infantile colic is fa-
miliar to any physician who cares for

babies. Although only light mention is
made of this problem in most pediatric
literature, the situation can be very dis-
turbing to both the attending physician
and to the parents. A recent discussion
on this topic emphasized that much crying
which is called colic is actually normal
crying which the parents should learn to
accept. Many parents commonly mistake
the two to six hour daily restless period
for colic. This “activity period” or “ex-
ercise period” often occurs at the same
time each day, usually in the late after.
noon or early at night. It is the physi-
cian’s duty to inform the inexperienced
parents of this normal restlessness and
to explain that some babies simply cry
more than others. +-s The laity has unduly
labeled many forms of infantile restless-
ness as “the colic”, and each case must
be individually evaluated to determine
whether or not “true colic” does exist.

W. G. BEAUREGARD, MD*
West Monroe

often tight to palpation. There is often a
family history of similar hyperirritability
during the newborn period of either or
both parents. Occasionally, the examiner
will detect signs or symptoms of tension
in the parents.

Symptom Complex Subsides
in Thrw Months

The passage of excessive flatus during
these episodes is not uncommon; many of
these infants are slow to burp or cannot
be burped at alL Aerophagia, associated
with a marked desire to suck and a vora-
cious appetite, is commonly observed.
Sometimes air-swallowing can be heard
during feedings. The increased motor ac-
tivity with a marked sucking reflex may
give the impression that the baby inter-
prets his colic pains as hunger pains; this
causes more aerophagia with each feeding
which results in more colic. Fortunately,
this symptom complex usually has sub-
sided by the age of 3 months.%

The Colic Syndrome

The syndrome which is usually called
“colic” is characterized by prolonged high-
pitched screaming associated with al-
ternate forceful flexion and extension of
the thighs. The hands are tightly clenched,
and on examining these babies one notices
a generalized hypertonus of the muscula-
ture, or “tension”. Breath-holding is not
unusual and is often associated with a
transient dusky hue of the skin. The eyes
are firmly closed, and the forehead is con-
tracted into a frown. The abdomen is

* Reprint requests to 1607 LN. Seventh St.,
West Monroe, La.
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Aerophagic Colic

The infant under consideration in this
study is the one whose colic seems to stem
mainly from aerophagia. He may be dif-
ficult to burp after feeclings, and he may
temporarily be unable to pass enough
flatus to relieve abdominal distention.
Changing nipples, bottles and formulas
may offer very little improvement. His
rapid intake of formula allows consider-
able air to be swallowed, regardless of
the feeding system used.

Antispasmodic Drugs Traditional

Traditionally, antispasmodic drugs have
been the cardinal treatment for colic. In

--
J. LOUISIANA STATE M. Sot.
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TREATMENT OF INFANTILE COLIC-BEAUREGARD

many instances relief or partial relief is
afforded by atropine or belladonna deriv-
atives such as dicyclomine hydrochloride,
meclizine hydrochloride, hyoscine hydro-
bromide and others either alone orin com-
bination with barbiturates or other sed-
atives. Because these agents are often
disappointing in relieving colic due to
aerophagia, this study was undertaken to
evaluate the converse therapeutic ap-
proach—that of using an agent which in-
creases intestinal motility rather than one
which diminishes it.

Pharmacology

Dexpanthenol (Dextro-pantothenyl al-
cohol) is the alcohol analogue of d-pan-
tothenic acid, a member of the B-complex
group of vitamins:

q~3 ~
HO-C112-$-CHOH- C- W-CH2-CH2-C112-OH

.b
,,...-.. Ci’lt::.{.’

,.
. y.... . (arxno ?44U1OTWWL ALCOHOL)

#- –-:.:?jjg 1.

:$$?-”: On the basis of theoretical consider-

i
‘~ 4 ations, dexpanthenol has been used for the
@ ~. ~vention and therapy of gastroin~tinal
~f.~;?
j~~~j.a.tinyor distention. The rationale for the
~f~ ~ of dexpanthenol is based on the as-

Z: sumption that its administration increases
$$&he amount of coenzyme A available for
l~~”$he formation of acetylcholine, which, in
‘P,F<~,,$ ,@m, increases intestinal tone. So far,
~ ~~hoone has conclusively demonstrated that

4.&4‘the administration of dexpanthenol will

$“

~ “&ad to an increase in coenzyme A and
ii”,-~dcetylcboline;thus, the scientific bask for

+$
..”. ,.}e ,use of dexpanthenol has not yet been
‘.+W@ked. However, many clinical observers
“ $Wtie convinced that it does increase in-}7.i,
5;~f&tinal motility.
~~@i choline is the parent substance Of

#@,mtylcholine, a neurohumoral substance
~~.$$quired for gastrointestinal tonus and
.A.Wstiltic efficiency.

z
,.-<
$“;-/i Side Effects.>.

~o,,untoward effects have been reported

k
<the use of dexpanthenol even when
,!d,~es were administered; thus the

ap@+qs to, be relatively nontoxic.~:!, , r :..,:’ .

The only known contraindication to the
use of dexpanthenol is hemophilia, in
which it may have a tendency to prolong
bleeding time. Theoretical considerations
suggest that dexpanthenol should not be
used for at least 12 hours after parasym-
pathomimetic drugs have been admin-
istered. Respiratory embarrassment was
observed in one case report when dexpan-
thenol was administered shortly after
succinylcholine therapy.

The only side effects observed during
this study were an occasional increase in
frequency of defecation and in three cases, ,
some mild diarrhea which subsided when
the drug was withdrawn (Table 1).

TABLE 1
—

Side Effects Number of Cese$ Percentage

Mild Diarrhea: 3 6 ,.

Method . ..
Fifty infants were individually eval- ‘i~.a ~

uated at various times during their first
,,,>

t~

..2:

3 months of life. All colic was considered
;%>, ●;,

to be related to aerophagia, increased
+ .~ ;,

sucking activity, and an unusually vora- ‘“!{ ,
cious appetite with rapid intake of feed-
ings. The parents were questioned closely - :.

regarding feeding habits, feeding tech-
niques, variety of foods, family history of ----

colic and the general and specific behavior
.-...
z‘,

of the infants before, during and after
.,

feedings. Cases in which colic was not ~;~
thought to be due to aerophagia were ex- .1
eluded from the study group. In all in-

,;,
,!

stances the parents affirmed that smacking ‘”:: r..><;
noises or air swallowing could be heard i
during feedings. very often, colic was

“-.

noted soon after feedings and was as-
..
:4

sociated with increased expulsion of flatus.
..?‘1.;

Each infant had previously been treated ‘: ~

with an antispasmodic-sedative combina- f

tion in the usual therapeutic amounts with 4
only partial or no improvement in symp-
toms. The drugs initially used were either .,
methscopolamine bromide, dicyclomine
hydrochloride, meclizine hydrochloride, or

.;
. .

hyoscine hydrobromide (each combined .“.*3

with phenobarbital). In some cases re-
fractive to these drugs other antispas-

~: 41

.%%
;..,~~ $

medic-sedative combinations were used
r
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imsuccessfully. Usually,  this was done
when a hyperirrit.ability  reaction due to
the phenobarbital was suspected.

When symptoms and signs did not
disappear with the original therapy, the
infants were placed on dexpanthenol  with
choline bitartrate  ( llopan@  Choline-WT )
alone. Because this product is presently
available only in tablet form, the drug
was crushed and mixed in Serpalta or
raspberry syrup so that one teaspoonful
of syrup was the equivalent of one tablet
(50 mgm Ilopan and 25 mgm choline
bitartrate). Refrigeration was recom-
mended in order to prevent overgrowth
of mold or  other  contaminants .  The
dosage for all infants was one teaspoonful
(one tablet) every eight hours.

Parents were asked to report on the
effectiveness of the drug four to five days
after beginning therapy. They were spe-
cifically asked to watch for:

1) Any improvement of signs and
symptoms of colic — especially less
crying, less restlessness, less abdominal
distention.

2) Increased expulsion of flatus.
3) Side effects---especially increased

frequency or loosening of stools,

Comment
This study was undertaken to evaluate

the effectiveness of a drug which in-
creases intestinal motility in relieving in-
fantile colic due to retained gas and
swallowed air. Admittedly, this report is
highly subjective, depending greatly on the
opinions of the parents so that “outside
factors” must be considered. The parents,
for example, might conceivably have been
more relaxed because they were using a
medication which they felt would solve
the problem. This lessening of anxiety
could have created a more relaxed environ-
ment for the infant and possibly improved
his colic. Of some significance, however,
is the fact that all infants had been pre-
viously treated with at least one of several
antispasmodic-sedative combinations with
only partial or no relief of colic symptoms.

Most of the infants were treated in the
first month of life but an occasional case

144

!month. Since colic is a tem-Wrary  ‘condi’
tion, there is always the ptiibility  tha, ”

!improvement occurred spontaneously. ~ ?
Fifty colicky infants were treated and ‘ :

observed mainly to determine whether any
relief could be obtained after an unsatis-
factory response to antispasmodic therapy.
This is not to suggest that antispasmodic-
sedative combinations are usually in-
adequate; to the contrary, many cases of
colic are afforded much relief by the usual
agents. There are some affected infants,
however, who seem to obtain relief mainly
by expulsion of flatus with increased bowel
tone. That 72 per cent of infants in this
group showed improvement suggests that
carefully controlled studies on a large scale
might be worthwhile.

Results
Since this  was not  a

study”, the subjective data
the parents were compiled

“double-blind
obtained from
and arranged

in three very general categories: ex-
cellent, fair, and poor (Table 2).

TABLE 2

Categories Number of Cases Percentage

Excellent 36 72
Fair 11 22
Poor 3 6

Total: 50 100

An “excellent” response was considered
one in which marked improvement in
crying, restlessness, abdominal distention.
and expulsion of flatus afforded complete
or near complete relief of colic with only
occasional recurrent episodes noted.

A “fair” response was one in which
restlessness and crying showed slight or
temporary improvement, although in-
creased frequency and amount of flatus
were obvious.

The “poor” category included the cases
in which the parents were able to observe
no improvement of any type.

Colic is a troublesome syndrome but it
cannot be considered as dangerous to the
infant. For this reason any therapeutic
approach must be reasonably safe with no
serious side effects. The excellent safety

J. LOUISIAXA  STATE M. Sot.



record of dexpanthenol-choline would lend
support to its use in infants with aero-
phagia and colic. Should further studies
confirm its efficacy, another advantage
would be the prospect of relatively pro-
longed therapy with no likelihood of addic-
tion.

Summary

Fifty infants with colic apparently
related to aerophagia and retained in-
testinal gas were treated with three daily
doses of dexpanthenol-choline. All cases
had responded poorly to antispasmodic-
sedative combinations.

Thirty-six of 50 (72%) infants had an
excellent response to treatment with less
crying, less restlessness, and more expul-
sion of flatus.

No serious side effects were noted.
It is hoped that further experience with

dexpanthenol-choline in the treatment of

.
~

_—_ TREATMENT OF INFANTILE COLIC-BEAUREGARD

aerophagia and colic in infants may con-
!

firm the safety and effectiveness of this
drug.
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Abstract

We conducted a double-blind, placebo controlled study of the effects
of choline bitartrate on intellectual performance in 5 patients with
early Alzheimer-type dementia. Three doses of choline bitartrate
(8 gm, 12 gm, and 16 gm) were given for two weeks each with a two-h?ek
placebo period either preceding (N=2) or following (N=3) the drug
period. Cognitive testing was administered during a baseline period
and thereafter once a week for the duration of the study. Comparing
drug condition with placebo, we found significant improvement for
auditory and visual word recognition at 12 gm per day of choline
bitartrate. The mean plasma choline level nearly doubled from base-
line to 12 gm per day. These results suggest improvement in some
aspects of cognitive performance during choline bitartrate treatment.

Introduction

This paper reports the effects of choline bitartra+” on cognitive
functioning in early Alzheimer’s disease and senile dementia of the
Alzheimer type. The impetus for this study came from preliminary
neurochemical reports suggesting that choline acetyltransferase
(C.A.T.) activity, a possible marker of presynaptic cholinergic

.+y-ens, is substantially reduced in areas of cerebral cortex in
‘heimer’s disease relative to that of normal age matched controls
-5). Preliminary studies have raised the possibility that

rn;scarinicacetylcholine receptors are still intact (3-5). This
suggests that Alzheimer’s disease might involve a selective impairment
of the presynaptic cholinergic system (3). Choline treatment, which
raises brain acetylcholine, might restore the,hypothesized decrement



in central acetylcholine. If SO, th
improvement in cognitive functioning

Pilot studies of the effect of cho

on observer-rated behavior have yiel

s restoration could lead to an

ine on cognitive performance and
ed mixed results. Patients were

less irritable and more alert (6), but some experienced exacerbated
urinary incontinence (7) and depression (8). In one open study of
choline chloride, some patients had improved behavior ratings (6)
(2 weeks each of 5 and 10 gm daily), but in a more extensive placebo
controlled trial (2 months of 15 gm daily), others showed no improve-
ment (9). A controlled study of the effects of choline chloride
(16 gm daily for 1 week) on healthy elderly people with mild to
moderate memory problems failed to demonstrate effects on memory, mood
or overall social functioning (10). In another open study, patients
with early Alzheimer-type dementia who received choline citrate
(3 weeks of 9 gm daily) showed some improvement in cognitive perform-
ance (11). TW placebo controlled trials of choline bitartrate
(4 weeks of up to 10gm daily; and 2 weeks of 9 gm daily) did not
produce any improvement in cognitive performance or behavior ratings,
although some patients displayed less confusion (7,8,9). Given these
mixed yet suggestive findings, we decided to test the effects of
choline bitartrate in a double-blind, placebo-controlled study. Three
different doses were given in an attempt to identify a dose which
might produce a therapeutic effect. Mildly to moderately impaired
Alzheimer outpatients were carefully selected because treatment might
be most effective in patients whose cholinergic neurons were only
mildly affected.

The pat
6.7), wer
dementia.
were obta
disease (
two month

Materials and Methods—

ents, three men and two women (55-77 years, M = 69.8; S.D. =
referred to us after medical and necrologic–evaluations for
Diagnostic studies including skull films, EEG, and CAT scan

ned and were consistent with the presence of Alzheimer’s
2). Of the 12 patients evaluated for treatment during the
before the study bman. six met the selection criteria.

However, one was dropped f;om ~he”study because she became anxious,
developed a foul fishy odor, and experienced nausea and belching
during the 8 gm trial. Each patient plus a family member gave written
informed consent.

The cognitive test battery consisted of ten tasks. Four memory
tasks involved immediate recall of a logical paragraph (13), logical
sentences (13), meaningless sentences (13), and geometric figures
(Benton Revised Visual Retention Test, Form C) (14). Two other
memory tasks assessed inwnediaterecognition of word lists presented
auditorily and visually (13). The Face-Hand-Test (FHT) (15,16) and
the Mental Status Questionnaire (MSQ) (15,16) served as clinical
measures for the assessment of altered brain function. The digit
symbol (17) was used to test psychomotor speed and a Control Rating
Scale (13) was included to assess a subjective sense of control.
Behavioral evaluations by a family member were obtained by completion
of the Sandoz Clinical Assessment-Geriatric (SCAG) (18). These 11
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$)’..:.
tests yielded 13 scores: the Benton was scored for number of errors
and correct reproductions. SCAG items 1 through 18 were totaled and
examined separately from the 19th item, scored for overall impression
of the patient. The choline and placebo were administered in tablet
form and were identical in appearance (Nature’s Bounty, Inc., Bohemia,
N.Y.).

Each patient was pretested three times at 48 hour intervals. There
was variability in performance but no observable learning or practice

‘“effects.. Random assignment of ,oatientswas made to one of two treat-
Inentsequences: (1) two weeks each of baseline, 1st placebo, 8 m

?chollne, 12 gm choline, 16 gm choline and 1 week of 2nd placebo N=3);
‘(2) two weeks each of baseline, 8 gm choline, 12 gm choline, 16 gm
choline, 1st place~ and 1 week of 2nd placebo (N=2). At the end of
,each treatment week patients were tested, SCAGratings were obtained,
and a 10 ml blood sample was drawn for plasma choline determination

k

19).
.
For each patient, scores were averaged for each treatment to yield
;lescore per treatment per patient. The two treatment sequences were
combined for statistical analysis. There were no significant differ-
ences between the 1st and 2nd placebo scores, hence they were combined.
The 13 scores were subjected to statistical analysis by means of a
mixed model analysis of variance for repeated measures (20).

i. Resultsi

‘ A main effect for drug condition (8 gm, 12 gm, 16 gm) versus placebo
condition was examined as shown in TABLE I. Post-hoc comparisons were
made if the analysis yielded any significant or nearly significant
results, A drug main effect was found for the visual presentation
word recognition tisk (F = 3.4; df = 3.25; p <0.05) but did not reach
Statistical significance for the auditory presentation word recogni-
tiOtl task (F = 1.1; df = 3.25; p ❑ 0.37) because of large within-
subjects variability. Post-hoc comparisons revealed that patients
l%GOgnized ~re words during the 12 gm than during the placebo
Condition for both visual (t = 2.7; df = 24; p <().02)and auditory
Presentations (t =2.1; df = 24; p .0.03). Plasma choline levels rose
from a man (is.E.M.) of3.9 f 0.5 nM/ml during the baseline-placebo
period to 7.2 ~ 1.3 nM/ml during the 12 groper day period (t= 2.47;
df= 7; p <0.03).

Discussion

i The purpose of this pilot study in a carefully selected group of
mildly impaired outpatients with Alzheimr-type dementia was to find a
Ose of choline bitartrate that might produce a therapeutic effect and

,,@discover which cognitive tests would be most sensitive to a change

4
fn intellectual performance. At 12 gm per day of choline bitartrate
found enhanced performance on the word recognition tasks. At this

k

:,
.;j...
~>;,

!$f~;’}: 4
~,..
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TABLE I

Association of Choline Dose with Cognitive and Behavioral Scores

Dependent Measures

Word Recognition Word Recognition
Drug Condition Auditory Presentation Visual Presentation

(M % SD) (M % SD)

Baseline 6.3 ? 3.8
Placebo*

5.0 ~ 2.8
7.3 t 3.9 4.5 22.0

8 gm 7.6 ~ 3.4 5.4 t 2.5
12 gm 8.7 t 3.9**
16 gm

6.5 ? 2.8***
8.0 t 3.2 4.5 ? 2.6

*Placebo scores were combined for statistical analysis but were
obtained both before and after drug treatment

**F = 1.1; df = 3,25; p = 0.37
***F = 3.4; df = 3,25; p <0.05

--.---------.--

dose of choline the mean plasma choline level was nearly double the
mean value during the baseline-placebo period.

Since lecithin, the principal source of choline in the diet, does
not produce the fishy odor that choline sometimes does, we have
discontinued choline bitartrate administration in favor of lecithin.
Although we would not normally report work on such a small sample of
patients, we feel that doing so is warranted as a preliminary attempt
in identifying an effective choline dose and plasma level. In
evaluating any new pharmacological agent, it is important to avoid
premature negative results due to inappropriate selection of patients,
inadequate dose, or insensitive measures of clinical response. For
this reason a dose ranging pilot study that finds a dose related
therapeutic effect can be a useful guide for more extensive studies in
the future.
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Abstract

We conducted a double-blind, placebo controlled
of choline bitartrate on intellectual performance

Medicine

study of the effects
in 5 patients with

early Alzheimer-type dementia. Three doses of choline bitartrate
(8 gm, 12 gm, and 16 gm) were given for two weeks each with a two-week
placebo period either preceding (N=2) or following (N=3) the drug
period. Cognitive testing was administered during a baseline period
and thereafter once a week for the duration of the study. Comparing
drug condition with placebo, we found significant improvement for
auditory and visual word recognition at 12 gm per day of choline
bitartrate. The mean plasma choline level nearly doubled from base-
line to 12 gm per day. These results suggest improvement in some
aspects of cognitive performance during choline bitartrate treatment.

Introduction

This paper reports the effects of choline bitartrate on cognitive
functioning in early Alzheimer’s disease and senile dementia of the
Alzheimer type. The impetus for this study came from preliminary
neurochemical reports suggesting that choline acetyltransferase
(C.A.T.) activity, a possible marker of presynaptic cholinergic

_~!!gurons,is substantially reduced in areas of cerebral cortex in
““heimer’sdisease relative to that of normal age matched controls

Preliminary studies have raised the possibility that
mu~~~~inic acetylcholine receptors are still intact (3-5). This
suggests that Alzheimer’s disease might involve a selective impairment
of the presynaptic cholinergic system (3). Choline treatment, which
raises brain acetylcholine, might restore the .hypothesized decrement

I

I
. .
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in central acetylcholine. If so, this restoration could lead to an
improvement in cognitive functioning.

Pilot studies of the effect of choline on cognitive performance and
on observer-rated behavior have yielded mixed results. Patients were
less irritable and more alert (6), but some experienced exacerbated
urinary incontinence (7) and depression (8). In one open study of
choline chloride, some patients had improved behavior ratings (6)
(2 weeks each of 5 and 10 gm daily), but in a more extensive placebo
controlled trial (2 months of 15 gm daily), others showed no improve-
ment (9). A controlled study of the effects of choline chloride
(16 gm daily for 1 week) on healthy elderly people with mild to
mderate memory problems failed to demonstrate effects on memory, mood
or overall social functioning (10). In another open study, patients
with early Alzheimer-type dementia who received choline citrate
(3 weeks of 9 gm daily) showed some improvement in cognitive perform-
ance (11). Two placebo controlled trials of choline bitartrate
(4 weeks of up to 10gm daily; and 2 weeks of 9 gm daily) did not
produce any improvement in cognitive performance or behavior ratings,
although some patients displayed less confusion (7,8,9). Given these
mixed yet suggestive findings, we decided to test the effects of
choline bitartrate in a double-blind, placebo-controlled study. Three
different doses were given in an attempt to identify a dose which
might produce a therapeutic effect. Mildly to moderately impaired
Alzheimer outpatients were carefully selected because treatment might
be most effective in patients whose cholinergic neurons were only
mildly affected.

Materials and Methods—

The patients, three men and tw women (55-77 years, M = 69.8; ~=
6.7), were referred to us after medical and necrologic–evaluations for
dementia. Diagnostic studies including skull films, EEG, and CAT scan
were obtained and were consistent with the presence of Alzheimer’s
disease (12). Of the 12 patients evaluated for treatment during the
two months before the study began, six met the selection criteria.
However, one was dropped from the study because she became anxious,
developed a foul fishy odor, and experienced nausea and belching
during the 8 gm trial. Each patient plus a family member gave written
informed consent.

The cognitive test battery consisted of ten tasks. Four memory
tasks involved immediate recall of a logical paragraph (13), logical
sentences (13), meaningless sentences (13), and geometric figures
(Benton Revised Visual Retention Test, Form C) (14). Two other
memory tasks assessed inmnediaterecognition of wrd lists presented
auditorily and visually (13). The Face-ttand-Test(FHT) (15,16) and
the Mental Status Questionnaire (MSQ) (15,16) served as clinical
measures for the assessment of altered brain function. The digit
symbol (17) was used to test psychomotor speed and a Control Rating
Scale (13) was included to assess a subjective sense of control.
Behavioral evaluations by a family member were obtained by completion
of the Sandoz Clinical Assessment-Geriatric (SCAG) (18). These 11



tests yielded 13 scores: the Benton was scored for number of errors
and correct reproductions. SCAG items 1 through 18 were totaled and
examined separately from the 19th item, scored for overall impression
of the patient. The choline and placebo were administered in tablet
~~)and were identical in appearance (Nature’s Bounty, Inc., Bohemia,

. . .

Each patient was pretested three times at 48 hour intervals. There
was variability in performance but no observable learning or practice

.’ effects. Rartdomassignment of patients was made to one of two treat-
ment sequences: (1) two weeks each of baseline, 1st placebo, 8 m

?)..%+choline, 12 gm choline, 16 gm choline and 1 week of 2nd placebo N=3 ;
) two weeks each of baseline, 8 gm choline, 12 gm choline, 16 gm
oline, 1st placeh and 1 week of 2nd placebo (N=2). At the end of

:each treatment week patients were tested, SCAG ratings were obtained,
and a 10 ml blood sample was drawn for plasma choline determination

‘For each patient, scores were averaged for each treatment to yield
te score per treatment per patient. The two treatment sequences were

combined for statistical analysis. There were no significant differ-
: ences between the 1st and 2nd placebo scores, hence they were combined,

3 scores were subjected to statistical analysis by means of a
model analysis of variance for repeated measures (20).

Results

‘~.A main effect for drug condition (8 gm, 12 gm, 16 gm) versus placebo
..Conditionwas examined as shown in TABLE I. Post-hoc comparisons were

if the analysis yielded any significant or nearly significant
A drug main effect was found for the visual presentation

s:Wrd recognition~Sk(F= 3.4; df = 3.25; p <0.05) but did not reach
cal significance for the auditory presentation word recogni-

f = 3,25; p = 0.37) because of large within-
Post-hoc comparisons revealed that patients

during the 12 gm than during the placebo
sual (t = 2.7; df = 24; p <0.02) and auditory

.; Presentations (t = 2.1; df = 24; p <0.03). Plasma choline levels rose
from a mean (tS.E.M.) of 3.g ~ 0.5 nM/ml during the baseline-placebo

“$ Period to 7.2 1 1.3 nM/ml during the 12 grn per day period (t = 2.47;
;@ = 7; p <0.03).$$ df
L*42

Discussion

purpose of this pilot study in a carefully selected group of
y impaired outpatients with Alzheimer-type dementia was to find a
Of choline bitartrate that might produce a therapeutic effect and
scover which cognitive tests would be mst sensitive to a change
tellectual performance. At 12 gm per day of choline bitartrate
und enhanced performance on the word recognition tasks. At this
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TABLE I

Association of Choline Dose with Cognitive and Behavioral Scores

Dependent Measures

Word Recognition Word Recognition
Drug Condition Auditory Presentation Visual Presentation

(Mf SD) (Mf SD)

Baseline 6.3 ? 3.8 5.O.t 2.8
Placebo* 7.3 ? 3.9 4.5 ? 2.0
8 gm 7.6 ? 3.4 5.4 ~ 2.5
12 gm 8.7 t 3.9** 6.5 f 2.8***
16 gm 8.0 t 3.2 4.5 L 2.6

*Placebo scores were combined for statistical analysis but were
obtained both before and after drug treatment

**F = 1.1; df = 3,25; p = 0.37
***F = 3.4; df = 3,25; p <0.05

---------------

dose of choline the mean plasma choline level was nearly double the
mean value during the baseline-placebo period.

Since lecithin, the principal source of choline in the diet, does
not produce the fishy odor that choline sometimes does, we have
discontinued choline bitartrate administration in favor of lecithin.
Although we would not normally report work on such a small sample of
patients, we feel that doing so is warranted as a preliminary attempt
in identifying an effective choline dose and plasma level. In
evaluating any new pharmacological agent, it is important to avoid
premature negative results due to inappropriate selection of patients,
inadequate dose, or insensitive measures of clinical response. For
this reason a dose ranging pilot study that finds a dose related
therapeutic effect can be a useful guide for more extensive studies in
the future.
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1.1.,-... ● Fifty infants with colic were treated with llopcjn@ ChaJine-W. Ex-

cellent response was achieved in 72 per cent and there were few side

effects.

T HE problem of infantile colic is fa-
miliar to any physician who cares for

babies. Although only light mention is
made of this problem in most pediatric
literature, the situation can be very dis-
turbing to both the attending physician
and to the parents. A recent discussion
on this topic emphasized that much crying
which is called colic is actually normal
crying which the parents should learn to
accept. Many parents commonly mistake
the two to six hour daily restless period
for colic. This “activity peri~” or “ex.
ercise period” often occurs at the same
time each day, usually in the late after-
noon or early at night. It is the physi-
cian’s duty to inform the inexperienced
parents of this normal restlessness and
to explain that some babies simply cry
more than others.+5 The laity has unduly
labeled many forms of infantile restless-

W. G. BEAUREGARD, MD*
West Monroe

often tight to palpation. There is often a
family history of similar hyperirritability
during the newborn period of either or
both parents. Occasionally, the examiner
will detect signs or symptoms of tension
in the parents.

Symptom Complex Subsides
in Three Months

The passage of excessive flatus during
these episodes is not uncommon; many of
these infants are slow to burp or cannot
be burped at all. Aerophagia, associated
with a marked desire to suck and a vora-
cious appetitq is commonly observed.
Sometimes air-swallowing can be heard
during feedings. The increased motor ac-
tivity with a marked sucking reflex may
give the impression that the baby inter-
prets his colic pains as hunger pains; this
causes more aerophagia with each feeding

ness as “the colic”, and each case must
be individually evaluated to determine
whether or not “true colic” does exist.

The Colic Syndrome

The syndrome which is usually called
“colic” is characterized by prolonged high-
pitched screaming associated with al-
ternate forceful flexion and extension of
the thighs. The hands are tightly clenched,
and on examining these babies one notices
a generalized hypertonus of the muscula-
ture, or “tension”. Breath-holding is not
unusual and is often associated with a
transient dusky hue of the skin. The eyes
are firmly closed, and the forehead is con-
tracted into a frown. The abdomen is

* Reprint requeststo 1607 .W. Seventh St.,
West Monroe, La.
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which results in more colic. Fortunately,
this symptom complex usually has sub-
sided by the age of 3 months.e

Aerophagic Colic

The infant under consideration in this
study is the one whose colic seems to stem
mainly from aerophagia. He may be dif-
ficult to burp after feeclings, and he may
temporarily be unable to pass enough
flatus to relieve abdominal distention.
Changing nipples, bottles and formulas
may offer very little improvement. His
rapid intake of formula allows consider-
able air to be swallowed, regardless of
the feeding system used.

Antispasmodic Drugs Traditional

Traditionally, antispasmodic drugs have
been the cardinal treatment for colic. In
.. .. . _

J. LOUISIANA STATE }1.SOC.

~la!f$iU,$:V3?! A,:.!$.4?! 3: PROTECTCD BY
CGF’’’i+iGffT ?.A’*Y (TITLE 17, I.J.SL CODE)



,,.:
;,.

.-. 11
ii‘“

, ..

1
TREATMENT OF INFANTILE COLIC-BEAUREGARD \
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The only known contraindication to the imany instances relief or partial relief is
afforded by atropine or belladonna deriv-
atives such as dicyclomine hydrochloride,
meclizine hydrochloride, hyoscine hydro-
bromide and others either alone or in com-
bination with barbiturates or other sed-
atives. Because these agents are often
disappointing in relieving colic due to
aerophagia, this study was undertaken to
evaluate the converse therapeutic ap-
proach—that of using an agent which in-
creases intestinal motility rather than one
which diminishes it.

Pharmacology

Dexpanthenol ( Dextro-pantothenyl al-
cohol) is the alcohol analogue of d-pan-
tothenic acid, a member of the B-complex
group of vitamins:

q% ~

HO- CH2-$. C)IIOH-C-NH-CH2-CH2-CH2-OH

.&
.,.,<...,. C-H4....”.

,“:
y. . .., ~&W7X0 PRiVTOT#EbIYL /4LC01f0L)

‘efig 1.:’”+ %$; -,

~~ : On the basis of theoretical consider-
.<~~ ations, dexpanthenol has been used for the
?+?”” riwention and therapy of gastrointestinal--~,$ P
‘.,~~<:!a-tiny or distention, The rationale for the
%$~~use of dexpanthenol is based on the as-
% imrnption that its administration increases

.j$$$jjhe amount of coenzyrne A available for
~~~~the formation of acetylcholine, which, in
{jf~:.$vrn,increases intestinal tone. So far,

%
i: ~.no one has conclusively demonstrated that
‘$ ~~ihe administration of dexpanthenol will
@~,#lad to an increase in coenzyme A and

g

,jibtylcholine; thus, the scientific basis for
#’-he use of dexpanthenol has not yet been‘ .,-;$

“-*”? fived. However, many clinical observers
‘-?f’tire convinced that it does increase in-
$!$#’~tinal motility.
%rk~~ Choline is the parent substance of

{

;jy.:.+~
~, ~.~.etylcholine, a neurohumoral substance
:~”~!:~uired for gastrointestinal tonus and
~$:~tisti]tic efficiency..,$:a. ~,,

:,,.::’
;I::;k+i;

.,. Side Effects
[ountoward effects have been reported

$he use of dexpanthenol even when
~dosea were administered; thus the
i! amars to be relatively nontoxic.. .. .. .

.. ..... ,.
c:voi:i20,’’No.-3“’

,’ .

use of dexpanthenol is hemophilia, in
which it may have a tendency to prolong
bleeding time, Theoretical considerations
suggest that dexpanthenol should not be
used for at Ieast 12 hours after parasym-
pathomimetic drugs have been admin-
istered. Respiratory embarrassment was
observed in one case report when dexpan-
thenol was administered shortly after
succinylcholine therapy.

The only side effects observed during
this study were an occasional increase in
frequency of defecation and in three cases,
some mild diarrhea which subsided when
the drug was withdrawn (Table 1).

TABLE 1
—
Side Effecis Number of Cases Percentage

Mild Diarrhea: 3 6 ,.

Method , ..
Fifty infants were individually eval- ‘; ~,i-, ,

4uated at various times during their fim , ‘~ .,
4

3
!3 months of life, AU colic was considered ‘“’ ‘*+;i,
to be related to aerophag@ increased ~ ,.,, ~~
sucking activity, and an unusually vora-

...
-i

cious appetite with rapid intake of feed-
ings. The parents were questioned closely . :
regarding feeding habits, feeding tech-
niques, variety of foods, family history of -.

colic and the general and specific behavior .
.‘=

of the infants before, during and after ,
, .,

feedings. Cases in which colic was not ..~.
thought to be due to aerophagia were e= ~;

eluded from the study group. In all in-
.,
:,

stances the parents affirmed that smacking “‘ ‘:;
noises or air swallowing could be heard .,

.
during feedings. Very often, colic was

m,

noted soon after feedings and was as- ..~
sociated with increased expulsion of flatus.

‘..“:
..

Each infant had previously been treated
with an antispasmodic-sedative combinat-
ion in the usual therapeutic amounts with
only partial or no improvement in symp-
toms. The drugs initially used were either
methscopolamine bromide, dicyclomine
hydrochloride, meclizine hydrochloride, or .-.
hyoscine hydrobromide (each combined A.-a,:,+ ..
with phenobarbital ). In some cases re-
fractiveto thesedrugsotherantispas-

$

,ig~”?::i

>~~~.$
medic-sedativecombinationswere used t.P..JM

.,:;:gg’#
143

~~ 41

$$$!,<.~~‘{
,.,+;:‘,p+~:ti,‘;$
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unsuccessf WY. Usually, this was done
when a hyperirritability reaction due to
the phenobarbital was suspected.

When symptoms and signs did not
disappear with the original therapy-, the
infants were placed on dexpanthenol with
choline bitartrate ( Ilopan@ Choline-WT)
alone. Because this product is presently
available only in tablet form, the drug
was crushed and mixed in Serpalta or

raspberry syrup so that one teaspoonful
of syrup was the equivalent of one tablet
(50 mgm Ilopan and 2+5 mgm choline
bitartrate). Refrigeration was recom-
mended in order to prevent overgrowth
of mold or other contaminants. The
dosage for all infants was one teaspoonful
(one tablet) every eight hours.

Parents were asked to report on the
effectiveness of the drug four to five days
after beginning therapy. They were spe-
cifically asked to watch for:

1) Any improvement of signs and
symptoms of colic — especially less
crying, less restlessness, less abdominal
distention.

2) Increased expulsion of flatus.
3) Side effects--especially increased

frequency or loosening of stools.

Comment

This study was undertaken to evaluate
the effectiveness of a drug which in-
creases intestinal motility in relieving in-
fantile colic due to retained gas ‘and
swallowed air. Admittedly, this report is
highly subjective, depending greatly on the
opinions of the parents so that “outside
factors” must be considered, The parents,
for example, might conceivably have been
more relaxed because they were using a
medication which they felt would solve
the problem. This lessening of anxiety
could have created a more relaxed environ-
ment for the infant and possibly improved
his colic. Of some significance, however,
is the fact that all infants had been pre-
viously treated with at least one of several
antispasmodic-sedative combinations with
only partial or no relief of colic symptoms.

Most of the infants were treated in the
first month of life but an occasional case

144

—
month.Sincecolicisa temporary“coridi~
tion,thereisalwaysthe@ibilitytha~
improvementoccurredspontaneously.~‘~

Fifty colicky infants were treated and
observed mainly to determine whether any
relief could be obtained after an unsatis-
factory response to antispasmodic therapy.
This is not to suggest that antispasmodic-
sedative combinations are usually in-
adequate; to the contrary, many cases of
colic are afforded much relief by the usual
agents. There are some affected infants,
however, who seem to obtain relief mainly
by expulsion of flatus with increased bowel
tone. That 72 per cent of infants in this
group showed improvement suggests that
carefully controlled studies on a large scale
might be worthwhile.

Results

Since this was not a “double-blind
study”, the subjective data obtained from
the parents were compiled and arranged
in three very general categories: ex-
cellent, fair, and poor (Table 2).

TABLE 2

Categories Number of Cases Percentage

Excellent 36 72
Fair 11 22
Poor 3 6

Total: 50 100

An “excellent” response was considered
one in which marked improvement in
crying, restlessness, abdominal distention.
and expulsion of flatus afforded complete
or near complete relief of colic with only
occasional recurrent episodes noted.

.4 ‘<fair” responsewas one in whkh
restlessness and crying showed slight or
temporary improvement, although in-
creased frequency and amount of flatus
were obvious.

The “poor” category included the cases
in which the parents were able to observe
no improvement of any type.

Colic is a troublesome syndrome but it
cannot be considered as dangerous to the
infant. For this reason any therapeutic
approach must be reasonably safe with no
serious side effects. The excellent safety

J. LOUISIANASTATEM, Sot.
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record of dexpanthenol-choline would lend
support to its use in infants with aero-
phagia and colic. Should further studies
confirm its efficacy, another advantage
would be the prospect of relatively pro-
longed therapy with no likelihood of addic-
tion.

Summary

Fifty infants with colic apparently
related to aerophagia and retained in-
testinal gas were treated with three daily
doses of dexpanthenol-choline. All cases
had responded poorly to antispasmodic-
sedative combinations.

Thirty-six of 50 (72$%) infants had an
excellent response to treatment with less
crying, less restlessness, and more expul-
sion of flatus.

No serious side effects were noted.
It is hoped that further experience with

dexpanthenol-choline in the treatment of

aerophagia and colic in infants may con-
firm the safety and effectiveness of this
drug.
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B. Chemical Name:

Alpha-Hydroxy-, 3,3,5 -Trimethylcylclohexyl Ester (9CI), BS 572, Capil~ Ciclospasmo!,
Alpha-Hydroxybenzeneacetic Acid 3,3,5-Trimethylcyclohexyl Ester,, Sancycla~ Sepyro~
3,3, 5-Trimethylcyclohexanol, Alpha-Phenyl-Alpha-Hydroxyaxetate, 3,5,5-
Trimethylcyclohexyl Amygdalate, 3,3,5-Trimethylcyclohexyl Mandelate, Methylcyclohexyl
Mandelate.

C. Common Name:
Arto-Espasmol, Perebral, Saiclate
Cyclobral, Spasmione, Spasmocyclo~ Spasmocyclone
Cyclospansmol
Benzenenacetic Acid, Clandilo~ Cyckmdelate, Cyclolyt, Cyclomandol, Cyclospasmol,

_—_-.— . D. Chemical grade or description of the strength, quality, and purity of
the ingredient:

Assay 99.8yo

E. Information about how the ingredient is supplied:

A white to off-white amorphous powder with a slight menthol-like odor and a bitter taste.

F. Information about recognition of the substance in foreign
pharmacopoeias:

G. Bibliography of available safety and efficacy data including peer
reviewed medical literature:

Coolq P. and James, I. Cerebrovascular Disease. NW Engl J A4eu! 1981;305: 1508 and
1560.



—
Young J. Studies on the role of Cychndelate in Cerebrovascular disease. Br. J
Psychiat, 1974; 124:177.

Hall, P. J Am. Geriat. Sot. 1976; 24:41.

Davies, G. Age andAgeing. 1977; 6:156.

Rae, D. B. L Am. Geriat. Sot. 1977; 25:548.

Brasseur, R. Angio/ogy. 1978; 29:121.

Capote, B. and Parikh. J Am. Geriat. Sk,, 1978; 26:360.

Harding F. A. Angiolo~, 1978;29: 139.

Cunha-V~ J. G. Diabetic Retinopathy. Br. J Ophihcd 1977; 61:399.

CofIinW J. D. Peripheral vascular disease. Nm Engl. J Med 1979;300:713.

Hester, T. O., Theilmq G., and Gree% W. Cyclandelate in the management of tinnitus: a
randomized, placebo-controlled study. Otokwyngo/HeadNeck Surg, 1998; 118(3Pt 1):
329-332.

Sauer, S., Schellenberg, R., and Hofmann, H. C. Functional imaging - first steps in an
objective quantitative classification of migraine. Eur JA4edRes, 1997: 29(9): 368-376.

Aparasu, R. R. and Fliginger, S. E. Inappropriate medication prescribing for the elderly by
office-based physicians. Ann Pharmacother, 1997; 31(7-8):823-829.

Schellenberg R., TodorovL A., and Wedekind, W, Pathophysiology and
psychopharmacology of dementia–a new study design. 2. Cyclandelate treatment-a
placebo-controlled double-blind clinical trial. Neuropsychobio/o~, 1997; 35(3):132-142.

Diener, H. C. Migraintilagnosis, differential diagnosis and therapy. I%er Umsch,
1997; 54(2):64-70.

Diener, H. C., Fob M., and Iaccarino, C. Cyckmdelate in the prophylaxis of migraine: a
randomized, parallel, double-blind study in comparison with placebo and popranolol. The
Study Group. In summary, cyclandelate has a comparable efficacy to that of popranolol.
Both drugs were better than placebo. Both active treatments were well tolerated.
Cephalal~”a, 1996; 16(6):441-447.
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Gerber, W. D., Schellenberg, R., and Tho~ M. Cyclandelate versus popranolol in the

H.

I.

J.
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K

L.

M.

prophylaxis of migrain~a double-blind placebo-controlled study. Funct Neurol, 1995;
10(1):27-35.

Mot% M. C., Leite, E., and Ruaq M.A. Effect of cyclospasmol on early diabetic
retinopathy. lnt Opthubnol, 1987; 10(1):3-9.

Information about dosage forms used:

Capsules
Tablets
Suspension

Information about strength:

1.6g daily
400 mg Tablets and Capsules
400 mg/5ml Suspension

information about route of administration:

Oral or Intravenous

Stability data:

Melts at about 50-53°
Cyclandelate can decompose by hydrolysis to mandelic acid.
Cyclandelate capsules concluded that less that 5’%0of the cyclandelate degraded in 66

months at ambient temperatures.

Formulations:

Miscellaneous Information:

-
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CERTIFICATE OF ANALYSIS—

CYCLANDELATE

27907b

JULY 15, 1996

150 KGS

HOPE DRUMS

WHITE AMORPHOUS POWDER HAVING FAINT CAMPHOR
LIKE ODOUR & BITTER TASTE. FREELY SOLUBLE IN
METHANOL.

56QC

POSITIVE

0.27% (li,~it 0.5%}

0.05SX (limit O.IX)

P,11. WSAY
99.ax

.=-.12. RESULT
THE SRMPLE Pf2SSES IN (M-L TESTS.

DATE : JULY t8, 1996

FOR R.L CHEMICAL INDUSTRIES PVT. LTD.

a

@SATYA ‘L GUPTA

TECHNICAL DIRECTOR

.... ....

_—_ /
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CXJALI TY CONTROL REPORT—

CHEMICAL NAME. :CYCLANDELATE

MANUFACTURE LOT NO. :279076

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:USP /Bp /MERCK /NF_/MART. /CO .SPECS.—— — — —“

I)DESCRIPTION. : WHITE POWDER.

2)SOLUSILITY. :
PRACTICALLY INSOLUBLE IN WATER; SOLUBLE IN LIPOIDS AND THEIR SOLVENTS;
VOLUBILITY IN MEOH 1/20 IS CLEAR.

3)MELTING POINT.:
MELTS AT ABOUT 50-53 DEGREES. i

-k

-~ 4)SPECIFIC GRAVITY. :

5)IDENTIFICATION ,:

A) COMPLIES ”WITH IR AS PER COMPANY SPECIFICATIONS.

PASSES. : FAILS .:

COMMENTS. :CYCLANDELATE IS ALSO KNOWN AS MANDELIC ACID 3,3,5 TRIMETHYLCYCLO-

HEXYLESTER.

ANALYST SIGNATURE. : DATE. :

PRJ3PACKTBST. : DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :



.-—..
------------------ IDENTIFICATION -------------------

PRODUCT #: C9260 NAME: CYCLANDELATE CRYSTALLINE
CAS #: 456-59-7
MF: C 17H2403

. smoms
c. &T’()-

~LE
B“ENZENEACETIC ACID, ALPHA-HYDROXY-, 3,3,5-

TRIMETHYLCYCL XYL ESTER (9CI) * BS 572 * CAPILAN * CICLOSPASMOL *

CLANDILON * CYCLANDELATE * CYCLOLYT * CYCLOMANDOL *
CYCLOSPASMOL *

DILATAN * ALPHA-HYDROXYBENZENEACETIC ACID ‘%
3,3,5 -TRIMETHYLCYCLOHEXYL

ESTER * PEREBRAL * SAICLATE * SANCYCLAN * SEPYRON * SPASMIONE *
SPASMOCYCLON * SPASMOCYCLONE * 3,3,5 -TRIMETHYLCYCLOHEXANOL

ALPHA-
PHENYL-ALPHA-HYDROXYACETATE * 3,5,5 -TRIMETHYLCYCLOHEXYL

AMYGDALATE *

3
3,3,5 -TRIMETHYLCYCLOHEXYL MANDELATE *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: 008200000

MANDELIC ACID, 3,3,5 -TRIMETHYLCYCLOHEXYL ESTER
- TOXICITY DATA

ORL-RAT LD50: 5 GM/KG NIIRDN 6,310,82
IPR-RAT LD50:2570 MG/KG AIPTAK 105,145,56
ORL-MUS LD5O:>1O GM/KG MIRDN 6,310,82
IPR-MUS LD50:3780 MG/KG AIPTAK 105,145,56
IPR-DOG LD50:2000 MG/KG AIPTAK 105,145,56
ORL-GPG LD50:3950 MG/KG AIPTAK 105,145,56
IPR-GPG LD50:2480 MG/KG AIPTAK 105,145,56

REVIEWS, STANDARDS, AND REGULATIONS
NOES 1983: HZD X4828; NIS 1; TNF 42; NOS 2; TNE 457; TFE 234
EPA TSCA CHEMICAL INVENTORY, JUNE 1990

TARGET ORGAN DATA
BEHAVIORAL (ALTERED SLEEP TIME)
BEHAVIORAL (ATAXIA)
LUNGS, THORAX OR RESPIRATION (OTHER CHANGES)
ONLY SELECTED REGISTRY OF TOXIC EFFECTS OF CHEMICAL SUBSTANCES

(RTECS)
DATA IS PRESENTED HERE, SEE ACTUAL ENTRY IN RTECS FOR COMPLETE

INFORMATION,
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION._-—-.
NIAY CAUSE IRRITATION,
MAY CAUSE FLUSHING, TINGLING, SWEATING, NAUSEA, GASTRO-INTESTINAL



—_

DISTRESS, HEADACHES, TACHYCARDIA, FEELING OF WEAKNESS

TARGET ORGAN(S):

SMOOTH MUSCLE

VASCULAR SYSTEM

THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY

INVESTIGATED.

FIRST AID

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSC1OUS.

CALL A PHYSICIAN.

IN CASE OF SKINI CONTACT, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, REMOVE CONTAMINATED CLOTHING AND

SHOES CALL A PHYSICIAN.
IF INHALED, REMOVE TO FRESH AIR IF BREATHING BECOMES DIFFICULT,
CALL A PHYSICIAN.
IN CASE OF CONTACT WITH EYES, FLUSH WITH COPIOUS AMOUNTS OF WATER

FOR AT LEAST 15 MINUTES, ASSURE ADEQUATE FLUSHING BY SEPARATING

n
THE EYELIDS WITH FINGERS, CALL A PHYSICIAN.

-------------------- PHYSICAL DATA --------------------
APPEARANCE AND ODOR

SOLID.
------------ FIRE AND EXPLOSION HAZARD DATA -----------

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS.

------------------- REACTIVITY DATA -------------------

STABILITY
STABLE.

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
CARBON MONOXIDE, CARBON DIOXIDE

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

~—=-. --------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED



--
WEAR PROTECTIVE EQUIPMENT,
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE,
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER,

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSI+MSHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.
MECHANICAL EXHAUST REQUIRED.
CAUTION:
AVOID CONTACT AND INHALATION,
TARGET ORGAN(S):
SMOOTH MUSCLE
VASCULAR SYSTEM

n THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
PURPORT TO BE
ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE, SIGMA ALDRICH SHALL
NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT. SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



Bcnzyl Nicotinatc/Cyclandelate 1617

f’+tidrki Hy4rocbtaaiaJe Tsbteta (U.S,P.). Tablets contain-
ing Larplrcninc hydrvchlorjdc. sl~re jn ajr~jght ~ntajn.
em.

proprietary Names
Arlib,dc (U.Y Wrwn/rI, ,4rg,/; Arlidin (uSV. Canad,,
US V Phurma,.euticai Corp., USA), Bufcxkm (Ccdwm,
MeJk.); Dilatol (Tropon, Cer.); Dilydrin (.4fedicAemic,
Swifz.); Opino (Bayropkmm. lia/.); Penitsrdon OVoefm.
Ger.); Pervadil (/C/V, Cmad.); Tccodrin (Mcdichcmie,
Swilz.).

Bupheninc hydrdtloride was (ormerly marketed in
Grent Britsin under the proprietary name Perdilatal
Forte (Smith & Nephew Phormaceuticolx).

9218-1

Clsromosaer Hydrochloride. Carbocromm Hydro-
chloride; A270S3: AG 3; Caasella 4489. E~hyl 3.(2-dm-
thylaminoethyi)-4-methy lcoumarin-7-yloxyaeetate hydf~

9221q

Cloridarol. Clobenfurol. n-( Benzofuran-2-yl)-c-(4-
chlorophenyl)mcthanol.
C, SHI,CIOI-258.7.

CAS — 3611-72-I.

A white adourlcss crystalline @waler, M.p. about 48S.

Cloridarol has frccn given in the prevemion and treal-
ment of coronary insufficiency.

Pr@caary Nsmaa
Cordium (Ma$sone, Arg.); Mcnmor (Menadni. lrai. ):
Menoxicor {Mrmzrinf, Spoird.

chloride
CXH2,N05.HCI =397.9.

CAS — 804-f 0.4 (chrome.nar): 65S-35+5 (hydro-
chloride}.

A white crystalline powder with a bitter taste. M.p.
about 159”. Sofabte in water. alcohol. and chloroform.

Chromonar hydrochloride is a vmostilafor which has
been used in the prophylaxis of angina pectoris.

For reports of pharmacological studies, see R. E. Nitz
and E. Potnch, Arzneir?Wc/-Ftarsch., I%3, 13, 243: W.
khner and H, Hirche, /bid.. 251; H. J. Bretachneider
CI ai., ibid.. 255.
Absorption, blood concentration% and excretion of chm
monar.— Y. C. Martin and R. -G. Wiegand, J. pharm.
Sci., 1970, 59, 13[3.

Cardiac Jidrrx A multimntre double-blind crossover

study of 187 patients with angins Pectoria who r~ived
chmmanar for 8 weeks (79 patienta) w 12 weeks (108
patients) at a dosage or 150 mg thrice daily (73
patients) or 22S mg thrice daily (114 peiicms) dmaon-
stramd significant prevention O( nnginal attacks by the
lower dose, and improvement in attsck-rate and glyccryl
trinitrate requirement by the higher dose although the
higher dose failuf IO show any advantage over placebo
when the glyceryl !rinilrate requirement was considered
alone.— R. J. Bing et a/., Ciin, Pharmac. Tker,, 1974.
16, 4. See alsa H. &l] er d., ibid., 1968, 9, 40.
Further references: G. Faucon et al., Th6rapie, 1975,
30, 18$.; E. Schravetr, .4rznelmittel-Forsch., 1976, 26,
197; E. Schravcn ef of., ibid., 200; R. Skbukacu ●t al..
ibid., 204; N. N. Kipsidzw and G. M. Kikava, ibid..
1976, 26.882.

_—%

9222-P

Cyclandelgte. BS 572. 3,3 -Tri-
methylcyclohexyl mandelate. bA
~24u>=~76,4.

92 15-s

Btatalamine Hydrocbioride. LA 1221. NN-f3ibutyl-
N’-(3-phenyl- 1,2,4-osadiazol-5-yl)eth ylenediamine hydre
chloride.
Cl&t28N,0,HCl=352 .9.

CAS — 2213[-3J-7 (butaiamine); 36974-46-0 (hydrw
chioride).

A white crystalline powder. M.p, 135” to 141°, S&bka
1 in 7 of water, I in 10 of nlcohol. and 1 in 2.5 of
chloroform.

Butslaminc hydrochloride is a vaaodilator which haa
Lwen given in the treatment of peripheral vsscuiar dix-
Orders.

Pra+twy Nmxea
Adrevil (Zyma, Gcc.h Hemotmpc (Andromaco, Arg.);
Surem (CEPA, Spain); Surheme (Aron. Fr., Spenssa.
Itai ).

CAS — 456-59-7

crystalline form rcaemkli ng CAn wool.
Practically inaofsabfein watcn soluble 1 in about
1 of alcohol and 1 in about 2 of light petroleum:
very soluble in ether and other common organic
colven[s. Store in a cd place in airtight cxmtain-
ers. Protect from light.

Advem EtTeets. Nausea, gastr~intestinal dis-
tress, or flushing may follow high doses O(
cyclandelate.
Other adverse effects reported include tingling
and headache.
Toxicity of cyclansktate was low. though with large
doses them mi ht be flushing, tingling, nausea, or
headache.- T’. ~i.sor and C. Hymars, Clin. Ph.rmac.
Then, 1%}, 2.652.

Pm~tmy Namaa
Antiangor /fSM. Its/.); Cardiocsp (Fidia, ffu{.fi
Crtsmme (Sclmr~r, lmi.); Intenssin (Ca.me/[a-Riedel,
Brig.; Diamant, Fr.; Camella-Riedel, Ger.; Pierrei. Itai.;
Jnp. $Oeftringer Mannheim. s. Afr.; Alb@-Farrrm,
SpaiK Ca$seLwRiedel. Switz.): Intcnsarmnrt (Alberr-
Farma. Spoirr),

9216-w

Bastoxyetlry} Nicotkaete. 2-Bu!oxyethyI nicotinatc,
CltHl,NCS1-223.3.

Tmtssrerat or Adverse Effects. In severe over-
doaage the stomach should k emptied by aspira-

tion and ‘a’’age” ‘f ‘cces&7 “’he circulationshould be mamtamed wtth m uslons of su]table
electrolytes, and if ncccaaary by vaaopreaaora.

Precmrtioarsi Cyclandelate is contra-indicated in
the acute phase of a cerebrovascsdar accident.

Uses. Cyclandelate is a vasodilator used in the
treatment of cerebrovaacular and
vascular disorders. I “ “
[.6 g daily in divided doses

Actiraa. Animal studies into the mode of action of
cyclandelate A, B. H. Funckc sv d.. Curr. med. Res.
O inion, 1974, 2. 37 (brain glucose uptake); G. van
M%,, Crv,. med. Res. (@nion. 1974,2, 21t (collateral
vc3ael formation).

Cerebrowwcnlar direase. Severtd double-blind studie> of
cyclandelatc have shown improvement !n oricnta! ion,
disturbed bchaviour, and vocabulary withom improve-
ment in self-care, reccn! memory, or mod. Neverthe-
less, the overall results are inconsistent, and improvc-
mems in clinical and psychobgical tests arc not always
ma[ched by useful changes in the activities of daily liv-
ing,— Br. med. J., 1978, 2, 348. %s also Drug & Ther.
Bull.. 1975. /3. 85. Further reviews: Med. Left., 1976,
/8. 38; P. Cook and 1. James. New En<!. J. Med., 1981.
30S,150>and 1560.

CAS — 139i2-8tZif

Butoxyethyl nicotinate ia a topical vaarxfilator used, in a
concentration of 2.S%, in mbefaciem ointments.-
F%spsietary Prepxrxdoraa

See utier Methyl Nicotinate, p.1626,
9219-y

CktepazetMalexte. Cinepazic Acid Ethyl Ester
Makate. Ethyl 4-(3,4,5-t rimct hoxycinnamoyl]pipn-
azin-1-ylaetatc hydrogen malente,
C20HZXNZ0,,C4H,0, -508,5.

CAS — 23887-4 /-4 (cinrpazrf); 50679-07-7 (maleafe).

A white pwder M.p, 130°,

Cinepaze! maleate is a vaaodilator which has been used
in the treatment of angina pectoris.

Absorption and fale of cincpszet in man. Most of a doac
given by mouthwas eliminated within 24 hours, 60%
being excrewd in the urine. The major metabolize was
cinepazic acid. — L. F.Chasscaud et ai,, Arznt-imif -
zci-Forsch., 1972, ,?2, 2003.

Propsiemry Nusam
Vascoril (fM/alamfe, .%+g,; De/akmdc, Fr,, Delahmde,
ltai., Da[a[ande. Swi[z.).

92 17-e

Cetkdil Citrate. 2-( Perhydroszepin- 1-yl)ethyl cs.cyclo-
hcxyl-a-(3-thieny l)ace[a[e dihydrogcn citrate mow
hydratc.
C20H,, NOZS,C6H*0,SH:O=559.7.

CAS — /4/ 76-10-4 (ccfiedifj: 16286+9-4 (cirrare,
arthydrous).

Cetiedil citrate is a vasadilator which has been given in
the treatment of peripheral vascular disorders.

After intravenous injection of radioactively Iabclkd
ceticdil, W% of the dose was metabal ised within 5
minutes, and after 1 hour only Iabciled metabolit~ were
recovered from the urine. Ceticdil was aka shown w bC
rapidly mctabofiscd after administration by mouth, and
after first pass through the liver only metabolitea would
enter the general circulation. II was concluded that the
metabmlitcs of cetiedil were active as inhibition of ~[iva
secretion pcrsistrst when crtietdil could no longer be
detected in plasma.— A, M. Soctcrtik c.( al., Etrr. J.
clin, Pharmac., 1977, 12, 205.

Asthma References to bronchodilator activity of cetiedil
citrate: J.Orchck et al., Nouv. Pre$se ndd.. 1976, 5,
1S77; Y. W, Cho et ai., lrsr J. ci!n. Pharmoc Bi&

pharm., 1978, 14, 402,

Peripheral mscu{ar disorders. An evalua t ion of Cetisdil,
administered intravenously, intramuscularly, or by
mouth, in the treatment of pen hcral vascular disord-

fers.— R. Barbe el a/.. Ciin Tria s J,, 19S0, f7, 20,

Proprfetery Names
Stratcne IInnothira, Fr : Sigmarau. [Iai,).

Individual reports and studies on the role of cyclandekrte
in cerebravascula r disca~
chiaf.. 1974, i24, 177.

., Age and Ageing, 1977, 6.
156; Geriat. SW., 1977, 25,

%&W!%t!’kfLiG%Hf2d.,’Wl 29’ ‘3’; “ ‘0”’”

9220-g

Chaepezide Makate. l-(pyrrolidin- I-yicartmnylme-
thyl)-4.(3,4,5-trimc[ hoxycinnamoyl)pi~ razinc hydro~cn
makate.
Cj,Hl, N@S,C,H,O, -S33.6

CAS — 2J887-46-9 (cinepaz/de); 2632$54- I (maleo:e). Dia6eiic retiaopatby. 1n double-blind randomised
u. d:tcriorafion O* bloc4 -rctmal barrier was

assessed m 22 diabetic patienta, without retinal involve.
Cinepazide maleste is a vmodilator which has been
given in ~riphcral and cerebral vascular disorders and
in coronary insufficiency,
Pharmacology in animak — B, Pourrias er ai,, Th4r.
apie, 1974, 29, 29 and 43

ment, by vitreous ftuorophotometry after the injection of
fluorescein, It was considered that deterioration or the
blood-retinal barrier, an early sign of diabetic retinopa-
thy, was delayed in the third month in theme patients
8iven cyclandelate 4(M mg four times daily for 3
months. Lcmg-term studies were considered to bc indi-
cated --- J. G, Cunha-V~z et al , Br. J Ophrhal . 1977,

/

Proprletasry Names
Vasadistal /L$e/aiande. Fr.: Dt’/aiand#, {Ml.; Dekdamfe,
swi[.7 I

–.-<
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61, 399.

3Jysmerrorrh0ea Over a period ot 15 years, 643 women
with spssmodic dyamcnorrhoes had been treated with
cyclandclatc with consistently gwd results: 800 mg daily
In divided dcses was given for 3 days bdore the
expected date of menstruation and for the first 2 days
of menstruation. — D Kerslake (let(m), Br. med. J.,
1973.2.614.

?’aripherd narcdm diaeae. A review of drug! used in
tk management of peripheral vascular disease, includ.
ing cyclandelatc. There is no substantial evidence to
recommend the use of cyclandelate in peripheral
vaacular diseases— J.- New Engi. J Med.,,
1979. X30. 713. Fun w re(erenc.ew R. E Fremont. Am.
J. med. Sci , 1964, 247, 102; T. Reich, 1. Am. G>r/al.
SOL-., 1977, 2s, 202.

Proorletmv Pream-atioma
C clakral Nor inc. UK). Cyclandelaw, available as esp-

f’ U.: -
~.= CyC@SUCOI ~rorades, UK), Cyclarrdelatc. available za

l~m .;fa~a’?$~~% ~’aining 400 OIg inmg (AIso available as
Cycloapesmol in Am., Be[g.. Canad., Denm,. Fr..
Nefh., Now., S. Afr.. Swirz.. USA).

Other Proprietary Names
ActwEspssmol (Spein); Cicloapasmol (Ital.); Cycle.
m.sndol (Swed. ); Spssmocyclon (Ger,/; Vaaodyl (Spain),

9223-s

Dk-iaopropy18masromiumDicbkmsacetate. DIPA:
Di-isopmpylaminc Dichlomethanoztq Di-isopropylamitw
Dichloroacetatc,
c, H,,cijNo, -230.l.
CAS — 66W7-5.
Crystals with an odour of chlorine amt a slightly bitter
[aste. M.p. 119° 10 121”. Sdubta I in less than 2 of
waten very soluble in alcohol and chloroform.

Di-isopropylamnvmaium dichloroacetate is a vasodilator
which has been given in tbe treatment of peripheral and
cerebral vaaeular disorders.
A review of the pharmacology and therapeutic effects of
di-iaopropylammonium dichktroacetate.— P. W. S1a~
pmt.. J. clin, Pharmac,. 1%9, 9, 282.

PrttprktncyNames
Cubisol (Piam, lta[. J; Dedyl (Di@x, Austrol.; Horsd#-
I.S.H., Fr.); Diedi (Aterrr, Be/g.; !SF, Ital.; Seber,
Spoi?r); Kalodil (Fidfa. Ifal /; Ncovaacoril (Stzifa, ffal.);
Nutricor (Lforcrrs, Spain); Vaacrslene (k’on Borh, lta/.J,

9224-w

Dtkzep Hydroehforkde. Assa C 4898. Perhydm- 1,4-
diazepin-l,4diy lbis(trimethylene 3,4,5 .tri.
methoxybenzoate) dihydrochloride.
C3,H4,N20LQ,2HCI -677.6

CAS — 35898-87-4 (dilazep); 20/53-98-4 (hydro-
chloride).

D!laxep hydrochloride is a vasodilator which has been
given in the treatment of coronary insufficiency and
angnta pect0ri3,

Pharmacology in am”mals.— D. Leuke cc al., Arznrimlf -
te\-Forsch . 1972, 22, 639. Toxicity studies in arrl-
rds.- H H. Able cf al , ibid,, 667; H. Schricwer and
H. M. Rauen. Ibid., 1455.
The mymardial blood flow was measured in 5 pcticnu
with cetbeterised Iwms given dilazcp and found to ix
increased after & of 160 to 310 gg per kg body-
wcight — I Henscl cl of, Ar:neinritrel-Forsch , 1972,
J2, 652. Evidenec of mronary vascularisat ion induced by
dilazcp in animals – G. Schmidt ?Cal., ibid,, 663,
Metatdism.— E. Schaumloffcl and R. Prignitz, ,4rzrwi-
nrirfe/-For$ch., 1972, 22, 1651.
For a acries of papers w the pharmacology and use of
dilazep in ischaemic heart diaeasc, aee Arzneitrzlftel-
Forsch.. 1974.24. 1851 !0 1926.
The cffeers of dilazep on blood platelet aggregatiort.—
F. Kuzuya, ,4rznelmittel-Forsch., 1979, 29, 539

Proprietary Naeeea
Cormelia n [As(u, Ger.; Scherlng, Ito/);Komerian (Jap.).

9225-e

Diltiszem Hydrochloride. Latiazcm Hydrochloride
CRD-401. CM-{+ )-3-Acetoxy-5-(2-
dimcthylamimmthy l)-2,3-dihydr*2-(4-methoxyphenyl)-
1,5.& ”zothiazcpin-4( 5H)-one hydrochloride.
c:2H:,Njo4s,Hcl=45 I .0.

CAS — 42399-41-7 (diltlazemj, 33286-22-5 (hydre
chloride}.

A white odourlcss crystalline powder with a bitter taste.
M.p. about 212“ with decomposition. Freely aotttbla in
water. chloroform, and methyl alcohol; slightly soluble
in dehydrated alcohol. Protect from light.
Diltiazem hydroebloride exists in 2 crywslline formx
cwiams aod elates.— K. Kohtm c1 al., Arzneimille/-
kO?S[h., 197i, 27, 1424.

Diltiazcm hydrochloride is a vswdilatot which has been
used in the management of anzina ucctoris.-.
Art/mat pharmacology studies of diltiazcm: D. Saito C(
al., Armreimi::el-Forsch., i 971. 27, 1669; Y. Ito ef af.,
Br J. Pharmac., 1978, 64, 503.

Caediae diswders. @fna pcctoris. Reference R.
Kuaukawa et al., Arznaimittel-Forsch . 1977, 27, 878; 1.
Naka yama, lns J. clin, Phormac. Biopharm.. 1979, /7.
410.

Hea?I J_atlure. The effect of dihizzcm hydrochloride on
sodium diurasis and renal function in chronic congestive
heart failure.— M. Kitaochita ●! al, Arzm?imifleL
Fwsch., 1!479.29.676.

HypogJycasm~ Diltiamm hydrochloride 44 mg given
intravenously over 2 hours to a woman with hypogly-
cemic attacks due m an insulinoma reduced insulin
aecrction for Ihc first 10 minutm but alao reduced the
btood-gtueoss eortccnmaticm A dose or 180 mg daily by
mouth for 15 days reduced the frqucncy O( attacks. —
H. Taniguchi et az[.(letter), Lartcrr, 1977, 2, 501.

Proprietary Nuraa
Herbeswr (Jap.); Masdil (Esreve, Spain/.

9226-1

Dipyridamole. RA 8. 2,2’,2’’,2’’’-[(4,8-
Dipiperidinopyri mido[5,4-dlpyrimidine- 2,6-
diyl)dinitlrilo] ~etraelhanol.
C2,HMNa04 = 504.6.

CAS — 58-32-2.

An odourleaa, intensel yellow, crystalline powder
with a bitter taste. ~olutions have a yeilowish-
blue fluorescence. .M.p. about 163°.
Very slightly sokabk in water,; soluble in chloro-
form, methyl alcohol, and ddrate acids; slightly
soluble in acetone: practically insoluble in ether
and light petroleum.

Adverse Effects. Gastric disturbances, diarrhaea.
headache, dizziness. faintness, and skin rash may
occur after administration of dipyridamole. Some
patients experience facial flushing and a bitter
taste after intravenous injection. Rapid intraven-
ous injection of dipyridamole may cause a lower-
ing of blocd pressure, especially in patients with
hypertension. Dipyridamole can also induce
angina in some patients.
Alopecia A 38-year-old woman with the haemolytic-
uracmic syndrome imtially treated with sfreptokinase
and hepsrin, was subaquenlly treated with aspirin 3 g
daily and dipyridamole 300 mg daily Alopecia during
trcstmcnt mighl have been due 10 dipyridamole.— J. A.
Utting and D. R. Shrccve, Br. med. J., 1973, 2, 591.

Eflccrs OR the hearx Comment on the role of dipyri-
damole in myocardial scintigraphy, including mention
that a rather uncxpccmd effect of distal coronary vaso-
dilators is angina, which may be reversed by glyceryl
trinitratc or, in severe cases aminophyllinc.— L.oncr(,
1980, 2, 1.346

Precautions. Dipyridamole should be given only
with care to patients with hypo!ension and should
no! be given to patients with hypotension folIow-
ing myocardial infarction.
Interactions. In 24 patients with glomcrulonephritis who
were stabilised on mther warfarin or phcnindione, dipyri-
damole in doses up to 400 mg daily did not affect
prothrombm activity It was recommended that when
dipyridamolc was used the prothrombin aclwi(y should

k‘ai”tai”da’‘he“T ‘d””f‘be‘hcrar”ti‘angem order 10 avo}d posw e blcedmg compheattons duc to
tbe slight anticoagulant activity of dipyridamole.— S.
Kalowski and P, Kincaid-Srnith, Med. J, AraJt., 1973, 2,
164,

Intsr’’erence with diagnostic tesrs.Serum from a patient
taking dipyridarnole gave very Ittgh readings when l@p
rotcms were being measured by ncphelomctry. DIpyri-
damolc imparts a yellowish-blue fluorcscemse to solu-
tions and curdd interfere in other laboratory tam invol-
ving fluorescence or nepbeIometry measurements.— K.
Wiener (letter), Lance/. 1981, 2.634.

Preguarcy ad [As nroaute A ywng woman with a
prcatbetic heart valve wc successfully managed
throughout pregnsncy with the aid of dipyridamole and
delivered a healthy infant.— R. Ahmad a al (letter),
Lace!, 1976, 2, 1414. S=s also Y. 8ia1c er al. (Icttcr).
.!.urtcel. 1977, 1.907.

Absorption and Fate Dipyridamole is readily
absorbed from the gastro-intestinal tract. It is
concentrated in the liver and is mainly excreted
in the faeces. Excretion may be delayed by reab
sorption. A small amount is excreted in the urine
as glucuronide.
For a study suggesting that blood-dipyridamole eorreen-
tratiema below 3.5 amrol per litrc may not be cffcctivc in
wppreasing platelet function, see under Cardiac Disud-
ers, below.

Uaea. Dipyridamole has antithrombotic activity
and is used in conditions where modification of
platelet function may be beneficial. For ~his
purpose the usual dose is 100 mg four times
daily before food increaced if necessary, to
600 mg daily.
[t has also been used as a vasodilator in the
long-term management of chronic angina pectoris
in usual doses of 50 mg thrice daily. It has also
been iven by slow intravenous injection in a

fdose o 10 to 20 mg twice or thrice daily.

,.terioe. Evidcncc to suggest that the zmithrombntic
activity of pboaphodiextcraae inhibitors, such as dipyri-
damoic, depend ,upon the activation of platelet adenyl ~.
clsse by ~entmtion of ettdogenou~ prsa.tacyclin.—
Moncada and R. Korbut, .hncet, 1978, [, 12a6. Com-
menla.–- D. F. Horrobin ef a/. (Icttcr), ibid., 2, 270: A
K Pedcruen (letter), ibid. h vitro studies pointing to an
cffact of dipyridacssde on prmraglandin metabolism in
platelets, which might provide ●n additional explanation
or its activity as an inhibitor of platelet ftmetion.— L.
C. Best QI td. (letter). ibid., 846. /n vitro testsindiea!ing
that inhibition of thrcirsboxane s~nthctaae @nnot explain
tbe antithrombotic effects of dlpyridansolc.— S. Mon-
cada er al. (Ieuer), ibid., 1257. Findin s indicating thal

!dipyri&mole has an inhibitory ef set on platele!
aggregation, dcpcrsdenf on albumin twt indc~ndent of
prostac cli. and thromboxane.— K. A. Jergcnscn and

4E. Sm ersen (letter). ibid., 1258. Data suggesting that
the most important meehaniam of action of dlpyridamote
might be enhancement of the effects of prcotacyclin.-
G. DI Minno ef a/. (letter), ibid.
[n a study involving [0 heallhy subjects dipyridamole
6 pg per kg body-weight pr minute, infused for 2
hours, induced an increass of proatacyclin release, pro-
bably by a direct effect on the metabolic pathways of
arachidonic acid.— G. Masotti et al. (Ictter), Lmccr,
1979, /, 1412. A study in 4 healthy subjecxs indicating
that dipyridamole ingestion appeared to diminizh rather
than enhance the effect of prostacyclin (and other pros-
taglandins) as platelet. aggregate inhibitors in human
platelet-rich plasma. Thsse findings do not sup~rt the
bypothcsis that the amithrombotic astion of dlpyridam-
OIC u csuscd by enhancement of platelet a~regate
inhibition by ‘circulating’ prmtacyclin.— G. DI Minno
er d. (letter), ibid. 1979. 2, 701. In 10 juveni!e-onset,
imulin-dcpcndem diiabctics, dipyridamole sigmiicantly
decreased their raised Iasnu eoncetwrations of &throm-kboglobulin without a cctmg metaLdlc control. This
mlgbt be based on enhancement or release of prostacy -
clin,— G, .%hernthsner et af. (lc~ter), ibid.. 746.

Cardi#c disorders. For the role of dipyridamolc in the
prcventton of myocardial infarction, see Aspirin, p.242.

Cardiac surgery. Dipyridamolc was considered to reduce
the incidence of tbrombo-embolic cptaodes during the
year following heart-valve replacement In a study in 70
patients, 27 were given dipyridamole 400 mg daily and
36 a placebo, starting 10 to 14 days after operation. All
patients received warfarin sodium, There were I I
thrombembolic episodes among the patients receiving
placebos but none among those continuously taking

.-7



for possible revisions

Precaution Prolonged we of antibiotic may promote
theovergmwthofno nauaceptibleorgeniame.If auperinfec-
tion omureduring therapy, appropriate meaaurea should be
taken.
PREGNAN~ pregnancyCategoryB.Reproductionetudiea
~r—- .mperformedinmiceandrateat dmea up to ten.-
tr - human dose end have revealed no evidence of im-
Pa- h,ility or harm to the fetue due ta cydadia. There
m-q however, no edequate aad welkontmlled studier in
p-t women. Secauae animal reproduction ctudiea CI
not elwaya predictive of humanrespanae,tbiadrugshouldt
acedduring pregnancy only if clearly needed.
NURSING MCYTHEIWIt ia not known whether thin drug
excreted ia human milk, Because many drugs are excrete
in human mifk, caution shouldbeexercieedwhencyclacilli
ixdainhtemd to a nursing womatr.
AdvaraeReectfoms Theoral edminiatrationofcyclacilli
ixgunerallywell-tolerated.
Axwithather penicilhna,untowardmactionxofthe eenaiti~
ity phenomenaCMUxelyto accur,particrcfdy in inditidt
ala who have prevfoualy demonstrated hy-pemeneitivity t
wrticillinc or in theaa with a biatory of effergy, aathma, k,
fever,or urticarie.
Thefolfowingedvemereactionehavebeenreportedwith tb
wc of cyciacillin:diarrhea fii approximately I out of 2) pe
tienta treated), aa~ end vomiting (in apprminrately 1 ti
50), and akin raah (in approximately 1 io 60). Isolated in
ctanct# of headsch~ dkineJM, abdOmimd pain, veginitie

and urhmtia have been reported. (See WARNINGS.)
Other Iesdrequent edveree reactione which may occur am
that have been reported during therapy with other penicil
Iinxare: enem& tfrrombocytopeaia,tbrombocytopenicpur
P- leukOpmi.%neutnwwria, and eoeinopbilia. l%aaereSC
tioae are uaualfy reversible on diemrrtiauationof thempy,
Aa with other eemiaynthetic perricillirq SGUT elevatiom
have been reported.
Doeege and AdrnidahtioIx
* table on premding page].
Aztientc with Renal Failure
Sexed on a dnaageof~ ragq.i.d.,thefolfowingadjuetrnerd
icIdOWW iu@~d k rwmnmended:

Patientewitha creatiie clearanceof > .3) rnUmin need
no dosage interval adjwtment.
P-“’ ..@ with a creatiniie clearance of 30-50 mllmin

receiveMl doeeaevery 12 houm.
is with a creatfnine clcaranca oi between 15-30

~hain ehouldreceivefull dweeevery 18hourw.
Petietrta with a creatinirte cfearance of between l&15
rol/mirr should receive full dcaea every 24 hourc.
In petienta with a crentinine clearance ofs 10 rallnria or

eerum Creatinirta Valuee of 2 10lug%,eemmCyclaciuin
levelc are recommendedto determine Lwtbeubeequent
d- md frequency.

How SuppUeek Cyclapect-W@ (cydacillirt) table~ are
avaifable in the following etrengtbK

254 mg, NIX 0006-W14, yellow capeuie.abaped emred
tablet embceacd with ‘WYETH” and “614”, supplied io
tmttlea of 100 tableta.
600 mg, NfX! o00a0615, yellow Capeubebaped ecored
tablet em- with “WYETW’ and “615”, eupplied in
bott.iee of 100 tablets.

The appearance of CycLapen-Wtableti ie a regietemd trade
mark of Wyeth Laboratories.
Keep Lrettleatiehtly cloeed. .
Dlepenae in tfght conteinem.

-pen-w (cyc~lirr) far oral euapenaion ie available in
the foflowing etrengtlu

125 MS pm 5 ~ ~ @308.05$J9,White to pinkish-white
powdereuppliedinbattfeatomake100,150,end200MIof
mepenaion.
250mgper5mI,NDC@M6.OWO,whitetepinkish-whita
powdereupplied in bot.tlee to make 100,150, and 200 ad of
suepenaion.

Shake well before ueing-Keep tightly efceecL
After reconstituting, ●e directed aerthe peckege label, atom
undw mfrigeretion. Diecerd any unueed portion afmr 14
deya
rtefeomnm
1. BAw A.W., KIRBY, W.M.M., SHERRE, J.C end
TURC!K, M.; AIWifiOtiC Tenting by a Starr
DiccMethad.Am.J.C3in.PatboL46:@3M&&%%!?l
D@ ‘wptibility Teat.PEDERALREG- 37 ~n.~.

2. MI Committee for Laboratory Standrrr& Ap
proved Standard-A Perforraaaca S@ndarda for Antimicm
bid Disc %aceptibiiity Teats,1S76.
3. ERKXJN, H w and SHERR& J.C Andbiti Semi
tivity Teeting ~rt of ~ ~~ (Hlatmradve
Study, A~& PathoL MicrobiaL _ Section BZ’1, 1S71.

Shaumin Product Ide@ktiort~~434

Product Information

CYCLOSPASMOL@
[Cfcfd‘qxw%61 ]
(Cyclwrdeleta)
Capaulee.lablete

Gmpc@tiom Each bJue aad red ca@e containe 400 mg.
cyclandelate, andeachblueqmde contains200mg. ofc
cfandelare.Each orungetilet conti 100MS.cyclanc
Me.
kcriptiom Cyclandeietek a whiteemorphoucpowd
havinga faintmenthol-like color.It is slightly eoluble in w
tar and highly ealuble in ethyl akmhol end organic eolvenl
3yclandelate bae the following ctructurai formula: 3,5,
rirnethylcyclohexyI maadelate.
ACMOU CYCLOSPASMOL ia m orally acting vaecdilatc
l’be activity of thie drug, ae meaaured by pharmaco logic
Ma agninat varioux @ea of emoath-muecle spaem pmdwx
)y acetylcholiae, ~% end barium chloride, excea
J@ of papwerine, particularly in regard to the rreumtrop
nmponent produced by, the ec+choline. Cyclandelate
nrwcuiouopi~ acting directly on vaacufar emmth mwl,
md be no eigniflcaat adrenergic etimulatirrg or blcckir
done.
%e drug ie not intended to eubatitnte for other apprapriw
nedical er surgical programe in the treatment of periphen
,r cerebral vaacular dieeaee.

Indicatiorte
Baaed on a review of thie drus by the National Academy
of Sciencee-NatiortaI fkaearch Councif aad/ar other
iuformetioa, FDA hax claaeifkd the indication cc fol-
lcnwx
‘TbW#’ effective CYCK)SPASMOL ie iadicatad for
adjunctive therapy in intermittent claudicatiom arte
ricecieroeic obtiteraax thrombaphlebitia (to control
e.mociated mmepaam end muecular iecbemiah ncctur-

ad kg crarnpe; Reyaaud’s phenomenon; end for s
lected caeee of iachemic cerebral vaecular dicers+.
Pined cfaetitication of the Ieee-thea+ffective indicetiout
requirve further investigation.

ontmindicatiorm CYCUXPASMOLie contraindicaw
I_ of known lrypereenaitivity Cothe drug.
‘w l..C@mdelate should be 4 with e~mt
mtlon m ptlente with eevere atditere.tive comoary artq
. cerabml-veecuk dkeaae, since there ix a poenibility tha

wee dieeamd areJM may tm mmprorniaad by vmodilecoq
ktac4tbe drug elsewhere 2. IJn In Pregna~ The eafeb
‘cyclandelete for uae during pregnancy or lactation bee na
mueateblichd therefore, it should not be wed in pregnan
Dmertor in women ofcbiW&iug ageUnla inthejudg
ant af the phyeician, ite uae ic deemed abecdutely eseerrtia
the welfare of the patien~ 3. Although no pmlorrgation 01

aadhg time baa been demmwtrated in bumacta in them
!utic dmagca, it hrw been &mOnetrated in animale at vely
rga * Therefore, the barard of a pmlongcd bleeding
me ahmdd be carefulfy cataidared when dmir&,er@
clandelata te a patient with accive bleeding or a bleeding
n&nq.
rece~r@ Siice CYCLOSPASMOL (cycbmdelate) ia 8

@aMater, it ehouId be used with caution in patiente having
nucome.
dvane %emctiomx Gaetrointeetiad diatme (pyrwia. pain,
Id enxmtion) may occur with CYCLOSPASMOL l%-
m- omur ~uen~y and m-e usually mikL Relief
n oftan be obtained by taking the medication with med.v or
the concomitant w of arttacidh

ild flrmiAheadecb%feelingofweekn~ ortachycardia
MYcurer,eawcMy duringthe6retweekeofadminkra-
m.
reageendArr.“” atiom.Itu oftenadvaa~ue t.
idatetherapyathigherdoeage;e.g.:1.21B1600MS.per
Y.- ixIdifided~ beforemeebandat bedtime.
hen a clinical reapanee ie noted, the dceage can be de-
- inXOmg.decrements until the maintenance dceage
reacbd The usual -tenence dmege of CYCI.OSPA,S
3L (cyciaaddate)iebetween4C0and300MS.perday
ranintwotofour divided dceae.
though objective signs aftberapeutic benefit maybe rapid
d dramatic. more often, thin improvement Oomre gradu-
y aver weeks of therapy. It ia tingly recommended that
?patient reeducated te ttm fact that prelonged Uaemay k
~. sbo~term u= of CWXXPASMOLie Mrdy
mekicral,nor ie it likely to be of any permanent vahm

OW Sq@ied 400 MS. blueandredcapsuleainbottlesof
D,andXIQandClinipak@,Unit Daae Medicatiaa, 100
- @ s=@@of 5). 2WJrug. blue capmke in bettlee of
IO,500. and l(JYJ and Clinipak@, Unit Dme Medirauon,
10cePalea(!&)atriP of5~100qoq M&Mhk~

lm end ECCl.

brxtmre Availalk YET.
[Cir. 30162 7/14/60]

.%cxDrtinPmdwtf&t@cdm SectiokPO&r411
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DIPHTHERIA AND TETANUS B
Toxolos
[dif.the$-e-ahand tet‘ah-nw tok‘saida]
ADSORBED (PEDIATRIC)
eluminum phoephate adaorbed,

ULTRAFINED@

Deacriptiocu Antigeneadaorbedon aluminum phmqhce.
Preservative in 0.01% thimermal (mercury derivative.
How Suppfi.etb VIala of 5 ml.; aad 0.5-mLTuaax@ Sterile
Certridge-Naedle Units, packegae of 10.
Ferpmactib@ information write to Pmfeseioncti SeruiLZ Wy
eth L.dwmcoriq Box 62S9, Philadelphia PA 19101,w mn-

tact your led Wyethmpmeentatiw

EQUAGESIC@J
[eh “uw-je ‘zik ]

c?B

(mepmbamate with aapirin)

Daecrfptiom Each tablet of Equageaic contairte ~ mg
mepmbamate end 325 mg aapirin.
Actiorux Mepmbamate ia a carbamate derivative which
hae been sbawa (in animal end/or human studies) to have
eff- at multiple sites in the central nervoue -m. in-
cluding the thalemua end Iirnbic ayetem.
Aepirin, acetyiaalicylic acid. ie a nonnarcoticanalgesicwith
antipyretic and antiinfhmmatory pmpertiea.
Indfcationm Ae an adjunct in the ehort-terar trentment of
pain accompanied by tension arrd/or anxiety in patienca with
maaculoekeletai diaenae. ~icai trick have demrmerrated
that in theee eituatioaa relief of pain ie eomewhat greater

than with aepirin alone.

The effectiveneea of Equageaic in long-term wee,that ia. more

than 4 monthe. hae not been aaaemed by eyetematic clinhl
etudiee. The phyeicim should @odically reaaeeaa the ace
fulneee of the drug for the individual patient.
Contrairteiicetiom:
ASPIRIN:
Allergicor idimyncretic reactione to aapirirr or relawd mm-
pOun&.
MEPROBAMATE:
Acu@ intermittent parphyrie end aIlergic or idioeyrmretic
re+iotlc to meprabemate or ralati mmpo~da, euch ss
~ProdoL mebutaarate, or carbmmai.
Warmtnglu
ASPIRIN
Salicyla@a ahoufd be wed with extreme caution in pxienta
with peptic ulcer, aethma coagulation abnormalities, hypo
pmthrombinemia, vitamin K deficiency, or in those on anti-
megulent therapy.
In rare irratencea, the uae of aspirin in persona alfergic to
ealicylatea may rcauit in Ii&threatening alfergic episodes,
MEPROBAMATE
DRUG DBPENDEN~ Phyaiccd dependence, psycholr@cal
dependence, and abwe have occurred. Chranic intoxication
from pmlongexf irtgcation of, usually, greater-than-mcam-
mended daare ia manifested by ataxia, slurred speech, aad
vertigo. Therefore, careful euperviaion of dose and emounte
prescribed is adviaed, cc well an avaidance of pmloaged ad-
rniniatration, especially for almholica and other ptienta
with a known pmpeaei~ for kkirrg exceaaive quantities of
drum.—--
Sudden withdrawal of the drug etter prolonged and ewes
sive we may precipitate recurrence af preexisting ayarptonra
crcchcc anxiety, anore~ or ineocnnia, or withdrawal reac- .;
tiona such ae vmnitirrg. ataxia. tremore, muscle Ma, :
mnfuaional atatee, hallucinoeia, aad, rardy, mnvuleive eei-
cures. Such eeiaurea em more Iikely tmcccur in pereane with ‘/
central-nervoue-eyatem damage or preexistent or Intent cOn- “1
vuleive diaordem. Oneet of withdrawal symptome mzura
dy within 12 to 4S hours after discontinuation of mepm :
b&UUat4xCyrnptonwusually ceeee witbin the next 1% ta 4S. [
heur pericd.
when ercemive dosagebaamntinued for weeka or months, ,,
dmage should be reduced gradually over a period of 1 to 2 ,
weeke mther than abruptly *p@ Alternatively, a abofi
acting barbiturate may be eu~ttuted, then gradually with- ;
draw-a.
WIXWHULY HAZARDOUS TASKS: Patienta should be ;
warned that mepmbamate may impair the mental or phywi-
cai abilitiee required for performance of pat,snt.ially hamrd-
oua taake, euch ee driving or operating machinery.
ADDITfYE EFFECIS Siice CPW-euppresaant effecra of

Iepmbamate and abmbol or meprobamate andother py.
hotmpic drugEmay be additive, appropriate caution ahauld
e exercised with patienta who take mom t~ one of&=

igentx simultaaeaualy.
USAGE IN PREGNANCY

AND LACTATION
An incmeaed risk of congenital malformations aaeacieted
with the uee of minor ~nqui~= (nreprobamam, ~~~.
Wxido, and diezepem) during the fht trimeeter Ofpmg.
wmcyhas been suggeered in eeveml studie Serxuee uee of
:heee dmge u mrely ● metrer of urgency, their uee during

Continued on nexr ~ ;

[



for possible revisions
r ..~J---

Product Information

Pmcmttiom pmiO~ uaeof mtiM* may prom
the Wergrawrit of rloneuam ptible o)-e If euperinfe
don occun during therapy, appropriatemeaeum shouldI
CakaoL

J&GNANcY: pregnencyMeirJry B. Repmducdon atudi
‘a been performed in mice andmt. atdaeeauptoce

“s the h= dcseendhaverewalednoeviden~ofb
.A fertiiityorharmtothefetuaduetocycladh. Tbm
are. howewr, no adequ~ ~d WaU-ntmlled studiee i
p~t women. km.ve animal repruiuctimr SW&S ~
nOtadWa~ predictive of human ~me?, this dmg ShOdd h
used during pregnancy only if dearly needed-
.NURSING Mf)THIXk It ie not known whether this drug,
eacmtad inhumacr milkkauaema nydmgaare excrete
in human milk. taution should be eaerciaad when cycldli
ieaddnima mdtoanumimgwomart.
Adveree I&clctfoztK The Oraf~ ’00efcycldli
ia generally welhtoleratad.
.* with other peniciUir4 untoward rvawtionaof the eenaiti
itypbenomemaam likely to axur. pwdculdy i. idividt
ale who have previouslydemoasrratadhypercenaitivityt
penidlinaor fothmewitb ahiarorydallergy,aathma,hq
femr, or urriceria.
The fallowing adverse reactiona hen been rqord with th

w of tycledim diarrhea (iiY appmaimataly I out of ’20 pe

tienbr &eaki), nmuw-a and vomiting CmappMrimately 1 u
50), end ah raah (io appmxirnataly 1 in W). Ieoieted in
atence4 of headade, dkineam abdominal pain. vagtnitie
and urttcarie have been reparwd. (See WARNINGS.)
Other Iese-frequent advemw reactione which may oamr am
that have been rqmrted during tierapy with other penid

Una are anemia. t.hromtmcytogenia thromhocvtooenic uur

..’.
hone am ueually mvemibleon diacoratinhtionof therapy.
ti with other semiaynthetic penitiUiaa,SGOTelevatiom
hn’vebawl reported.
Doeage and Abiuiatmdon:
&e tile 0. pmmdingpage].
I%tierrtawithRed Failure
Beaedona dmage af S33 mS q.i.d.. the GdIowingadjuarmem
b _ int-ervd is mcammended

Patienw with acreatinine clearance of> 50 ml/min need
no daeaga intarvel ad juatmertr.

–—tienta w%b a crentiniae ckrarKwof3050 mumin
mld receive fuU daeea every IZ haura.

. atiente with a creednine d~ of between 154C
mlfmin should re@ve full d= every 18 houre.
Petiertrawitha creatinineclearecmeofbetweenltL15
mllminehouldrecwiveMl doeeaevery24baura.
InpetienuwithacreatiainectearanceOfs loud/mioal
~treecirline valueeof210mg%, aertrmcyckdin

bale are recommended b derarmicre both mbeqaent
dmage and frequency.

How Supplled Cyclapen-W@ (@aciIUn) tableta are
available in the following atren.gt&

‘2S) rag, .NDC 001B0614, yeUOw capde-shaped d
LaMetemb93aedwith‘~ and“614”, SUpp!id in
battlee of lW tahleta
~ nag, NDC OIXM-0615, yellow capule.ebped word
tilet emhased with ‘WYETH” and “615”, suppliedin
bortleeor-KNlhbleta

Theapp3eraoosof Cyclapert-W tiletx ie a registered tra&
mark ofWyeth IAbOmmrk.
Keeo bamfee dghtiv ck6ed.
Diafmree in tight aonmhmea.
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(meprobamats with aapirin)

-o= ~h tilet of @JIWaaiC mnraine zoo mg
meprobenwe aad 335 mg aapirin.
Acdo~ Meprobamare ie a carbemere derivative which
has been ehawn (in animal and/or human atudjee) to ~Ve
effecm at multiple eit4e in the central nervous qatem, in.
eluding the tb.alamurt and Umbic ayerem.
.AWti ~ty~cy~ d h a nonnarcotic analgesic mth
antipyraeitand entr rory Prapernea.
fndimtioim Aaan adjunct in the shofiterm treatment of
pin ecmmpanied by tvnaion and/or anxiety in patients with
mumdoekeletel diaenae. CUnical trials have demonstrated
tit in these aituatione relief of pain ie aomewhac greater
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The e&tiveneaa of Equegwic in long-term use. chat ia. more
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fuln- of the drug fortheindividual patient
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NytMrkt Hydrnskiorfsk Tabkts (fJ..S P.). Tablets comain-
ing bupheninr hydr~hloride. Store io airtight contain-
ers,

ProprietaryNmves
Arlibide (LW Vftmnb!. Arg,); Arlidin (USV, Canad,,
US V Phurnmmwtical Corp., USAj, Bufcdon {Cedono,
NcIA.); Dilatol (Tropaa, Grr.); Dilydrin (Medictrrmic,
Switz.): Opirw (Bayropharm, ltal.1: Penirardon IWoelm,
Ger.); Pervadil (ICI%’, Carmd.), Tceodrin (Medickrie.
Swifz./.

Bupheninc hydrochloride was formerly marketed in
Greet Britain under the proprietary name Pcrdi[aial
Forte (Smith & Nephew Pharmaceuticals).

9215-s

Butalamirte HydrocMoride. LA 1221, N.N-Dibutyl-
N’-(3-phenyl- 1,2,4-osadiazol- 5-yl)ethylenediamine hydr+
chloride.
C H N O HCI=3S2.9.Is]n. ,

CAS — 22131 -15-7 (butaiamine); 36974-46-O (hydr~
chloride).

A white crystalline powder. M.p, 135° to 1410. SotUbke
I in 7 O( water, I in 10 of alcohol, and 1 in 2,S of
chloroform.

Butalamine hydrochloride is a vasodilator which has
been given in tbc treatment of pcripberal vascular dis-
orders.

I%a@etary Names
Adrevil (Zyma, Cm.); Hemmropc (Afrdronraco, Arg.);
Surcm (CEPA, Spoin); Surheme (Aron, Fr.; Span.w,
Ital.).

9216-w

Btatoxyetbyl Nlcotiamte. 2-Butoxycthylnieo;inate,
C, ZH,,N03-223.3.

CAS — 13912-8t16.

Butoxyethyl nicotinate is a topical vasodilator uasd, in a
concentration of2.5%, in rubsfaciertl ointments.

Propictary Prepardmts

See under Methyl Nicotinate. p 1626..

9217-c

Cetk+i Chrate. 2-( Pcrhydroazepin- 1.yl)cthyl a.cyc[o-
bcx yl-a-( 3-thienyl)acetate dihydrogen citrate mono-
hydrate.
C20H,, N02S,C6H,0,.H20 =559.7,

CAS — 14176-IG4 (cctiedil); 16286-59-4 (citrate.
onhydrous).

Ceticdil .xrate is a vasodilator which has Lxxn given in
Ihc treatment of ~ipheral vascular disorders

After intravenous injection of radioactively Iabsllcd
cetiedil, 50% of the dose was metabolised within 5
minutes, and after 1 hour only Iabeiled metaboiites were
recovered from the urine. Cetiedil was also shown to br
rapidly metabolised after administration by mouth, and
after first pass through the liver only mctabalites would
enter the general circulation [[ was concluded that {he
metatmlites of utiedil were active as inhibition of mliva
secre! ion pcrsiated when ceticdil could no longer bc
detected in plasma.— A M. Soetcrboek d al., Eur. J.
clin, Pharmac., 1977, 12, 205.

Astkm& References to bronchndilator activity of cctiedil
citrate: J. Orchek ?r al., A’ouv Pressc m&i , 1976, 5,
1577; Y. W, Cho et al., [m. J. clin Pharmac Bi~
phorm . 1978, 16, 402.

Ptripheml vmcular disorderr. An evaluation of cetiedil.
administered intravmrwsly, intramuscularly, Or by
mouth. in the trcatmen[ of pm hcral vascular disord-

rers.— R. Barbc er d, C/in. Trio s J., 1980, /7, 20,

Proprletsry Names
Slra!enc (Innothira, Fr : Sigmarau, ital.).

921f3-I

Clsromoner Hydrochloride. CarbocromenHydro-
chloride; A27053; AG 3; CaaaeOa4489 Ethyl 3-(2-die-
thylaminoetbyl)-4-mcthykottmarm-7-yloxyacetatc hydr-

CNHZ7NO:.HCI=397.9

CAS — 804-10-4 (chromonar): 65S-35-6 fhydro-
chloridt).

A white crystalline powder with a bitter tasm. M.p.
abwl 159”. Solwbte in water, alcohol. and chloroform.

Chronronar hydrochloride is a vasodilator which has
been uted in the prophylaxk of angina psctori$.
For reports of pbarmaeological studies, 9ee R. E. Nitz
rind E. Potmeh, Arzneimittel-Forsch.. 1%3, 13, 24); W.
Lochncr and H. Hirche, ibid., 251; H. J. Bretaehrrcader
a al., ibid., 255.

Absorption, blood concentrations, and excretion of chre
monar.— Y, C. Martin and R. -G. Wicgand, J. pharm.
sd., 1970,59, I 313.

Cardiac dirurders A mukieentre double-blind crmscwer
study of 187 patients with angina psetoris who received
cbromonar for 8 weeks (79 patients) or 12 waeks (108
ps!icnts) at a dosage of 150 mg thrice daily (73
patients) or 225 mg thrice dai[y (1 !4 patients) derrron-
stratcd significant prevention of angina! attacks by the
lower dose, and improvement in snack-rate and glyceryl
[rinitrate requirement by the higher dose although the
higher doss failed to show any advantage over placebo
when the glyecryl trinitrate requirement wms considered
alone.— R. J. Bing e! al., Clirt. Pharmac, Ther., 1974.
16, 4. Sce also H. Beller af., ibid, 1968, 9, 40.
Further references: G. Faucon et al., Th.+apie, 1975,
JO, 185; E. Sehravcrs, Arzrrei?rtitttl-Forsch., 1976, 26,
197; E. Schraven ei al, ibid.. 2(X3;R. Sirbulescu cf al.,
ibd. 204; N. N. Kipsidze and G M. Kikava, ibid.,
1976, 26.882.

Propsfetmy Namss
Atrtiangor (lSM. /ral.); Catdincap (Fidia, lfo/.):
Cromcne (Scharper, ltrrl.); lmcnsain (Comell*Ricdcl,
Belg.; Diamant, Fr.; Casstlla-Rjede[, Grr.; Pierrel. [(al.;
lap. $cehringer .43anrrheim, S.AJr.; Al&rt-Farrrkr,
Spoiq Casseila-RitdeL Switz ); Intmrsacrom (Albert-
Forma. Spoin).

9219-y

ChtepazetMaleate. Cincpazic Acid Ethyl Ester
Maleatc. Ethyl 4-(3,4,5 -trimethoxycinnanroyl) piper-
azin- I-ylaeetatc hydrogen mal,eate.
CIOHZ,N>0,,C,H404- 508,5.

CAS — 2388741-4 (cinrpazet); 50rJ79~7-7 (malt-ate}.

A whjte powder, M.p, 130”,

Cinepazct malcale k a vmodilator which has been used
in the trea!mem of angina peaoris.

Absorption and fate of cinepazet in man Most of a dose
given by mouth was eliminated within 24 hours, 60%
being excreted in the urine. The major metabolic was
citrepazic acid .— L. F Chasxaud el a/.. Arzneinrif.
lrl-Forsch., 1972, 22, 2003

PrrtprhryNmrvs
Vascoril {Deialartde, Belg.; Delalartdc, Fr.; Oelalande,

Ital.; Dela[ande, Switz.),

9220-g

Chvepazide Makate. I-(pyrrolidin-l-ylcarhonylmc-
tbyl).4.(3,4,5-trimcthoxycinnamoyl)pipcrar.ine hydrogen
malcate.
C22HIINX3$,C,H40, -S33.6

CAS — 23887-46-9 (cinepazlde): 26328-04-/ (maleak-).

Cincpuzide malr.atc is a vasodilator which has been
given in Wnphcral and cerebral vascular disorders and
in coronary insufficiency
Pharmacology in , malr — B Pourrias et al,. Thir-
apie. 1974. 29, 2’?and 43.

Pmpdetary Names
Vawxtistal (De/alande. Fr ; De/o/ondt. Ital.; Dela[ande,
.%,irz,J

9221q

Clsvaidarol. Cloben(urol. a-( Benzofuratt-2-yl )-u-(4-
chlorophenyl)mcthanoL
C,5HI,C101-258.7.

CAS — 3611-72-1.

A white cdourlcss crysmlline powder. M,p. about 48”.

Clorirtarol has been given in the prevention and wcat-
mem oicorm-my irrsuffieiency.

Prm@tmy Ns=
Cordium (hia$sone, Arg.); Mcnacor (Mrnarf?d. [rat.);
Mcnoxicor (JZcmird, Spain).

9222-p

.Q!%%XZ%at?’-Tri”
C17H2403=276.4.

CAS — 456-59-7.

A white to off-white amorphous powder with a
slight menthol-like odour and a bitter taatc. M.p.
below 60”. On storage it may sublime into a
crystalline form resembling cotton wool.
Practically istaohrbk in water soluble 1 in about
I of aienhol and 1 in about 2 of light petroleum;
very soluble in ether and other common organic
solvents. Store in a cool place in airtight cmrtain-
ers. Protect from 1ight.

Adverse Effects. Nausea, gastro-intestinal dis-
tress, or flushing may follow high doses of
cyclandelate.
Other adverse effects repated include tingling
and headache.
Toxici[y of cyclandelate was low, though with large
doses there might be flushing, tingling, nausea, or
headache.— T. Winsor and C. Hyrnan, CIin. Pharmoc.
Thcr., 1961, 2. 6S2.

Treetrtaentof AdverseEffceta.In severe over-
dosage the stomach should be emptied by aspira-
tion and lavage. 1f necessar

?’
the circulation

should be maintained with m uslons of suitable
electrol ytcs, and if ncxxsary by vasoprcs.sm-a.

Preemttkms. Cyclandelatc is contra-indicated in
the acute phase of a eerebrovascular accident.

Uses. Cyclandelate is a vasodilator usdr~nht$j
treatment of ecrebrovascuiar and
vascular disorders. It is given in a %;. of
1.6 g daily in divided dosas.

Actioa Animal studies into the mode of action O(
cyclarrdelate: A. B, H. Funcke el al., Curr. med. Rcs.
0 irdon, 1974. 2, 37 (brain glueosc uptake); G. van
~H, Cum. med. Rrw. Opinion, ,974,2,211 (collateral
vessel formation),

Cerc6rove.rev/ar disease. Several double-blind studies of
cyclandelatc have shown improvement in orientation,
disturbed behaviour, and vocabulary without improve-
ment in self-care. recent memory. or mood. Neverthe-
1ss, the overall results are Inconsistent, and improve-
ments in clinical and psychological tests arc not always
ma!chcd by useful changes in the activities of daily liv-
ing.— Br. med J., 1978, 2, 348, see also Drug & Ther,
Bull.. 1975, /3, 85. Further reviews: Med. Left 1976,
18, 38; P. Cmk and 1. James, New Engl. J Med.. 1981.
305, 1508 and 1560.
individual reports and sludies on the role of cyclandelale
in ccrebrovascular disca~ J, Young cr al . 8? J Psy-
chiar., 1974. 124. 177, P Hall, J. Am. Geriaf. Ser..
1976, 24, 41; G Davies CI al., Age and Ageing, 1977, 6,
156, D. B. Rao et al., J. Am Geriat Sac., 1977, 25,
548; R. Brasseur, Angioiogp, 1978, 29. 121: B. Capote
and ?4. Pardch, J. Am Ge?iaf. SCM-.,1978, 26, 360; G.
F. A Harding et al., An@’o/o y, 197S, 29, 139; L. Sour.

%andcr and C. B. Blakcmorc, I td., 133.

Diabetic retinopathy. In a double-blind randomised
study deterioration of the blood.retinal barrier was
asr.csscd in 22 diabetic patients. without retinal involve-
ment, by vitreous fluoropbotometry after the injection of
fluoresccin. [t was considered that deterioration O( the
blood-retinal barrier, an early sign of diabstic retino~-
!hy, was delayed in the third month in them patients
given cyclandelate 400 mg four times daily for 3
months. Long-term studies were considered to bc mdi.
cated.— J G. Cunha-Vaz et al , Br. J. Ophthal . 1977,

_-



..—
=



CYCLANDELATE

Charles M. Shearer

Wyeth-Ayerst Research

Rouses Point, NY 12979

!



150 CHARLES M, SHEARER

1. Description
1.1 Name, Formula, Molecular Weight
1.2 Appearance, Color and Odor

2. Synthesis
3. Physical Properties

3.1 Nuclear Magnetic Resonance Spectra
3.2 Infrared Spectrum
3.3 Ultraviolet Spectrum
3.4 Mass Spectrum
3.5 Melting Point
3.6 Differential Scanning Calorimetry
3.7 Volubility
3.8 Crystal Properties

4. Stability and Degradation
5. Metabolism
6. Analysis

6.1 Elemental Analysis
6.2 Ultraviolet Spectrophotometry
6.3 Titrimetry
6.4 Gas Chromatography
6.5 High-Performance Liquid Chromatography
6.6 Thin Layer Chromatography

7. Identity
8. References

CYCLANDELATE

)
151

1. Descri~tion
1.1 Name, Formula, Molecular Weiqht

The name used by Chemical Abstracts for
cyclandelate is a-hydroxybenzeneacetic acid, 3,3,5-
trimethylcycl ohexyl ester, It is also called mandelic acid,
3,3,5-trimethylcyclohexyl ester; 3,3,5-trimethylcyclohexyl
mandelate; 3,3,5-trimethylcyclohexyl amygdalate; and 3,3,5-
trimethylcyclohexanol cr-phenyl-a-hydroxyacetate Trade names
include, Cyclospasmol, Natil, Novodil, Perebral, and
Spasmocyclon (l). The Chemical Abstracts number is 456-59-7.

1.2 A~~earance, Color and Odor
Cyclandelate is a white to off-white amorphous

powder with a slight menthol-like odor.
7

OH CH2

c17H2403 M. W. 276.36

2. Synthesis
Trimethylcyclohexyl mandelate was first synthesized by

reacting ~-m~ndeli c-acid with 3,3,5-trimeth~lcycl ohexan~l
(consisting ofcis and trans isomers) (2,3,4). Cyclandelate
is now synthesized using only the low melting (cis) isomer of
3,3,5-trimethylcyclohexanol (5,6). Esters ofmandelic acid
with the higher melting 3,3,5-trimethyl cyclohexanol are twice
as toxic as those made with the low melting isomer (7). The
major side reaction product, trimethyl cyclohexylphenyl
glyoxalate, can be removed during the synthesis by treating
the crude cyclandelate with aqueous sodium borohydride (8) or
zinc and hydrochloric acid (9).

This synthesis, using only the cis isomer, results in
four isomers as described in the next section.
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I 54 CHARLES M. SHEARER CYC[.ANDELA”rE

3. Phvsical Properties
3.1 Nuclear Mametic Resonance Soectra

The four isomers which make up cyclandelate arise
in the synthesis from the reaction of a-mandelic acid with
~-3,3,5-trimethylcyclohexanol and are described in Table I
(taken from Nakamichi (10)).

Table 1
Isomers of Cyclandelate

Absolute configuration Absolute configuration
Isomer of mandelic acid moietya of cyclohexanol moiety

Position 1 Position 5

A
B
c
D

-----------
a) The c.Yc’

s R R
R s s
R R R
s s s

------------------- ----- ----- ----- ----- ------- ---
ohexanol moieties of A,C and B,D are levorotatory

and dextr~rotatory, respectively (11). The absolute
configuration of (-)-@-3,3,5-trimethyl cyclohexanol is
assigned as R on the basis of its chemical correlation with
pulegone (12).

The proton NMR sample (Wyeth-Ayerst Reference Standard No.
1361) was dissolved in deuterated chloroform containing
tetramethylsilane as an internal standard. The spectrum was
obtained (13) on a 400 MHz Bruker spectrometer and is
presented as Figure 1. The spectral assignments are listed
in Table II. The C-13 NMR sample was also prepared in
deuterated chloroform and its spectrum obtained (13) on a
100 MHz Varian spectrometer. The spectrum is presented as
Figure 2 and the spectral assignments are listed in
Table III. The spectra are in agreement with those of
Nakamachi (10).

3.2 Infrared SDectrum
The infrared spectrum of a KBr pellet of

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361) was
obtained (14) on a Nicolet 20 DX instrument and is presented
as Figure 3. The spectral band assignments are given in
Table IV.

~
4000 2000

I
1500 1000 500

Wavenumber (cm–l)

Figure 3 - Infrared Spectrum of Cyclandelate
(Wyeth-Ayerst Reference Standard No.
1361) KBr pellet
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Table II
Proton NMR Sr)ectralAssignments of Cvclandelate

Chemical Shift Number of Assignment
$p~m from TMS) Protons

5 Aromatic Clj
5:10 d 1 U-C-OH
4.95 m 1 H-c-oc
3.47 exchangeable 1 ~-o
2.1 - 0.6 17 Aliphatic CH, CE , C~3

0.94 s gem C1-13 (AB psi?)
0.88 s gem Ctj3 (CD pair)
0.84 d (J = 6) HC-C~3 (AB pair)
0.91 d (J = 6) HC-Cti3 (CD pair)

Table III
Carbon-13NMR S~ectral Assignments for Cyclandelate

Carbon ppm

73.3
; 43.7 (AB) 43.2 (CD)
3 32.2 (AB) 32.1 (CD)
4 47.3

27.0 (AB) 26.9 (CD)
; 39.7 (AB) 40.1 (CD)
7 32.9 (AB) 32.8 (CD)
8 25.4 (AB) 25.3 (CD)
9 22.0 (AB) 22.1 (CD)
1 173.1
2 72.8
1 138.6
2, 6 126.3
3, 5 128.4
4 128.1

Table IV
Infrared S~ectral Assignments for Cyclandelate

Wavenumber (Cm-l) Vibration Mode

3460 OH stretch
3100 - 2800 CH stretch
1730 C=O stretch
1212, 1192 C-O-C stretch
730, 695 out-of-plane bending of

monosubstituted aromatic

CYCL.ANDELATE 157

3.3 Ultraviolet Spectrum
The ultraviolet spectrum of cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361 recrystallized to remove
0.1% 3,3,5-trimethylcyclohexyl phenylglyoxalate) in USP
ethanol is presented as Figure 4. The absorptivities are as
follows:

A max(nm)
269 0:57 1:75
258 0.73 2020
251 0.59 1630

3.4 Mass Spectrum
The mass spectrum of cyclandelate was obtained (15)

by electron impact ionization using a Finnegan MAT 8230
spectrometer and is given as Figure 5. Identification of the
pertinent masses is presented in Table V.

Table V
Mass Sc)ectrum Fragmentation Pattern of Cyclandelate

m/e Species

276 M+

125
C9H17+

107 c6H5cHoH+

83 CH2CHCH2C(CH3)2+

79 C6H5+

69 CH2CHCH2CHCH3+

55 (CH3)CCH2+

3.5 Meltinq Ranqe
Observed (16) melting range (USP Ia) for

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361) is
55.0” - 56.5”C.



m

I 5X

0.9 -

0.8-

0,7-

0.6-

u
u
z o.5-

Z

E

: 0.4-

0.3-

0.2-

0.1-

CHARLES M. SHEARER

0.0 I ! r t
240

(
250 260 270

1
28o 290

WAVELENGTH (wI,)
300

Figure 4 - Ultraviolet Spectrum of
(Wyeth-Ayerst Reference
1361) in USP alcohol

Cyclandelate
Standard No.

11

,)

‘OOr—————
90

80 [

20

Ill

o

CYCL.ANEJUATE

I!,ll

,)
I59

50 100 150 200 250
mle

Figure 5 - Mass Spectrum of Cyclandelate
(Wyeth-Ayerst Reference Standard No.
1361)



160 CHARLESM.SHEARER

3.6 Differential Scanninq Calorimetry
The DSC thermogram (14) for cyclandelate (Wyeth-

Ayerst Reference Standard No. 1361) is presented as Figure 6.
The thermogram was obtained at a heating rate of 10°C/minute
in a nitrogen atmosphere utilizing a Perkin-Elmer DSC-2. The
thermogram exhibits no endotherm or exotherms other than
that associated with the melt.

3.7 Volubility
The following solubities at room temperature have

been observed (16).

USP Classifications:
Solvent
Water
Methanol
Acetonitrile
Ethyl acetate
Dimethylformamide
Toluene
Chloroform

Volubility
insouble
very soluble
freely soluble
freely soluble
freely soluble
freely soluble
very soluble

3.8 Crvstal Pro~erties
The X-ray powder diffraction pattern of

cyclandelate (Wyeth-Ayerst Reference Standard No. 1361)
obtained (14) with a Phillips diffractometer using copper Ka
radiation is presented as Figure 7. The calculated “d”
spacings are given in Table VI.

m:
19.04
11.72
9.55
7.80
7.34
6.77
6.11
5.59
5.27
4.97

Table VI
X-Ray Diffraction Pattern

100
4

4:
34
15
21
13
9

71

4.72
4.56
4.42
3.99
3.90
3.85
3.77
3.71
3.57
9 KK

69
11
14
32

;:
17
15
8
n

CYCLANDELATE

l{!

)
161

I

r —

I I I

20 40 60 80 100 120

Temperature (C)

Figure 6 - Differential Scanning Calorimetric
Thermogram of Cyclandelate (Wyeth-Ayerst
Reference Standard No. 1361)
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ABSTRACT:
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SUBJECTS:

Effect of cyclospasmol on early diabetic retinopathy.

Mota MC; Leite E; Russ MA; Verjans HL; Blakemore CB; Cunha-Vaz JG

Int Ophthalmol 1987 Feb;10(l):3-9

87164769

A randomized, double-blind, placebo controlled study to investigate the
long-term effect of Cyclospasmol (cyclandelate) on the abnormal
permeability of the blood-retinal barrier was performed in 26 patients with
insulin-dependent diabetes mellitus for at least 1 year and minimal
retinopathy. Cyclospasmol 400 mg or placebo capsules were taken 4 times
daily for 12 months by equal numbers in both groups. Each patient
underwent a routine ophthalmoscopic examination, retinal fluorescein
angiography and quantitative vitreous fluorophotometry to assess the
permeability of the blood-retinal barrier just before the trial and following
6 and 12 months of therapy. Laboratory tests for determining blood and
urine glucose levels and blood HbA1-levels were also carried out at these
assessments. Statistically significant changes in diabetic control, in
HbA1-levels or in the frequency of retinal microaneurysms could not be
shown in either treatment group during the trial, nor were there any
significant differences in these parameters between the two groups.
Analysis of fluorophotometric data on fluorescein penetration into the left
posterior vitreous demonstrated significant reductions in this parameter
during the trial compared to the pretreatment level in Cyclospasmol
treated diabetics. These changes in the pretreatment level after 6 and 12
months also differed significantly between the two groups. However, this
statistically significant beneficial reduction in fluorescein penetration into
the left posterior vitreous did not occur in the right eye in the Cyclospasmol
group. In placebo treated patients a consistently deleterious trend for this
parameter was observed for both eyes during the one year
study.(ABSTRACT TRUNCATED AT 250 WORDS)

Blood-Retinal Barrier/*DRUG EFFECTS
Cyclandelate/*THERAPEUTIC USE
Diabetic Retinopathy/*DRUG THERAPY
Mandelic Acids/* THERAPEUTIC USE

1 of2 5)6198 11:53AM



http:i/130.14.32.47/cgi... M-client? l5839+detail+l

ADDITIONAL
MESH

_——._
SUBJECTS:

PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

Adolescence
Adult
Clinical Trials
Double-Blind Method
Female
Human
Male
Middle Age
Random Allocation
Time Factors

CLINICAL TRIAL
JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

Eng

O(Mandelic Acids)
456-59-7 (Cyclandelate)

http: //l3O. 14.32.47fcgi-binIGM-client? 15839tietil+l

.———.

2 of2 5i6i98 11:53 AM



http:l/130,14.32 .471cgi..,M-client? l5839+detail% http://l3O. 14.32.47/cgi-bin/IGM-client? 15839+detailt6

ABSTRACT:
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Cyclandelate inhibits calcium-induced contraction of vascular smooth
muscle cells, platelet aggregation induced by thrombin,
platelet-activating-factor and adenosine, and also suppresses a provoked
5HT release from platelets. This pharmacological profile suggests that
cyclandelate may have a potential prophylactic effect in migraine. To test
this hypothesis, a double-blind multicentre study was performed in 214
patients to investigate the efficacy and tolerability of cyclandelate
compared to placebo and propranolol. After a 4-week baseline period,
eligible patients (randomization 3:2:3) were treated for 12 weeks with daily
doses of 1.200 mg cyclandelate (n = 81), placebo (n = 55) or 120 mg
propranolol (n = 78). The number of migraine attacks (> or = 50V0
responders) and the migraine duration/month were compared based on the
difference between baseline and the last 4 weeks of prophylactic treatment.
The percentage of patients with a reduction in migraine attacks of> or =
50% treated with cyclandelate (37.0%) or propranolol (42.3!40) was not
significantly superior to placebo (30.90/o; p > 0.025). The mean duration of
migraine in hours (h) per month decreased in both active treatment groups
(cyclandelate: 36.8 h, p = 0.046; propranolok 34.4 h, p = 0.039) compared
to placebo (13.7 h) without reaching statistical significance (alpha/2=
0.025). The clinical efticacy of cyclandelate and propranolol was
comparable. Adverse experiences were reported by 13 patients (16.00A)
treated with cyclandelate, by 5 patients (9.1 %) treated with placebo and by
19 patients (24.4%) treated with propranolol. These were drug-related in
7.1% (n= 6) of patients treated with cyclandelate and in 9V0 (n = 7) of
patients treated with propranolol. In summary, cyclandelate has a

c, comparable efficacy to that qf propranolol, an established drug of first -
+

choice in the prophylaxis of migraine. ~~ s were better thanpkeho 9
but not significantly so. Both active treatments were well tolerated.
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TH!S WATERIALMA}’ BE PROTECTED By
cOWI<IGW LAW (TITLE 17, U.S. CODE)

Treatment of early diabetic
with cyclandelate

Repfinte& with permission
British Journal of Ophihalmolog.v, 1977, 61, 399404 through the Copyright

~le~~nce (jj~(~~

retinopathy

J. G. CUNHA-VAZ, J. REIS FONSECA, AND J. R. B. HA GENOUW

From the Department of Ophthalmology, University of Coimbra, Coimbra, Portugal, and the
Department of Medical Affairs, Gist-Brocades NV, De~t, Holland

SUMMARY ln order to assess the effect of cyclandelate on the abnormal permeability of the blood-
retinal barrier which occurs in diabetic patients before any other lesions are apparent in the retina
a well-controlled, double blind, and paired trial was carried out in 22 patients. The treatments
were randomised. The permeability of the blood-retinal barrier was assessed by vitreous fluoro-
photornetry, Each patient was examined before being involved in the trial and then another 3 times
with I month’s interval. The total duration of treatment was 3 months.

The results showed that the breakdown of the blood-retinal barrier as evidenced by the degree
of abnormal fluorescein penetration into the vitreous suffered a significant decrease in the diabetic
F’ “’nts treated with cyclandelate when compared to the patients submitted to placebo admhtistra-
~- and this effect is particularly apparent in the third month of treatment.

It is now widely recognised that the major problem
in diabetes mellitus does not arise acutely from lack
of control of the carbohydrate metabolism, but
from the insidiously developing vascular complica-
tions (Ditzel and Standl, 1975). The morbidity and
incapacity associated with these complications are
staggering, this being particularly true with diabetic
retinopathy, which is nowadays one of the major
causes of blindness.

In order to prevent this dramatic outcome it is
necessary to detect the disease at a very early stage
and to develop means of stopping its further pro-
gress. Its detection at a reversible stage and its
immediate and effective treatment would be ideal.

It has recently been shown by our group that a
significant disturbance of the blood-retinal barrier
is present in diabetic patients with apparently normal
fundi, this disturbance being apparently reversible
(Cunha-Vaz et al., 1975). This was made possible by
the introduction of vitreous fluorophotomemy, a
new clinical quantitative method for the study of the
blood-retinal barrier.

There is also some evidence that from the early
onset of the disease diabetics may suffer from
innumerable cellular hypoxic injuries, caused by

~ ~,”d~W=~Up~fiedby research grant cMC 8 from the Inslituto

A-=+: , Cullur&Portugal.
.-

-$s for reprints: Profmr Jo* Cunha-Vaz, Clinics Oftalmo-
logK& Hospitais da Universidadc de Coimbr& CelaS, Ckimbra,
Porrugal

the association of an increase in oxygen demand
(Joslin, 1923; White, 1939) and a disordered oxygen
delivery (Ditzel and Rooth, 1955; Ditzel and Standl,
1975b).

It is therefore reasonable to consider the possi-
bility that the oxygen-dependent active transport
mechanisms of the blood-retinal barrier are altered
by these fluctuations in tissue oxygen tension and
that any drug which has a protective action against
hypoxia may influence favorably the course of the
disease.

Cyclandelate was the drug chosen for this trial
because it has been shown to have a protective action
against brain hypoxia (Funcke e[ al., 1974). In the
past IOyears a number of papers have been published
in which it was shown that cyclandelate treatment
was followed by dilatation of cerebral vessels (Kuhn,
1966) and increased cerebral circulation (O’Brien
and Veall, 1966). Improvement of mental functions
in geriatric patients treated with the drug has been
noted by Drift (1961 ), Ball and Taylor (1967), and
others. ~ese studies pointed, however, to an etkt
or effects of the drug on cerebral metabolism other
than thow indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistartce of
rats and mice to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke et al., 1974). Cyclandelate has also
been shown to increase the penetration of glucose
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into rat brain, and it is now accepted that the thera-
peut ic efficacy of cyclandelate in cerebrovaseular
insufficiency may be based not merely on improved
blood flow but also on stimulation of active glucose
uptake by the brain.

The aim of this study is therefore to assess the
effect of cyclandelate on the permeability of the
blood-retinal barrier in diabetic patients, before
there are any apparent retinal lesions, and when a
complete recovery may be expected.

,Nfethodand evaluation

The trial was started as well-controlled, double
blind, and paired and completed as such. The treat-
ments were randomised. The parameter measured
was the permeability of the blood-retinal barrier as
evidenced by the penetration of fluorescein after
intravenous injection.

The trial was carried out with adult diabetic
patients which were being followed up as outpatients
in the Diabetes Clinic of Coimbra University
Hospital. There were 6 men and 16 women, ranging
from 26 to 80 years of age, and averaging 524 years.
Patients having a history of eye disease or showing
any retinal lesions were excluded from this trial.
Only patients with maximal visual acuity, normal
ophthalmoscopic and slit-lamp pictures, and normal
retinal fluorescein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
late and the other with placebo. A patient who
dropped out during the course of the trial was re-
placed, as well as the other from that pair. One of
these pairs dropped out, however, only in the last
month of the trial and could not be replaced. By the
end of the trial there were, therefore, 11 pairs.

The details of the trial were explained to each
patient and consent was obtained. Each individual
was assigned to either cyclandelate or placebo, as
determined by a table of random numbers.

The doses of cyclandelate were standardised at
4(M mg,capsule, 4 times daily. The total treatment
duration was 3 months. The capsules of cyclandelate
and placebo were provided by Mycopharma-
Brocades. The key to the randomisation codes was
kept by [he local pharmacist and was unknown to
the examiners until the trial was completed. No other
preparation with vascular effects was used by the
patients during the course of the trial.

Assessment of the permeability 0[ the blood-rerinal
barrier
The permeability of the blood-retinal barrier was
assessed by vitreous fluorophotometry (Cunha-Vaz

er a/., 1975). The apparatus consisted essenti~<~
model 360 Haag-Streit slit-lamp which was mod~
by adapting a new source of illumination, approm
ate filters, a photometric detection system, ~
device for electrical registration of the movement ~
the instrument. Each patient was assessed 4 ti~
the first, before being involved in the trial, tt
second, at the end of the first month, the third at tt
end of the seeond month, and the fourth after t~
3-month treatment. For these examinations
10ml intravenous injeetion of 10°0 sodium fluorc
stein was immediately followed by fluormcenc
angiography, performed with the ToPeon TRC-F
and by vitreous fluorophotometry 1 hour later, ~
fluorophotometric curves were reeorded by
Polaroid camera. Because the values in the anter
vitreous,near the lens, are variable and influence~
by fluorescein penetration through anterior route
only the posterior half of the curve was analysed
The lower area A as indicated in Fig. 1 was roughi:
integrated, this value representing a true value of th(
concentration of fluoreseein in the posterior vitreous

The values obtained for these areas in each patien
are presented in Table 1. These areas were namec
AO,Al, At, and A%,according to the occasion 01
their reeording, before thetrial,afterthe first month
after the second month, or at the end of the thirc
month, respectively.

The mean values of areas O, 1, 2, and 3 in eaci-
group of patients were first compared in order tc
detect any general difference in behaviour betweer
the 2 groups.

Y (x) 1
1

A ‘“;
I , 1 t I I

L)IST.iWCE .iLwOSS vIIREOLS -x

FQ.I Tvpical fluorophorometric curve. The 10wer area.
A under [he curve represents a rrue value of rhe
concentration of fluorescein in the pos[erior vitreous

A=-=<
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Tab~e 1 Values ojfluorescein penerra[ion iruo the posrerior vitreous in the 4 e.~-aminariomduring the Jmonth trial

Placebo Cyclandi=lare

Fluorescrin pc-mvration
s. .<0. .48t;sex

Fluorescrin penetrtwion

Clinical s. .\o. Age,sex CllndcOi

.4, A, A, A, information ,4. A, A, A, tnformotmn

I 60’F 6 I 73 92 92 2 59,F 37 67 83 75
4 50 F 54 41 69 70 3 80?F 93 94 119 102
6 47 M 44 40 66 59 5 51; F 48 59 94 97

8 41 F 33 67 3.7 84 7 55M 46 63 91 91 Nlmimal hard

9 33(F

cxudaws
67 6S 66 69 10 26F 5.4 79 47 48

]~ 681M 7.5 76 84 96 II 57/M 62 60 71 49
]~ 64:F 59 59 92 [03 Minimal hard exudates 16 42’F 78 60 70 54

18 441M 44 40 55 5.5 17
20 4611=

61$F 47 70 82 82
36 60 102 9 I 19 60F 46 61

21

76 65

49:M 17 37 53 76 Hard exudaws; signsof ~~ 50F 22 36 75 49

Ieakagcon angiograph!
26 42;F 48 40 87 100 Signs oflcakagc on ~f 61”F 60 64 77 67

angiograph>
Mean 489 5.51 74a 814 S39 648 805 7.08

The parameter that was used to test efficacy of
the drug v. the placebo was the difference betwesm
the. fluo~in concentrations in the posterior

~~= ?USat the final examination, represented by As,
k fluorescein concentrations at the previous

..Ls (A%, Al, a“nd AO).
For each pat ient (I I drug, 11 placebo) these

differences (A3 - ~, A, - Al, and A, – A2) were
subjected to statistical analysis. A final complement-
ary analysis was made taking into account
simultaneously for each patient, the differences
Al - AO and At - A,, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-retinal barrier. A, - AO
represents the natural evolution of the disease, the
effect of treatment being then minimal; At - A~
represents best the effect of treatment.

The following standard statistical methods were
used: Student’s r test and standard deviation.

CLINICAL ASSESSMENT

The visual acuity was tested for each patient and
he was examined 4 times by ophthalmoscopy,
during the course of the trial, at the beginning and
at the end of each month.

Results

Assessment of Ihe permeability of the blood-retinal
barrier b) vitreous fluorophotomerry
The mean values of the areas under the fluoro-
photometric curves, representing the fluorescein
penetration into the posterior half of the vitreous,

‘aimed from each patient (1 I placebo, 11 cyclan-
‘-- tte) and from the 4 examinations were graphically

.:tted (Fig. 2). The figure shows a well-defined
pattern of progressive increase in the permeability

Fig. 2 Patlerns of /iuorescein penerrurion into the
posterior vitreous. in plorebo and cyclandelare treated
patients, during the 3-month trial

9

I —C~-clandelale

I ‘----Placebo

of the blood-retinal barrier, well evidenced by the
increased fluorescein penetration into the vitreous,
in the placebo-treated patients, during the 3-month
period of the trial. This pattern appeared, however,
to be completely inverted during the third month
of treatment in the patients rczeiving cyclandelate,
suggesting a definite improvement in the conditions
of abnormal permeability of the blood-retinal
barrier which characterises the early stages of retinal
involvement in diabetes.
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Table 2 Differences in jiuoresceinpenetration into the
‘“.>+’

Table 4 Differences in fluorescein penetration into C&,
posterior vitreous between the last (AJ and the initial posrerior vitreous between the end of the trial (AJ M
exuminarion (Ae) theendofthe second month (Az)

. .
y.. :

Placebo Cyclandrlate Placebo Cyclandelate

Series .Vo. A.-.4, Series .Vo. A, - A, Stries .Vo. A, -A, Series ,Vo. A. - A,

I -31 2 –3s 1
4

0 2
-[6

-08
3 – 09 4 –01

6
3

–1s
-[7

5 – 49 6 -07
8

5
–51

–03
7 –45 8 -27

9
7 0

–02 10 -06 9 -03
12

10
—21

-or
II -1.3 12 -12

15
II

–44
-22

16 -24 Is -11
18

16 -16
–1.1 17 –15 18 0

20
17 0

–55 19 -19 .X3 -II
21

19
–59

-Ii
22 -27 21 –23

26
22

–$2
-26

25 –07 26 –13 25
Mean – 32

[ o
–16 Mean

zSD
-065

=0616
:0%

=0736 =SD Z0357 =0298

r - 1.74; DF = 20; OI<P>O.05. t = 36; DF = 20; 0005< P> OOOI.

This finding is substantiated when the differences
in fluorescein concentration in the posterior vitreous
between the last and the previous visits were analysed
and the values obtained from patients given placebo
capsules compared with the values obtained from
cyclandelate-treated patients. The differences in
fluorescein penetration, i.e., breakdown of the blood-
retinal barrier, between the last visit (At) and the
initial examination (AO) are significantly different at
the 10°~ level between the 2 groups of patients,
placebo and cyclandelate (t= 1.74; DF=20; 0.1
<P> 0.05; Table 2).

This level of significance increases, however, when
the differences in fluorescein penetration are taken
between the last visit and the second and thisd
examinations, after 1 and 2 months of trezitment,

respectively. The dtierences between the last visit
and the second examination (A3 – Al), between the
2 groups of patients, are significant at the 2~& level
(t=2.7; DF= 20; 002<P>O01; Table 3). Finally,

Table 3 Differences in fluorescein penetration into the
posterior vi~reousbetween [he end of the trial (AJ and
Ihe end of [he first month (A,)

Placrbo Cycionde[ate

Series .Vo. A, - A, Series .Vo. A, -A,

1
4
6
8
9

12
Is
18
20
21
26
Mean
zSD

–[9
-29
–19
-17
–04
—~.()

–44
–15
–23
–39
– 60
– 26
=0475

2 –08
3 –08
5 -38
7 – 28

10 -3.1
11 -11
16 -06
17 –12
19 – 04
.?2 –13
25 –03

– 06
=0534

( =27; DF =20; 002< P:.001.

[he differences between the final observation an

the third examination (AJ – Az) show a high]
significant difference Ixtween the 2 groups c

patients (f=36; DF=20; O@05<P>O@Ol ; Table4
Thew results show clearly that cyciandelate has ,
beneficial effect upon the breakdown of the blood
retinal barrier which is present in the early stage
of diabetic retinopathy, preventing its progressive
increase, well evidenced in patients receiving placetx
capsules. The results indicate also that this beneficia
effect is particularly marked after a period o
treatment of 2 months. The fact that the full effec
of cyclandelate is especially well evidenced in th(
third month of treatment, in contrast to the firs
month when its activity appears to be minimal
prompted us to compare the differences betweer
the third month of treatment (As – AJ and the firs
month (Al – AJ, i.e. (A$ – A2) – (Al – AO) betweer
the 2 groups. The statistical analysis of these
ditTerences shows a highly significant difference
between the 2 groups (/=44; DF=20; P<OOO1
Table 5).

The= results indicate clearly that the breakdowr
of the blood-retinal barrier as e~idenced by tht
degree of abnormal fluorescein penetration into tht
vitreous suffered a significant decrease in tht
diabetic patients treated with cyclandelate wher
compared to the patients submitted to placebc
administration, and that this effect is particular>
apparent after 2 months of treatment.

CL I?41CAL ASSESSMENT

The other examinations performed agree, although

in a less clear manner, with the fluorophotometric

results. As regards the clinical picture, the cases
under study are of such nature that only signs of
worsening can be accepted as true changes, The
visual acuity remained maximal in every pa! ien!
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Table 5 Diflercnre~ itl /7uorescein pe,w’;rari.?vbesn’een [he rhird monrh of the trial fA~ -,42 ) am’ the first month
‘A, -AO)

P[arrbo C.vcIordeloh-

Scrie3 .\ ’o. .4, -.4. .4, -,40 Di,frrencr .%r,es .%0, A, -A: A, -A, Dl%ence

1

I
4
6
8
9

1s
20
21
26
hican
SD

o
–01
-()-

_J -

–0:
–06
–!1

0
–11
—~>

-}3

–12
-13
-04
-34
_o~
-01

0
-04
-3:
– ~.o
-08

-12
-12
.0.3
-0:
-of
-05
-1[
-04
-21
-01
-Os
-002
= o 30?

-08
-17
–03

o

10 –o 1
11 _2~

16 -16
17 0
19 –11
~~ -26
25 -10

-38
-Is
-08
-17
-26
_ 1.()

–02
-23
-26
-40

-14
_ ~.07

=0455

I -4.4; DF - 20; P< OOO1.

during the entire trial. Ophthalmoscopically and
angiographically, however, slight changes developed
in the fundi of 3 patients rectiving placebo and in
1. patient receiving cyclandelate (Table 1). These

=~:ded the development of minimal hard exudates
ome anglographical evidence of fluorescein

. . ..~age. The angiographical changes were obsemed
in 2 placebo patients at the last examination,
whereas the hard exudates were seen with the
ophthalmoscope in 3 placebo-treated patients and
in only 1 receiving cyclandela[e. An overall clinical
impression was, therefore, obtained of more marked
progression of the retinal involvement in the
diabetics not receiving cyclandela[e,

SIDE-EFFECTS

TWO patients complained of nausea. This was
sufficient to provoke in 1 patient discontinuation of
treatment and the consequent dropping out of the
respective pair and its substitution with a new pair.
1!is interesting. however, to nole that the second
patient who complained of nausea was recei~ ing the
placebo capsules.

Discussion

The present trial has shown that cyclandelate in
doses of 400 mg capsule, 4 times daily, gilenfor a
period of 3 months, has significant beneficial effect
upon the breakdown of the blood-retinal barrier
u hich is present in the early stages of retinal in\”ol\e-
ment in diabe~es. The use of vitreous tluoropho~o-
metry, a clinical quantitative method of evaluation
of the permeability of the blood-retinal barrier,

‘lowed the results LO be subjected to statist ica!
‘- Iysis. This showed that the progressive deteriora-.-

n of the blood-retinal barrier observed in the
diabetic patients receiving placebo capsules during

the 3-month trial was arrested in the patients
receiving cyclandelate. This beneficial effect of
cyclandelate was particularly marked in the third
month of treatment, when the levels of breakdown
of the blood-retinal barrier decreased significantly,
pointing to some recovery of the disease process,
and suggesting even better results from prolonged
periods of treatment. In a less clear manner the
clinical impression obtained from ophthalmoscopy
and fluorescence angiography agreed with the
results obtained, showing an apparently more rapid
progression of the disease in the placebo-treated
diabetics. It remains now to be seen if these results
can be confirmed by long-term studies and if the
progression and development of the full picture of
diabetic retinopathy and final loss of vision can be
prevented by prolonged treatment with cyclandelate.

The results here reported showing a favorable
effect of cyclandelate on the abnormal permeability
of the blood-retinal barrier in the earlier stages of
diabetic retinopathy are probably due to the
protecti~e action of the drug against hypoxia
(Funcke ef al., 1974). It is to be recalled that an
increase in retinal blood flow by direct action on
the tone of the retinal vessels would not appear to
have any beneficial effect, according to recent
personal observations (Cunha-Vaz er al., 1977).
which showed an apparent direct correlation between
increase in retinal blood flow and progression of
diabetic retinopathy,

The demonstration of a beneficial effect of cy-
clanctelate in early diabetic retinal in~olvement
supports the work of Dirzel and Standl (1975a, b)
and substantiates the hypothesis that fluctuations in
tissue oxygen tension may be responsible for the
retinal vascular complications in diabetes. Examina-
tion of the effect of this drug upon other vascular
complications of diabetes may help to indicate if
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these variations in tissue oxygen tension are a
general phenomenon of paramount importance in

every vascuiar complication of diabetes or if they

assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our [hanks are due to Professor J. P. Lima, from
the Physics Department of the University of
Coimbra, for reviewing the statistical evaluations
and to Miss M. Joilo Coelho for secretarial help.
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in the prophylaxis of migraine: a randomized, parallel, double-blind study in comparison with placelm and
propranolol. CephalaIgia 1996;1 6:441-7. Oslo. ISSN 033>1024

Cyclandelate inhibits calcium-induced contraction of vascular smooth muscle cells, platelet aggregation
induced by thrombin, platelet-activating-factor and adenosine, and also suppresses a provoked 5HT release
from platelets. This pharmacological profile suggests that cyclandelate may have a potential prophylactic
effect in migraine. To test this hypothesis, a double-blind multicentm study was performed in 214 patients
to im’estigate the efhcacy and tolerabilih of cyclandelate compared to placebo and propranolol. After a 4-
week basehne period, eligible patients (randomization 3:2: 3) were treated for 12 weeks w-ith daily doses
of 1230 mg cyclandelate (n =81), placebo (n =55) or 120 mg pr-opranolol (n= 78). The number of migraine
attacks (>50’7[ responders) and the migrame duration,lmonth wem compamcf based on the difference
between baseline and the last 4 weeks of prophylactic treatment. The percentage of patients with a reduction
in m]grame attacks of ~50% treated with cyclandelate (37.0%) or propranolol (42.3%) was not significantly
superior to placeb (30.9%; p> O.025). The mean duration of migraine in hours (h) per month decreased in
both active treatment groups (cyclandelate: 36.8 h, p= O.046; propranolol: 34.4 h, p= O.039) compared to
placebo (13.7 h) without reaching statistical significance (a/2=0.02!!). The clinical efficacy of cyckmdelate
and propranolol was comparable. Adverse experience were reported by 13 patients (16.0%) treated with
cyclandelate, by 5 patients (9.1%) treated with placebo and by 19 patients (24.4%) trwated with propranolol.
These were drug-related in 7.1% (n =6) of patients treated with cyclandelate and in 9% (rr=7) of patients
treated with propranolol in summary, cyclandelate has a comparable efficacy to that of pmpranolol, an
established drug of first choice in the prophylaxis of migraine. Both drugs were better than placebo, but not
significantly so. Both active treatments were weU tolerated. El Cyclarrdelate, double-blind, placebo,propnnrolol.
prophybs ofmigramc, tolerability

HC Dwrrer, Department of NeuroloAT, University o) Es.scrr, Hufelandstr. 55, D-45 I L’ Esserr, Gerrmrry.

Tel. +49 2017232460, fax +49 201723 j901. Recei:ed 3 November1995,acceptrd 10 ]une 1996

Patients with frequent, prolonged and set’ere
migraine attacks require migraine prophylaxis. A
reduction in the frequency of attacks and the dura-
tion of migraine are two {mportant aims. The mode
of action of most drugs used in migraine prophylaxis
k not known. Furthermore, no animal models are
available to establish the mode of action of these
medications. The prophylactic effect of beta-blockers,
the most widely used drugs in the prophylaxis of
—
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t%; Gerber, W.D-/Strenge, H. (n. 4) /Kiel; Stosch, K.

‘?3)/Adchen.

migraine, was discovered by chance in patients
treated for hypertension who at the same time suf-
fered from migraine. Propranolol (1-6) has con\’inc-
ingl~ been shown to have migraine prophylactic
acti~’ity. This activity has been confirmed by Holroyd
et al. (7), who performed a meta-analysis of studies
on propranolol in the prophylaxis of migraine. The
53 studies included 2403 patients who were treated
with the beta-blocker propranolol (medium standard
dose 160 mg /day) \’ersus reference substances or
placebo. On a~erage, propranolol resulted in a #lC7C

reduction in migraine activity w-hen daily headache
recordings were used to assess treatment outcome
and in a 65% reduction of migraine activity when
less conser~’ative measures (e.g. clinical ratings of
improvement, global patient reports) were used. The
dropout rate due to side effects was 5.3%.

Cyclandelate inhibits provoked calcium overload
in neurons (8), calcium-induced contraction of
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vascular smooth muscle cells (9–lo), and platelet
aggregation induced by thrombin, platelet activating
factor (PAF) and adenosin (11). In addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-1 3) and protects against provoked cortical dam-
age in a mouse model of focal ischaemia (14). This
pharmacological profile suggests the likelihood of a
prophylactic activity in migraine.

Earlier studies have indicated that cyclandelate
given at a daily dosage of 1600 mg indeed has
an anti-migraine prophylactic effect. In a small pilot
trial (n =40), Nappi et al. (15) showed that cyclan-
delate was almost equally effective to flunanzine.
Mastrosimone et al. (16) (n =84) described a signifi-
cant superiority of cyclandelate to pizotifen. Gerber
et al. (17) (n =84) observed a clinically relevant
decrease in migraine symptoms with cyclandelate
which was comparable to that of propranolol.
Cyclandelate was well tolerated in all efficacy
studies and exhibited the smallest incidence of
adverse events compared to the reference drugs used
(15-18).

Methods

To test the hypothesis that cyclandelate is more
effective than placebo in the prophylaxis of migraine
using the minimal effective dosage of 1200 mg/day,
a randomized, parallel-group, double-blind multi-
centre study was performed. As a seconda~ hypo-
thesis, comparative efficacy with propranoloI (120
mg/day) was investigated. The study was approved
by the respective local ethics committees.

[nclwion criteria

Patients between the age 18 and 60 years; male or
female; migraine with and/or without aura accord-
ing to the IHS criteria (19); migraine history of at least
12 months’ duration; a mean number of 2-10
migraine attacks per month within the last 3 months
prior to the study; and signed informed consent were
admitted to the study.

Pregnant or lactating women; psychiatric disor-
ders; concomitant non-migraine headaches >3 times
per month ~vithin the last 3 months; intake of cen-
trally acting drugs or migraine prophylactic drugs
during the -t weeks preceding the trial; specific
contraindication to beta-blocker (asthma, diabetes,
clinically relevant hypotension, etc. ) or cyclandelate
(acute stroke, glaucoma, coagulation G;.”.der);
intake of drugs to treat migraine attacks> 12 days/
month. Prior to study entry and at the end of the
treatment, the patients underwent physical and neu-

..:.+

rological examinations, includin
chemistry tests.

,!’;”

Design

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophylactic
treatment. Those who recorded 2-10 attacks on the~
migraine headache diaries during the baseline peri~
qualified for randomization (randomization ratio=
3:2 :3) to cyclandelate, placebo or propranolol.
To avoid early withdrawals due to initial side
effects, treatment started with a 2-week run-in period
at a dosage of 400 mg tid cyclandelate placebo or w
mg tid propranolol. This was followed by a 12-w&k
period of active prophylaxis at a dosage of 400 mg
tid cyclandelate, placebo or 40 mg tid propranolol.
The study ended with a 2-week run-out period to
avoid early recurrence of migraine, using the same
dosages as in the run-in period. Additional medica-
tion to treat acute migraine attacks was allowed for
up to 12 days/month for the duration of the study
including the baseline period. Patients were required
to come for a check-up visit at the end of the baseline
period and at weeks 10, 14, 18 and 20 (Fig. 1).

Migraine headache diay

AJ1 patients kept a structured weekly diary and
recorded daily migraine events: occurrence of
migraine attacks; impairment of working ability;
intensity of headache (measured by a visual analogue
scale); duration of headache and migraine attack;
intake of migraine medication during the attack;
concomitant symptoms of migraine (e.g. photo- or
photophobia, nausea, autonomic disturbances, etc.).
Patients were also asked to record adverse events
related to the prophylactic medication. The attending
physician was requested to transcribe the frequency
and duration of migraine attacks and adverse events
in the Case Report Forms (CRFS) at each visit.

At the end of the studv and prior to breaking the
code, the attending phys;cian evaluated all migraine
headache diaries, blinded to the number and total
duration of migraine attacks at baseline and in the

last 4 weeks of prophylaxis. This diary database was
used for primary analysis applying the following
guidelines: (a) If migraine attacks occurred on two
consecutive days within a time interval of less than
24 h, this was counted as one migraine attack; (b) the
migraine duration was defined as the sum of all
migraine hours documented by the patient in the
diary within the 28 days precedingtheendof
baseline (week 4) and prophylactic treatment visits
(week 18) (Fig. 1); (c) in cases where the patient was
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baseline run-in 12 weeks prophylaxis run-out

I
800 mg I d 1200 mgld 800 rng / d cyc’andelale

1
I

80mg/d 120mg/d 80 mg / d propranolol

placebo

MHD MHD

I 1
I i

o 4 6 10 14 18 20 [weeks]

Fig. 1. Time course of the study, dosages and migraine evaluation

run-in/inn-out 2 weeks: cyclandelate 400 mg bid vs placebo vs propranolol 40 mg bid: 1-O-1 capsules! day
prophylaxis 12 weeks: cylandelate 400 mg tid vs placeb vs propranolol 40 mg tid: 1-1-1 capsules/day
MHD Migraine headache diary: evaluation -1 ~~eeks baseline vs last 4 weeks of prophylaxis
1 . ..20 W-eek.s scheduled check-up visits

not able to distinguish between migraine and tension-
type headaches, all additional concomitant s~ptoms
dcxmrnented in the diary were taken into consideration.

Endpoints and statistics

Two equivalent primary endpoints were defined: (a)
“rate of responders”, i.e. patients with ZZ507Creduc-
P‘n in the number of migraine attacks; (b) mean

~-- graine duration” in hours. The migraine para-
.,ers were calculated using the values of the last 4

weeks of the high-dosage period compared to those
of the 4-week baseline period. Efficacy was assumed
if cyclandelate showed significant superiority to pla-
OAMat an alpha-adjusted two-sided significance level
of a/2=0.025 in atleast one of the two target criteria.
Fisher’s exact test and the t-test for independent
samples were used as statistical methods for the rate
of responders and migraine duration, respectively.
TWO patientpopulationsweredefined for statistical
analysis, all randomized patients (intention-to-treat
[ITT] group) and clinically relevant patients (per
protocol [PP] group). All drop-outs after baseline
were included in the intention-to-treat analysis on the
basis of the last-va]ue<arn~ -fomapj method.

Secondary endpoints were the efficacy of propra-
nolol versus placebo and equi~,alent efficacy of cy]an-
delate compad to propranolol. Additional seconda~
endpoints Were change in intensi~ of headache,
inhke of analgesics or migraine digs, number of
working davs lost due to migraine, frequency and
Severi~ of ~d~erse e~-ents. For the secondary end-
POints, adt~erse e\rents and intake of acute migraine
medication, Onlv posthoc analyses are presented,

~IW number of patients
..-.

~~uming a 60% response rate with cyclandelate
Wid 30c%with placebo and a reduction in migraine.,.’.,,
&G&’.-

duration of 4 h with placebo and 8 h with cyclande-
Iate with a standard deviation of 6 h, the sample size
for cyclandelate and propranolol was calculated at
n =75 and n =50 for placebo in the randomization
ratio of 3:2:3. These case numbers are sufficient to
find a statistically significant difference between cyc-
land elate (or propranoloI) and placebo at a/2=0.025
with a beta error of 20’%0.

Post-hoc analysis

The intake of medication to treat acute migraine
attacks is known to be an accompanying critical issue
for the evaluation of headache duration in clinical
trials for prophylactic treatment. Therefore, all
patients were stratified based on the intake of anal-
gesics/antimigraine drugs during a defined number
of weeks in the course of the trial. To obtain new
insight into possibly different response properties of
the ITTpatient database, the >50% response criterion
reduction of migraine duration was combined with
the criterion “intake of acute medication over less
than 5 weeks” during the 16 ureeks of treatment
(double response criterion).

Results

Study population

The study uas initiated in November 1991 and
finished in April 1994. Twenty-one screened patients
did not qualify for randomization. A total of 214 ITT
patients in 17 centres were randomized after com-
pleting the baseline period, 81 patients (37.9%) were
treated with cyclandelate, 55 (25.7%) with placebo
and 78 (36.4%) with propranolol. For~ patients had
to be excluded from the ITT analysls for various
reasons (Table 1) and 174 patients (cyclandelate n =67,
placebo n =39, propranolol n =68) remained for the
PP analysis.
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7irble1. Patients violating protocol requirements.

Reasons for exclusion from ITT datahse n=40

Earlv stuclv termination /not drug-related n=15
sz ~ttacks’dutigbaseline perIod (one <~-l h) n=8

Evaluation of diary not pms~ble n=7
Contro[ visit missed by >2 weeks n.6
Intake of additional medicahon ~ 15 days/4 weeks n=2
Age <18 or >60 years n=2

Drnrogrophic and baseline data LMk 2)

The three treatment groups were comparable in
terms of age, distribution of gender and history of
migraine (Table 2). The three treatment groups were
comparable with regard to number of ,attacks/
4 weeks, intensity of pain duringattacksand intake
ofacutemigraine medication. The mean duration of
migraine in hours/4 weeks and thestandarddeVia-
tion was slightly greater in the cyclandelate group
than in the placebo and propranolol groups. How-
ever, the differences did not reach statistical signifi-
cance.

Wi!hdrawdsafterrandomization

Thirtv-six patients (16.8’%)dro
domiza~ion (cyclandelate n= 16,
pranoloI n= 12). The frequency of
cyclandelate and propranolol wascomparable, ~t
numerically higher compared to placebo in the em.
cacy-related and possibly drug-related reasons. me
overall distribution of all reasons for withdraws b
given in Table 3.

Efficacy

Primary ewfpoinfs

The firstprimary endpint (~50% reduction of
migraine attacks) was met by 30/81 (37.07c) patients
treated with cyclandelate and 17/55 (30.9%) patients
treated with placebo. There was no significant differem
between the two groups (p>O.025). In the propranolol
group the response criterion was fulfilled by 33/78
(42.3%, p>O.05 vs placebo) patients. Similar results w-
obtained for the per protocol analysis (Fig. 2).

The mean absolute reduction of migraine
duration/4 weeks (second primary endpoint)
was 36.8*73.7 h with cyclandelate compared to

—

Table 2. Comparison of the three treatment groups.

Total Cyclandelate Propranolol Placebo
Patient characteristics n=214 n=81 n=~8 fr=55

Demogra~hzL” JIHJ baseline dotti

\iean age (years) 39f~2 39t12 -KE13 39f11

%x
Women 167\ 78.0&c 661’81.5Q0 60/?6.9% 41 /74.5’+0

Men 47/ 22.0-. 15,’18.5% 18/23.1% 14/72.5m0

Mean migraine history since (yearn) 19t12 18:12 21:13 t9ill
Migrainevathaura 561?6.270 24/29.6% 18/23.1’% 14/~5.5q0
Migrainewithoutaura 156/72.9% 56/69.1% 59/75.670 41/?4.5%
Migrainewithtwithoutaura 2 1 1 0
.vo.ofpatients;wthacutemigrainemedication:

.Analg.~ics/antirheuma tics 142/66.4T 55/67.9°~ 51 /65.4°( 36,’65.5’7

Specific migraine drugs 127’; 59.3% 46/56.8T 49;62.8% 32/ 58 1?

Cvcianclelate Propranolol Placetm

ikf~grairre busdm< duta
!&an number of attacks/4 ;veeks .ltl 412 ~*~

=4 attach 3T1 3il 3ZI

\!ean migraine duration/4 w-eek (h) 68t 79 S1=50 73Z41

=4 attacks 81 ~79 b9 ~46 71:’42

Pain intensity during attack
Severe
\loderate

\fild

27/33.3% 26133.3W0 17/30.9?
51/63.0? 49,162.8?c 31/ 56.4%

3/3.7~c 3/3.8$’c 7i12.7ffc

Additional medication during attacks
Ne\rer 6/7.4% 3/3,8% 2/3.670
Sometimes 23/ 28.J~o 24;30.87C 15/27.3%

Every attack 52/64.2~c 51 /65.4% 38/69.1%



CEPHALALGIA 16 (1996) Mqnesiunr in migraine prophylaxis 445

-.,
_~_’le 3. Reasons for withdrawal

Total Cyclandelate PropranoIoI Placebo
rr=zl~ 11=81 rI = 78 n=55

Reason n=36 rr=16 n=12 17=8

No. of patients (%) (16.8%) (19.8% ) (15.4Z ) (14.4%)

Not drug-related 15 (7.0%) 5 (6.27() 3 (lal) 7 (12.7’7)
Efficacy-related (total) 8 (3.7%) 5 (6.2%) 3 (3.8%)

Complete relief 2 (0.9%) ~ (~.57( )

Lack of efficacy 6 (2.8%) 3 (3.7%) 3 (3.8’+2)
Adverse events (no of patients) 13 (6.1%) 6 (7.4%) 6 (7.7%) 1 (1.8%)

Side effects 9 (4.2%) 5 (6.2% ) 4(5.1%)

[%] Rae o{ Responders

80 ––

ITT PP

ao

‘ma:...hi!!(...o
Cycl Plac Prop c@” Pi.9cr+w

Fig. 2. Rate of responders (>50% reduction of attack
%quency/4 weeks) compared to baseline.

‘--’= Intention-to treat PP =per Protocol
:1=cylandelate Plac= placebo Prop= pr-opranolol

‘p>o.05; u/2=0,025 (Fisher’s exact test, 2-sided).

13.7t51.7 h with placebo (p= C1.046). Proprano]ol

reduced the migraine duration on average by

34.6*58.8 h (p= O.039). These results were clinically
relevant for both active drugs, but failed to achie~’e
the adjusted significance ]evel of u/2 =0.025 (ITT).
similar results were obtained for the per protocol
analysis (Fig. 3).

Secondaq endpoints

Equivalenceofcyc[andelote and ~YL7{?T(?r10\O[. No signif-
icant statistical equivalence of cyclandelate and
Proprano]ol was found in either main efficacy
criteria (p=o.05, l-sided).

‘~t hoc analysis

The analysis of the subgroup of patients that
fld.filled the”resp~nse criterion of a >50CZ reduction

Ofmigraine duration with an intake of acute medi-
Qtion ot~er less than 5 weeks during the course of*

~-~ study showed cyclandelate to be significantly
?erior to placebo (32.1% t’s 12.7%, P= O.014) in

ast to p~opranolol (19.2%, p> O.05). The analysis

[no.rs, Mea?Redmxorr Hours

c

1’ ‘I:
——.—

‘1 ““ ]~-

;, ~I.i{
.10 ‘,

~LL-J L.,,#!
.,37 -

-20 .5, - ‘ -17,2
.32 d

30 i .
—— ,.

.343
-40 .3E 8

,588
.367

,731 400 47
*7OB

33 p=o046 p=c039

~ __ __ __i?T
C@ Plac m

——EL ——.
Cti WQ”

Fig, 3. Mean absolute rvduction of migraine duration/4 weeks
compared to baseline.

llT=Intention-to treat PP. per Protocol
Cycl =cyclandelate Plac= Placeim Prop= Propranolol
●p> O.05;a/2=0.025 (t-test for independent samples, 2-sided.

of the complementary responder groups with an
intake of acute medication during more than 5 weeks
did not show any significant difference between
placebo and active drug.

The l-sided equivalence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1% vs 19.29”,
p=o,oo7).

Tolerability/side effects

Blood pressure and blood chemistry remained
unchanged throughout the trial in all thr_eetreatment
groups. In the propranolol group the heart rate was
reduced on average by 5 beats/rein. Thirteen of 81
(16.01 ) patients treated with cyclandelate, 5 of 55
(9.1%) patients with placebo and 19 of 78 (24.4%)
patients with proprarmlol reported adverse events.
Of theseadverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table4).Five patients in the cyclandelate group and
4 patients in the pmpranolol group withdrew from
the study due to side effects.
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Table 4. Side effects.

C yclandelate Propranolol
Total no. 81 78

No. of side effects 9

,WO. of patients with

side effects 6

Typeof side effects Increased sweating
Hypertension
Sleep difficulty
Depre5sectmood
Drowsiness
Gastric pain (2)
Respiratory diffhlty
Kidney pain

7

7

Depressed mood
Gastric pain (2)
Gastric spasm

Gastric difficulty
Diarrhea
Brady cardia

Discussion

The goal of this study was to investigate the efficacy
of cyclandelate compared with placebo and
propranolol on the basis of intention-to-treat and
per protocol analyses. The prophylactic treatment
showed no statistical superiority of either cyclande-
late or propranolol over placebo in the reduction of
frequency of attacks. The duration of migraine per
month was reduced by both active drugs to a clini-
cally but not statistically significant degree. Overall,
the clinical reduction of migraine parameters for both
prophylactic drugs was comparable, confirming the
previous report of Gerber et al. (17).

The placebo effect in this study was somewhat
high (31% for frequency and 19% for duration) but
comparable to previously reported figures, i.e. 20-
40% for change in headache frequency (20) and
12k15% for headache duration (7).

We have attempted to overcome the ambiguous
and variable recordings in some patients’ diaries by
using a standardized procedure (see Methods sec-
tion) aimed at including the largest possible number
of evaluable data points in the final analysis. The
same evaluation procedure was applied in all three
treatment arms before breaking the code. Thus it is
unlikely that such a technique would bias the results
in favour of one treatment but not the other(s).

We considered that methodological errors could
have accounted for the outcome of the study. Accord-
ingly, we performed two post-hoc analyses. In the
first, the double response criterion showed a signifi-
cant superiority of cy,clandelate over placebo in

migraine duration, w-hlch is more pronounced than

for propranolol. This stable result suggests that the
assessment of efficaq of migraine prophylactic
drugs should include a responder population encom-
passing both the reduction of migraine duration and
additional medication responders with a reduced
intake of drugs to treat acute migraine attacks. Fur-
ther studies need to be conducted to confirm this

!
;
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hypothesis. ln the second post hoc analysis, &
patients who took sumatriptan (n=34) were exclud ~
from the ITT database. Subsequently, we found ttit’
cyclandeldte and propranolol were better than pk.”{
cebo (p= 0.024 and 0.026, respectively) in reducing the
mean duration of migraine attacks.

The incidence of adverse events was lower with
cyclat-delate than with propranolol, but d~g-related
side effects were comparable. These results confirm
the good tolerability of cyclandelate reported in
earlier studies (15-18). Furthermore, and in conhast
with most other substances for migraine prophylaxis,
cyclandelate has no specific contraindications other
than acwte stroke and glaucoma. It could be used in
patients with contraindications for other prophylac-
tic drugs (e.g. overweight, asthmatic patients, and
patients with coronary heart disease).

Our study demonstrates that cyclandelate and
propranolol are equally effective medications in
migraine prophylaxis, but not betterthan placebo.
Cyclandelate is well tolerated.
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