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Doekcts Management Branch (HFA-305)
Food and Drug Administration
12420 Parklawn Drive, Room 1-23
Roekville, MD 20857

Re: Docket Number 98N-O182, Bulk Drug Substances to be used in Pharmacy Compounding

Good Day:

The Texas Pharmacy Association Section of Compounding Pharmacists was the first statewide professional
specialty group to be formed in this country dedicated to advancing the role of compounding pharmacists and
protecting the patients they serve. The Section currently consists of over 107 individuals who are primarily
engaged in compounding practice for a majority of their time. On their behalf we are writing regarding the request
for nominations as published in the April 7 issue of the Federal Register, pp 17011-17012.

We are submitting on behalf of our section 20 bulk drug substances as candidates for the bulk drug list. These
items do not comply with the standards of an applicable USP or NF monograph, nor are they components of drugs
approv~cxlby the FDA therefore supporting data is being provided to meet criteria set forth by FDA for inclusion on
the list. Each nomination is contained in an individual folder including ingredient, chemieal and common names.
Chemieal grade or description and information on how the ingredient is supplied is so annotated. Also, information
about recognition in foreign pharmacopoeias and bibliographies of available safety and effieacy data is included.
Requirements such as information on dosage forms, strength and route of administration have been addressed along
with stabiIity data, any formulations or other miscellaneous information.

To support this data, as requested by FDA numerous documents and references have been included in each folder.
For example, the melting point may be found on a quality control report or the description of a substance is
contained on a certificate of analysis. MateriaJ Safety Data Sheets are included in every folder, which provide
h~lth hazard or toxicity daa reactivity data as well as handling precautions. Also, included are monographs from
Martindale’s Pharmacopoeia and The Merck Index. Where applicable each folder contains current abstracts and
articles that fi.wthersupport doses, dosage forms, therapy guidelines and cross-over trials with results.

Executive Director
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1624 East Anderson Lane, Austin, Texas 78752-1806 ● P.O. Box 14709, Austin, Texas 78761-4709 ● (512) 836-8350 ● (800) 505-5463. Fax: (512) 836-0308——-—
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A. INGREDIENT NAME:

AMINOPYRII)INE

B. Chemical Name:

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

C. Common Name:

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

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 JAnuesth, 1980; 52:367-370.

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

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

—_
AgostoL S. Effects of 4-aminopyridine in Eaton Lambert syndrome. 13r.JAnaesfh, 1978;
50:383-385.
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Davis, F, A. Orally administered 4-aminopyridine improves clinical signs inmultiple
sclerosis. Ann Newel, 1990;27: 186-192.

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

Segal, J. L. and Brunnemanq S. R, 4-Aminopyridine improves pulmonaxy fimction in
quadriplegic humans with longstanding spinal ord injury. Pharmacotherapy, 1997; 17(3):
415-423.

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

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

Che~ H, M., Li~ C. H., and Wang, T. M. Effects of 4-aminopyridine on saxitoxin
intoxication. Toxicology & AppliedPharmacoIogy, 1996; 141(1): 44-48.
Perez-Espejo, M. A., Haghighi, S, S., and Adelstein, E. H. The effects of taxo~
methylprednisone, and 4-aminopyridine in compressive spinal cord injury: a qualitative
experimental study. Surg”calNeuroIogy, 1996; 46(4): 350-357.

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

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

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

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

Smits, R. C., Emmen, H. H., and Bertelsma~ F. W. The effects of 4-aminopyridine on
cognitive fimction in patients with multiple sclerosis; a pilot study. Neurology, 1994:
44(9): 1701-1705.
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Bever, C. T. The current status of studies of aminopyridines in patients with multiple
sclerosis. Annals of Neurology, 1994; 36 Suppl: S118-121.

Polmaq C. H., Bertelsmanq F. W., and van Loene~ A. C. 4-aminopyridhe i nthe
treatment of patients with multiple sclerosis. Long-term efficacy and satiety. Archives of
Neurology, 1994; 51(3): 292-296.

van Dieme~ H. A., Polmq C. H., and van DongeL M. M. 4-aminopyridhe induces
iimctional 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 IXemen, H. A., Polmtq C. H., and van Dongen. The effect of 4-ami pyridine on
clinical signs in multiple sclerosis: a randomized, placebo-controlled, double-blind, cross-
over study. Annals of Neurolo~, 1992; 32(2): 123-130.

Nockels, R. and Young, W. Pharmacologic strategies in the treatment of experimental
spinal cord injuxy. Journal of aneurotrauma, 1992; 9 Suppl 1: S21 1-217.

Stefoski, D., Davis F, A., and Fitzsimmons, W. E. 4-Aminopyridine 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 1
clinical trial. Journal of Neurotrauma, 1991; 8(2): 103-109.

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

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

Hansebout, R. R., Blight, A. R., and Fawcett, S. Aminopyridine chronic spinal cord
inju~: a controlled, double-blind, crossover, study in eight patients. JNeurotrauma,
1993; 19:1-18.
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Hayes, K. C., Blight, A. R., and Potter, P. J. Preclinical trail of 4-aminopyrisdine in
patients with chronic spinal cordinjury.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. JNeurotiauma, 1994; 11(4): 433-446.

H. Information about dosage forms used:

Capsules

L Information about strength:

10mg

J. Information about route of administration:

Orally

K Stability data:

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

L. Formulations:

M. Miscellaneous Information:

-
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QUALITY CONTROL REPORT

CHEMICALNAME. :AMINOPYRIDINE (4)

MANUFACTURELOT NO.:1OO2O977

PHYSICAL TEST

SPECIFICATIONTEST STANDARD.:USP /BP /MERCK /NF /MART. _/CO.SPECS. .—— —— —

/-’”/ I)DESCRIPTION.:
// w~ ESS.

2)SOLUBILITY.:
SOLUBLE IN WATER;SOLUBLE IN BENZENE,IN ALCOHOL AND IN ETHER.

&
3)MELTINGPIONT.:

MELTS AT ABOUT 158.9 degree,
~-—-.

4)SPECIFIC -Wm.:

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

PASSES.: FAILS .:

COMMENTS.:

ANALYSTSIGNATURE.: DATE.:

PREPACK TEST.: DATE.: INITIAL.:

RETEST.: DATE.: INITIAL.:
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Use your web browser’s“Back” key to retorn to previous topic.

MATERIAL SAFETY DATA SHEET

4-Aminopyridine, 98°A
11601

**** SECTION 1 . c~~c~ pRODucT AND COMPANY ~ENT~lcAT1ON ****

MSDS Name: 4-Arninopyridine, 98%

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, INFORMATION ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------+

I CAS# I Chemical Name 1% I EINECS#
l---------------- l------------- -------------------------l---------- 1-----------

504-24-5 14-AMINOPYRIDINE 98% I 207-987-9
+----------------+--------------------------------------+----------+------------

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

● +** sECTION 3 _ ~z’Ap,D’=JIDE~IFIcATION ****

EMERGENCY OVERVIEW
Appearance: white.
Danger! May be fatal if swallowed. May be fatal if absorbed through
the skin. Aspiration hazard. Poison! Causes eye and skin irritation.
Causes digestive and respiratory tract irritation. May be fatal if
inhaled.
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
similar to those of inhalation. Causes redness and pain.

Ingestion:
May be fatal if swallowed. May cause irritation of the digestive
tract. Poison by ingestion. May cause effects similar to those for
inhalation exposure.
PJI oral dose if 590 mg/kg of 4-am_inopyridine in 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
immediately.

Skin:
Get medical aid immediately. 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 ~UREs +*+*

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. 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.

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 STO~GE ****

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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**** SECTION 8 - EXPOSURE CONTROLS, PERSONAL PROTECTION ****

Engineering Controls:
Use only under a chemical fume hood.

Exposure Limits
+--------------------+-------------------+-------------------+--__--_________._+

Chemical Name ACGIH
1--------------------’

I NIOSH IOSHA - Final PELsI
l------------------- l------------------- 1-----------------1

[ 4-AMINOPYRIDINE Inone listed Inone listed lnone listed I
+--------------------+-------------------+-------------------+-----------------+

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 _ pHySIC~ 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.

CHFMICAL PROPERTIES ****

odor

273 deg C @ 760.00mm Hg
155 - 158 deg C
Not available.
74 G/L (20aC)
Not available.
C5H6N2
94.12

**** SECTION 10 - sT~ILITy ml) ~cTIvITy ****

Chemical Stability:
$table under normal temp eratures and pressures .

b

Conditions to Avoid:
Incompatible materials, ignition sources.

Incompatibilities with Other Materials:
aaents, stronq acids, acid chlorides, acid anhyd.rides

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

Hazardous Polymerization: Will not occur.

**+* SECTION 11 _ TOXICOLOGICAL INFO~TION ****

RTECS# :
CAS# 504-24-5:

LD50/Lc50:
CAS# 504-24-5:
mg/kg.

Carcinogenicity:

US1750000

Oral, mouse: LD50 = 19 mg/kg; Oral, rat: LD50 = 21
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4-AMINOPYRIDINE -
Not listed by ACGIH, IARC, NIOSH, NTP, 01 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.

Ecotoxicity:
Bioaccumulation: none or low

Environmental Fate:
Not readily biodegradable.

Physical/Chemical:
Not available.

Other:
Not available.

**** 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: waste number PO08
RCRA U-Series: Not listed.

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

**** sECTION 14 _ T~SpORT lNFO~TION +***

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 _ Regulatory 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 .&Safety Reporting List.
Chemical Test Rules

None of the chemicals in this product are under a Chemical Test Rule.
Section 12b

.-. . . . . .. . ..



MATERIAL SAFETY DATA SIIEET

None of the chemicals are listed under TSCA
TSCA Significant New Use Rule

None of the chemicals in this material have
SARA

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

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

Section 313

Section 12b.

a SNUR under

Page50f5

TSCA.

No chemicals are reportable under Section 313.
Clean Air Act:

This material does not contain any hazardous air
This material does not contain any Class 1 Ozone
This material does not contain any Class 2 Ozone

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

OSHA:

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

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

Safety Phrases:
S 1 Keep locked up.
S 37/39 Wear suitable gloves and eyeiface
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 _ ADDITIONAL INFo~TIoN +***

MSDSCreation Date: 3/01/1994 Revision #l 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 claim9, 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.

n ----------------------------------------------------- ----- .-------------------—--

i1J{k,to product information,



1euromuacular blocking agents such as atnrcurium and

‘ ronium.1lt was suggeswd {hat because of its shorter du-
n of action and Iesscr effec! on the vagus. edrophonium

@be the more suitable a em.~ However, although it has a
3?

wid O.nsel of action th~n neoswmine ad does not
to re-mduce birrdurde on repeated administratiotr$ its

gonism is not adequately and reliably sustained especial-
hl~owing profound block67 and $ome workers consider

_. - ,stigmine is slill the agem of choice for use with these

I

ophonium may be preferable m neostigmine in reversing

senseblock due, 10 the, short-acting compchtive (rrondepw

‘sing) agent mlyacunum.9 Neostigmme is reported m in-
“bit plasma ch+neslerase which is responsible for tbe

bobsm of mwacmium and the use of nmstigmine can

“ fore delay mcOvew. Ecfmphonium appeara not to inhibit
‘ma cbolineslemse or reduce mivacurium metabolism, EI-

agent may be suitable once spontaneous recovery has
10However, evaluation of recove~ limes from miva-

‘“im block comparing edrophonium with spontancxxssre-
‘‘ indicated a small but insignificam advantage in using

~nium, I I II was considered that spmtaneous recovery

mivacurium maybe fa..[ enotrgb not to be influenced sig-

- &trtty by antagOnisrs of neuromuscular blockade.
pboniumis probably the agent of choice for rcverwd of

muscular blockade in patients poisoned with anti-

‘,.,hrestem.se neme agems wbo require surgery.8

,lteitfy CS. N1mmo wS. f@v !nuavenous anaeslhencs and
:ncuromusculw biwktng dregs a rcwcw of thcnrpropemes and

Iinicaf use. Dru#s 1987,34:98-135.
uII CU. New dmzs in anacmhesia.Br J How Mcd 1983: W

Ecothiopatelodide/Guanidine Hydrochloride 14.2 I

treatrr’tent of Alzheimer’s dke.ase but has been re- Eaton-bmbert myaathenic smdrome. Agents such as
ported to produce adverse haematological effects. fampridine which increase rele&e of acetylcholine from

nerve terminals may be effective in the treatment of Eaton-

Lamhert myasthenic syrrdmmc, W p. I 414. Some references
to the use of fampridine arc given below,

-1. AgosIon S. CI al Effects of 4.aminopyndine in Eaton La”berl
syndronw Br J Anatwh 1978; 50:383-5.

References.

I Unn! LK. ● I al. Kine[ics nf cholinewerase inhibition by
eptastigminc in man Eur J C1411Pharnwcol 1991; 41: 83-i

2. Autcri A, tr al. Pharmacc+nam!cs and pharmacokinetics of
cptashpminc in elderly subjects Eur J CIIn Pharmac,+ 1993;
45: 373-6

r!5-
Multiple sclerosis. Fampridine has potassium-channel
blocking activity and traa been tried in the [remmem of multi-
ple sclerosis to improve conduction in demyelinated fibres;
improvemenfi have hem reported in walking, dexterity. and
vision. but only small rrumbera of patients have been smdied.

For a discussion of the management of multiple sclerosis, in-
cluding mention of fanrpridbre. see p.657. Some references 10

Eseridine Salicylate (4S22.In)
Eseridine Salicylate (rfNNM).

Esenne Aminoxide Salicylate; Eserine Oxide Salicylate Phys- the use of famptidine arc given below.

ostlgmitw Ammoxide Sabcylate: Physosogmine N-Oxide Safi- ~l. ~vis~.tfaLO rally adminis[ercd 4-aminopyridine improves

cylate. (4aS,9aS)-2,3,4,4 a.9,9a-Hexahydm.2,4a,9-ttimethyl- c m!ca !gns in mulupk sclerosis.Am Ncuml l!S9fJ;27: 186-

1.20xazino[6,5-b]mdol-6 -yfmethylcarbamate sahcylate.
q~,

C(5H2, N10,,C7H603 = 429.5.
2 Bever CT C! al. ‘Tim effects of 4-aminopyridine i“ multiple

~=lerOslspal,en~m~ 1~0fam~omiz~.placebo-c0ntr0lled.
CAS — 25573 -43-7 (eseridine); 5995 -96-O (escridine so/- double-blmd. concentration-conwollcd, crossover uial. Ntwrol.

icylote).
Ogy 1994:44: 1054-9.

Galantamine Hydrobromide (4s17.g)
Galantamine Hydrobrwr?ide (rfNNM).

Galanrhamme Hydrobromidq Galandramim Hydrobromi-

dum. 1,2,3,4,6,7,7a. I I c-Octahydm-9-methoxy2-methylben-

zofuro[4,3,2+fg] ~]benzazocin-6-ol hydrobromide,

C17H21N03,HBr = 368.3.

CAS — 357-70-0 (gsdontomine); / 953-04-4 (galoncomine

hydrobromide).

Pharmacopoeias. In Chin.

The hydrobromide of galantamine, an alkaloid which bas

been obtained from the Caucasian snowdrop (Voronov’s
snowdrop), Ga&srIIhu.r wwmrmvii (Amaryllidaceae), and re-
lated species.

GaIantamine hydrobromide is a reversible inhibitor
of cholinesterase activity, with actions similar to
those of neostigmine (see p. 1422). Ithasbeen used
to curtai I the muscle relaxation produced by com-
petitive (nondepoksrising) muscle relaxants such as

tttbocurarine and gallamine.

Galamamine hydrobromide is a long-acting inhibitor of
cholineslerase activity which cresses the blond-brain barrier

and is b.+ng smdicd in patients with Alzheimer”s disease 1and
in mania: for di.mtssiorts of the management of these disor-
ders, see under Demen!ia, p. 14t 3 and under Bipolar Dkorder.

p.3f13 respectively. Like physnstigmine it is repotted m m.
verse optoid-induced respiratory depression wilhout affecnng

analgesia.’ The pbarmacokine!ics of galmrmmine have been
swdled.~.s

1. Thompscn T. CI al. Galanthamins hydrobmmidc i“ a Icmg-[enn
treatment of Alzheimer”s d!s.mx. Demtwm 1990, 1: 4&51

2 Snorrmon E, Slcfansson JG Galamhaminc hydrobmmide in
mania. L4mccvI’WI; 33fi 557.

3 Wmstock. M. CI al. Effect of physowipminc on morphine-m-
duced posto~rauve pam and somnolence Br J Anmwh 1982,
54:429-34.

4, Wes!ra P. rI al. Phannacokinctics of palamhammc (a long-act-
ing ant,cholincswrase drug) in anaesthelized parimr[s Br J
Amwrh 1986; 58: t303-7.

5 Blckd U, r! al. Pbarmacokmctics 01 galamhamine in humans
and corrcsfwndmg cholinesrerast mhih, tion. C/in Ph”nnoml
The, !991, 50: 420-S.

Eseridine salicylate is an inhibitor of cholinesterase
activity that has been given by mouth in prepara-
tions for dyspepsia and other gastric disorders. h has
also been studied forw.eh thetreatmentofAlzhe-
imer’s disease.

A studyl of the phamtacokinetics of escridine aslicylatc fol-
lowing oral administration as oral drops or granules.

1. Asl!er A, Petitjcan O. Pharmacokmettcs of an anucholinestera.
sic agenl (exrin N-oxydc) in humans after admimstraticm of
Iwo eaienic fcfnrs. J Phonmcol Chn 1985:4:52 I-7IiZ3-5. -

JcmesRM. ●I al ReCOVerYcharacteristics following anta&-
“,nism of auacunum wnh neosl!gmme or ufrophomum. Br J

Anaesth 19S4: 56: 453-6

I
! Caldwcll 3S, el al. Antagonism of vecuronium and a!racunum:
“iwmpariwn of neosugmme and cdrophonium admmmemd at
5% [witch hcigh! recovery. Br J Anacrfh 19S7: S9 478-81.

;. Asttey BA, ●f al. Elccmcal and mccbanical responses after

~~%n with mostigrninc or edrophomurn fIr J Amwsfh
uacular blockade with vecuromum. and subscquernan-

1987; 59 983-S.
& “Catdwdl 2S. cl al. Amaconism of mofound neuromuscular

Preparations
Names of preparations arc listed below; derails arc given in Parr3.

Proprietary Preparations
FE: G.+o&nne.
Multi-ingredient prepxrxtiorrs. FE: Vagos&inet.

~ bl~ka& induced by vec~mnmm o; atracnnum Comparison

P

.@ neostigmine with edrophonmm Br J Anaesrh 1986:58:
.?[285-9.

7, Mimkbur RK. e! al Anmcon!<m nf vccuromum-induced neu. L .Fampridine (123&.v)

k
~%omuaculsrblockade wi!~ cdrophonium or nmwgminc. Br J

‘. ;Anaesfh 1987; 59:473-7.
8 Karaffieddc L, e; al. Chemical weapons. Br M/d J 199I; 301
J 474.:.

/JC:’’NN”L-97Q Fampndina. 4-Ammopyridine; 4-Pyndmamnre

~z~fmticholineslcrase\ dunnginlenscmivac.rium,nduced
Iatif M. Recovwy characlcrmtcs after early adminis[ra-

‘mmuscular block. Br J Anar.vh 199S. 74: 2&5.
CAS — 504-24-5.

Fampridine enhances the release of acetylcholine
from nerve terminals and has been usedhtrave-
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-Lamberr 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 (multiple
sclerosis), p. 1413 (Alzheimer’s disease under De-
mentia), and p.1615 (botulism].

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

Mineni VR, c! al. Recovery of misacurimn block uith m
.Jbout mrticholinestermcs folio- mg admimstra[io” by ccm-

$ tinuouainfusions, Amx-srhcs;o 1994.49:9468
l~ConnoOy FM, ●t ul. Amagoniwn cd rnitacurium Meek with
“‘ Cdmphonium from variou< dqerces of sponratreousrecovery.
~ BrJAnaesth 1995.74:229-30
;8!
make bite. For the use of .mlicholmesiemses in the lrea[-

nent of snake.bite, see under Uses and Administration of Ne-

~smine Methylsulpha[e. p. 1424.
.,. .
hmdotoxin poisoning. Administration of edmphonium
Mravenously has produced WI immediate increase in motor
b3w.ain patients with rqrira[q distress and paresis or m-

Juced muscle power following inges[ion of Puffer fish

(-lkreroides rwculorus or Arothron mt’llaIus). Recovery
~y be, accelerated by subsequent treatment with a hxrg-act-
mg Sitticholinesterase such m neostigmine In mild poisoning
tmcompticard by resp]rato~ d!stress or paralysis, nenslig-
CSdflegiven a]~nc jntraMuSC”[Orly has produced marked jm.

Fqvement of par-aestbesm and numbness.
~.:Chew SK C, ~/ ~n(,cho),ne%[~rd~~ dru:< ,n the ,rca,men, Of
.- ICtmdotoxin Poi.o”ing, Lncw t984: ii: 108

~k+ktiorss
Niirm’ofpm~(io”5 wc ]islcdbelow:details m-ceiven in Pm 3

Preparations
Names nf preparations are Iismd below: deuiils arc given in ParI 3

Proprietary Pt-+mations
Awl.: Nivalin: /raL: Nivaiimt.

Guanidine Hydrochloride (12B07.c)

Carbamidme Hydrochloride; Iminourea Hydrochloride.

CH5N3,HCI = 95.53.

CAS — I 13-00-8 (guorridme): 50-0 /-I (guonldine hydro-

chloride).

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

Botulism. Snme references m the use of gwmidine m reverse
neuromuscular blockade in patients wiIb bo[ul ism we given

Q@+fPreparations
urJ93: admp.,u,l, u,,, ,,,,.-.,, U,,.
~~~ 23:EdmphoniumChloride [nJeclion

‘Wfietary Preparations
w: f%lon: Tensilom Eirc Tensilon:

4.,..,,.- ..........
&l. Ago~ Sc,al AnlJg”n!smofketlmr.c-diazepama”aes!he-

sta y 4-ammopyrtdtnc m human volumcers B. J Amxwh

n;;on?. fJK:@ p“~5’’y7-7oven us< c1al Phmmacohinettc< of 4-aminopyridinc m hu-
man volunteers. Br J Amzwh 1981; 53: 567–!S.

>. -fCry PM PI al 4-Amlnopvridme and haemodmlys!s m the
ma mcnl of wrapam!l mloxicat ion, Hum To.ncol 1985: 4:
327-9

-ion; USA: Enlo”, EnIon-Plus: Rm’c;

‘.. . . A

A. Alzheimer’s disease. Fampridine enhances acetylcholine

k release from nerve termmals and has been tried in the trca[-
mem of Alzheimer’s disease. Fora dmcussion of the mznage-

men[ of Alzbeimer”s disease and other dememias and ~he
various weatments thal arc being tried, see under Dementia on

~ P.1413. Some refercmcestotbcw of fzunpriditw i“ tbc wcat-
, mart of Alzheimer’s disease arc given below.

Wessclmg H. r{ al Effccls of 4.ammopyrtidtnc in elderly pa-
Alzhetmer’$ d)scasc.h’Eng/JMcd 1984. 3JO: 988-

~gmine ~dNN). Y

N-Demethyl.N.he~wiDhvsOs[lemlne f3a5.

~ydroj 1,3a,8-&~rnetkylpy~lo~,3 -b]mdol-
-mate.

‘IIH33N301 = 359.5. \

“q:- )01246.68.8,

& , \

1r:+iqtigrnine is a rever~ible inhibitor of cholineste

,%$~tivity; it is a Iipophilic derivative of phys-~
~,~tie (seep. 1424). It is being studied in the oral
-.

~~~~bd t denotes a preparation “o longer actively markem

ltism. Fampridine is one of several agents that have been
~ reverse neuromuscular blockade in patients with hot.

1615.

—
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References:P. van Amerongen, Curr. med. Res. Opi-
nion. 1979, 6, 93; C. Vauterin and M. Bazot, ibid., 10I;
S. Bernstein, ibid., 107.

Proprietary Names
Survector (Eufhdrapie, Fr.).

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
inwater;slightlysolublein 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 antihypcrtensive 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 at 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 !hird patient showed
moderate improvement.— R. Fkher ef al. (letter), Lan-
cet, 1974, I, 506.
Severe peripheral vascular collapse occurred in one of
tbe authors 90 minutes after taking 8 g of chromatw
graphically pure aminobutyric acid.— T. L. Perryetal.
(letter),Lancer,1974, 1, 995. Doaea of 1 to 2 g daily
and 40 g given over 48 houra had produced no serious
side-effects.— R. Fisher el 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 tardivc dyskinesia when given by
mouth in dosea ranging from 2 to 6 g daily. Dyskinesia
was aggravated in the other 2 paticnta. Sedation was the
moat prominenl side-effect.— G. P.Tellefal.(letter),
New Engl. J. Med., 1981, 30S, 581. see also J. Grove et
af. (letter), Larrcet.1980,2, 647.

Proprietary Names
Gamarex (Causyth, Ital.); Gamma Ion (Daiichi, Jap.b
Mielogen (Made. Spain).

12360-n

Aminohydroxybutyric Acid. 4-Amino-3-
hydroxybutyric acid.
C4H9N03= 119.1.

C’AS— 352-21-6.

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

Aminohydroxybuty ric acid has been claimed to
be of value in neurological disorders and to have
an antihypertensive effect. Adverse effects have
included dizziness and anorexia.

Proprietary Names
Aminoxan (Kakerr, Jap.); Bogil (Llorerrfe, Spain);
Gabimex (Gramon. Ar .); Gabob (Jap.); Gamibetal

f(lSF, ffal.; One, yap.; I sa, Swifz.); Gabomade (Made,
Spain); Gaboril (Seber, Spain).

12361-h

Aminomethiazole Tartrate. 2-Aminw4-
methylthiazole hydrogen tartrate.
C4H6NZS,C,H606=264.3.
Aminomethiazole tartrate is an antithyroid agent.

Proprietary Names
Normotiroide (Vile. [fal.).

12362-m

Aminonitrothiazole (E. Ver. C. 1965). Amin-
onitrothiazolum. 2-Amino-5 -nitrothiazole.
C3H3N302S= 145.1.

CAS — 1320-42-9.
Pharmacopoeias. In Nerd.

A greenish-yellow to orange-yellow light odour-
[ess powder with a slightly bitter taste. Slightly
soluble in water: soluble I in 250 of alcohol and
of ethe~ practically insoluble in chloroform.

Aminonitrothiazolc has been used in veterinary
medicine in the prevention and treatment of
blackhead (histomoniasis) in turkeys and chick-
ens, and in the treatment of canker (tri-
chomoniasis) in pigeons.

12363-b

Aminopicoline Camsylate. 2-Amitto-4-met-
hylpyridute camphor- 10-sulphonatc.
c6H~N~,c,oH1604s==340.4.
Aminopicoline camsylate has been used for its
reputed beneficial effect on the circulation.

Proprietary Names
Piricardio (Nagel, Ital.).

12364-v

4-Amino yridine.
rC5H6N2= 4.1.

CAS — S04-24-.5.

4-Aminopyridine is reported to reverse the effects
of non-depcdarising musclerelaxantsand tohave
analepticeffects.Improvementof myasthenia
gravishas beenreported.Aminopyridhcbydro-
chiorideand aminopyridinesulphatehavebeen
used.
References W. C. 8owman et al., J. Pharm. Pharmac.,
1977, 29. 616; H. Lundh ef al., /. Neuro/. Neuroscwg.
Psychiur., 1977, 40, 1109; S. Agowon et a/.. fir. J.
Anaesth., 1978, 50, 3g3; H. Lundh <r al., J. Neurol.
Nersro.surg. Psychiat.. 1979, 42, 171; S. A80aton a al.,
Br. J. Asrae$fh.. 1980, 52, 367; J. Evenhuis et al., ibid..
19gl, 53, 567.

Proprietary Names
Pymadin.

12365-g

Aminorex. Aminoxaphen: McN-742. 2-
Amino-5 -phenyl-2-oxazolinc.
C9HION20=162.2.
CAS — 2207-50-3.

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

12366-q

Ammonium Benzoate (B.P,C. / 949L Ammo-
nii Benzoas; Ammonium Benzoicum.
CbHj.C02NH4= 139.2.
CAS — 1863-63-4.
White almost odourlesa scaly crystals. Soluble I
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 berszoate 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. /949). Ammon.
Cit.
C6H507(NH,)3 = 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 has been used as a mild
expectorant and diuretic. After absorption it is

convertedinto carbonate and urea and:;
the alkalinity of the urmc only slightl

.

(NH4),S,0B=228.2.
r------,-..

CAS — 7727-54-O. ~q’-~

Colourlcss odoudess crys~ai,s or whit: ~~~
crystalline powder, con:?mmg about 7% ‘~. ~
Iable oxygen. Soluble I m 2 of watev ~>.
insoluble in dehydrated alcohol. It is s~-m- .

normal conditions of storage but it d+
rapidly at about 95”. It decom~ ,i_ -,
presence of moisture and ?f tracm ~f,:~.
mctalhc Impurttles. Store m a COOI ~1=-

!!FP=tI
*9’

*

h
hairtight containers. Protect from light._: ‘;F9=[::

Ammonium persulphate is a. powerfu].,&&
agent which has been u=d m photogmPhY:M
various industnal processes. Strong ~lu~~~
irritant to the skirt.
Severe reactions, including “’ ‘k3W-&i”loss of co-~
occurred after using hair bleach containing’~
persulphate.— C. D. Calrran and S. Shu,s&, -~

YI;gl ~ 963.88, 812. vr J. SLY.cosmet. C~FJ~,
:“ .@&

12369-w
‘,lp (&J

Ammonium Phosphate KJ.S.N.F.,B.gcdw
/949). Diammonium Hydrogen Phosphate. ~
monium hydrogen orthophosphatc.
(NH,) 2HP0,= 132.1.

?.!~f;’, .$

CAS — 7783-284.
;“,$&$&

Pharmacopoeias. In U.S.N.F. .7: .~ni~i&*i’
“ ~C X&h’

Colorless crystals or granules with ,:~)afi~
cdour and a saline taste. Loscaammooia~m
exposure to air, forming some ammonium ;dih*
rogcn orthophosphate, N H4H2P04.SohsbkAiln.2
of wate~ practically insoluble in akmhdJ~Ar~%
solution in water has a pH of 7.6 .to ,82TA
1.76’% solution is iso-osmotic with scrttm~~
ttatible with alkalis. ferric salts. and ,kaltatrW
heavy metals. Store in airtight containensil~,x’

Ammonium phosphate was formerly’ p
diuretic. It may be used as a buffcrirt~ a{
pharmaceutical preparations. 7,

s;iqa,g

12370-m
:: @
l-nq ,1:

Ammonium Salicylate. :,.$.~t
---

CAS — 528-94-9. ‘,::s’

Ammonium salicylate has been used topi
skin disorders. .331

i;ti
Proprietary Names
Salicyl-Vasogen (Pearson, Ger.).

%!
‘! *foi

12371-b
fkw
>,;g’lfif.

Amoscanate. GO-9333: c-9333 -GoIC(

CAS — 26328-53-O.
‘%11

A tasteless yellow substance. M,p. 204”; U
Practically insoluble in water. ,@$

Amoscanate is an anthelmintic st~c
related to bitoscanate (see p.89).h”k:{l
againsthookworm,Artcylostoma duodeno
Necator americanus, and against Schi4
marrwri and S. japonicum; it has Iimi
against S, haemarobiutrr. -J’+

Adverse effects reported include gastra$rl?!?!
effects, skin rash, and giddiness. ?h.i~;g
References: B. J, VakiI er al.. Trans. R. SoC. “l*.<
Hyg,, 1977, 71. 247; B. V. Ashok et al., Br, , ,<
Pharmac., 1977, 4, 463: J.C.Doshi eI a/., Am.

>“dg ‘Med. Hyg.. !977, 26, 636; P. S, Gupta et al.. .
Med. Hve.. 1979. 82. I I7. trer TroLJ, Dis. BdtiW%.,
77, 391 ~~cch. Rep. Ser. Wld Hlth org. No. 64

— .
-.” . . . . . .—
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<1>
Authors
Segal JL. Brunnemann SR.

Title
4-Aminopyridine improves pulmonary function in quadriplegic
b umams with longstanding spinal cord injury.

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

Abstract
STUDY OBJECTIVE: To test the hypothesis that
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 Inju~y Service, univer~ity-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 .q~~e of 4-AP 10 mg orally in an immediate-release
fch?miulation. 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;t~~ ex~iratory pressure
(MEP) ‘that persisted for at lea$b 12 hotiji were
demonstrated ‘In ~a~ri legic pdk’ientsbeginning 6 hOWS

r~WWf “aiMTiiistrat, .
?

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-naive subjects. CONCLUSIONS: The administration of a
single dose of an immediate-release formuhrtiun of +AP to
hiunanswith longstanding, traumatic quadriplegic is
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>

Authors
Schwid SR. Petrie MD. McDermott MP. Tierney DS. Mason
DH . Goodman AD.

Title

v

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

-—-.
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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 in 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: Time#
gait was~oved on 4AP SR compared with placebo in 9 @
10 subjects (p = o.oz). 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
placebo. There were no serious side effects. CONCLUSION:
4AP SR improved motor function in II(Spatients. 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 saxitoxin-and
tetrodotoxin-induced cardiorespiratory depression.

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

Abstract
Antagonism of saxitoxin-and tetrodotoxin-induced 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-Ambiguus) , 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 (iv.) 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-aminopyridine (2
mg/kg, iv.) was administered. The therapeutic effect of
4-aminopyridine was striking in that the toxin-induced
blockade of diaphragmatic neurotransmission, vascular
hypotension, myocardial 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-aminopyridine. At the dose level used to achieve the
desired therapeutic responses, ~inopyridine pmcf’uceci no
si~ of seizure and convulsion. Although less serious
side-effects such as cortical excitant/arousal and
transient periods of fascicular twitch could be observed,
these events were of minor concern, in our opinion,
particularly i.n view of the remarkable therapeutic effects
of 4-aminopyridine.

<8>
~-- Authors

Chen HM. Li.n CH. Wang TM.
Title

v
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 saxitoxin (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 inhibition was 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 nM STX in frog 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-toxicosis
rats. Furthermore, 4-AP (0.75-6 mg/kg, ip) no: only
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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Perez-Espejo MA. Haghighi SS. Adelstein EH. Madsen R.
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Title
The effects of taxol, methylprednisolone, and
4-aminopyridine 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, during, and 4 weeks

_- postinjury. Behavioral tests were measured 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>

Authors
Wananukul W. Keyler DE. Pentel PR.

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

Source
Journal Lj 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-aminopyridine. Anesthetized rats
received the tricyclic antidepressant desipramine 1P to
produce hypotension, 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) in the CaC12 group was higher than the
other groups. CONCLUSION: The administration of CaC12 or
4-aminopyridine did not reverse tricyclic
antidepressant-induced hypotension in rats. CaC12 therapy
may possibly worsen both cardiovascular and central nervous
system toxicity. These findings ~~. support a role for
calcium channel inhibition in the pd~ogenesis of tricyclic
antidepressant-induced hypotension.

~. <15>
Authors
Pickett TA. Enns R.

Title
Atypical presentation of 4-aminopyridine 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 in overdose; 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 in internodal
region of the damaged myelinated axons leading to K+ efflux
into the neurons with subsequent blockage of action
potentials. The potassium channel blocker 4-aminopyridine
(4-AP) has been effective in restoring some sensory and
motor impairment i.n 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 Neurotrau,la. 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 in the 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 in latency indicative of enhanced conduction in
corticospinal or corticobulbospinal pathways. Two of these
patients demonstrated increased voluntary motor unit
recruitment following 4-AP. Clinical examination revealed
reduced spastici.ty (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 autoimmune myasthenia gravis in
rabbits with 4-aminopyridine 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 intradermal 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 Gf 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-diaminopyridine (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 in rabbits, they may be
useful in the clinical treatment of myasthenia gravis
patients.

<29>
Authors
Polman CH. Bertelsmann FW. de Waal R. van Di.emenHA.
Uitdehaag BM. van Loenen AC. Koetsier JC.

Title
4’Aminopyridine is superior to 3,4-diaad.nopyridine in the
treatment of patients with multiple sclerotds.

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

Abstract
OBJECTIVE: To compare the efficacy and toxicity of
4-aminopyridine and 3,4-diaminopyridine 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-diaminopyridine 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-aminopyridine and 3,4-diaminopyridine 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-diaminopyridine were different, and systemic
tolerability was reduced for 3,4-diaminopyridine.
4-Aminopyridine 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-aminopyridine 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 with MS. 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 in patients 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 aminopyridines, 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 in 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 some 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

: 10

effects (paresthesias and abdominal pa~n) .-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-aminopyridine (AP) improves residual deficits in
a$lmemultiple sdermais (W) 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 rig/mland high: 60 to 100 rig/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 ng\ml, and
an acute confusional episode occurred at 114 rig/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 rig/mlshould be avoided.
Concentration-control methodology may be useful in testing
putative treatments for other necrologic diseases.

—-=.---
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<36>
Authors
Polman CH. Bertelsmann FW. van Loenen AC. Koetsier JC.

Title
4-aminopyzidine in the treatment 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-aminopyridine in da~ly doses of up to 0.5
mg/kg of body weight. MAIN OUTCOME MEASURES: Necrologic
functions and symptoms as reported by the patients; side
effects. RESULTS: Twenty of 23 patients who showed a
favorable initial response benefited from long-term
administration. Ambulation and fatigue (each in 13
patients) and visual functiun (~n fiwe’~en’t~ 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 i.n 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-aminopyridine,
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.

P

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

Source 7
Journal of the Neurological Sciences.

G
116(2’ :*0- , 1993

Jun.
Abstract
This study reports on the neurophysiological 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
hclicate that 4-AP induces an ~jective improvement in the
central nervous sys~ 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

6
4-Aminopyridine in ckroni.c spinal cord injury: a
controlled, double-blind, crossover study i.n eight patients
[see comments].

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

Abstract
The potassium channel blocking drug 4-aminopyridine (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 lxmporary 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
increas< motor control and sensory ability below the
injury, 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
duys . 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. Bliqht 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 blockina agent that
enhances nerve conduction through areas of dem~el~nation 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 demyeli,nation.
Vital signs remained stable and only mild side effects were
noted. The 3 patients with incomplete injuries all
demonstrated enhanced volitional EMG interference patterns

_n= and one patient exhibited restored toe movements. The
changes were reversed on drug washout. ‘There were no
changes i.n 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 HA. Polman CH. van Dongen TM. van Loenen AC.
Nauta JJ. Taphoorn MJ. van Walbeek HK. Koetsier JC.

Title
The effect of 4-aminopyridine on clinical signs in multiple
sclerosis: a randomized, placebo-controlled, double-blind,
cross-over study.

Source
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
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
peroxidation inhibitors, free radical scavengers, opiate
receptor blockers, NMDA receptor blockers, calcium channel
blockers, inhibitors of arachidonic acid metabolism, and
protease inhibitors. 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. Monosialic
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
optimal treatment dose, timing, and duration over a range
of injury severities, in comparison and combination with
methylprednisolone. 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.

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@,,~mprovements
for two consecutive doses of *AP lasted a me~ of 7.&F
hours (83% of the average 8.53-hwr tr~~t-observation
~riod) compared with 2.36 houxs @or plac&bt,[25%”of~
average A06-hOur treatment-observation period). No serious
side effects occurred. 4-AP is a promising druq 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
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.ndlimb 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 valid, if
limited approach to therapeutic intervention in chronic
paraplegia and paraparesi.s.

<!52>
Authors

Wi.seman EJ. Jarvik LF.
Title

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

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

Abstract
Many 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
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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 blockar,
r~orws conduction in blocked, demyelinated animal nerve.

?
II% administration to multiple sclerosis (MS) patients
produces transient neurological improve~. Vision
iqroves 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
c?ccurred. No s@nificant changes were. obskrved. in 5“ XS
patients givem placebo. Ue conclude that orally
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.
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4-Aminopyridine in Multiple Sclerosis

4-aminopyridine (4-AP), a blocker of potassium channels, prolongs the duration of nerve action
potentials, and improves conduction in demyelinated axons.

American and European studies over the last 6 years have confirmed its efficacy in the symptomatic
treatment of MS related fatigue, muscle weakness, and the heat sensitivity experienced by MS patients.
Our Center has treated over 200 patients using short-acting orally administered doses as needed or 3 to 4
times daily. Side effects have been minimal.

This compound is not yet FDA approved for general use, but can be prescribed by our Center.

Contact:
1-713-798-7707
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.ql

/.;, . ..

t. ●“Cmnnwnts to ~
,: .>!

.-. “Y/k.: +# URLhtlp:/%wv.lwm.tmc.eduheurOb’in&xhterd

lofl 4i29i98 4:38 PM



CLINICAL RESEARCH A

+,b 4-Aminopyr idine Improves Pulmonary

RTICLES

Function

in Quadriplegic Humans with Longstanding

Spinal Cord Injury

Jack I-.Sega[,M. D., FACR FCR and She~ R. Brunnemann, B.S.

Study Objective. To test the hypothesis that +-aminop@dine (4-AP) might

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

Design. Balanced. open-label study w-ith subjects consecutively enrolled.

Setting. Spinal Cord Inju~ Semite, 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 gi~~ena single dose of 4-AP 10 mg orally in

an immediate-release formulation.

Measurements and Main Results. Significant increases in mean values of
forced expiatory volume in 1 second (FEV1), forced vital capacity (WC),
maximal inspiratory pressure (MI P), and maximal expiratov pressure
(MEP) that persisted for at least 12 hours were demonstrated In

quadriplegic patients beginning 6 hours after 4-AP administration. Tests of
pulmomry function that demorwrated statistically significant increases at
any time were also numerically, if not statistically, increased at 24 hours

compared with pretreatment values obtained in 4-AP-naive subjects.

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

formulation of +-AP to humans with longstanding, traumatic quadtiplegia
is associated with sustained, clinically meaningful, and statistically_—. -— —. ———.—.- .+. ”.——..

-~gnlflcan~~m-efis~ monary function. We suggest that the
__ ——-— —.... -————.-

‘a-dYiiiiiis~~4-AP may have a salutary effect in patients suffering from

SC I and appears to be associated w~.ti ..w.LmLially.&linicall_.— —— _ y significant
<:ductions in the pathophysiologic pulmonary sequelae of SCI. ““—

(Pharmacother~~~1~l~3-z3~-––-—-——~

From che Medmne Semce (Dr. Segal) and Research Semce
(W Brunnemam). Deparrmeru of ~’eteram~ Affairs Medical
Center, Long Beach. Cahfomla: and he College of !vfechcrne.
LimverwrvofCalifomu,Irene,CWomu (Dr. %g?~).

Supported by the Cail[ornla Paralyzed ~e~er3ns
.issoclauon. the Eastern Paralyzed ~“e[erans .Assocla[lon.
and the Paralyzed \“e[erans 0[ America

Presen[edasan abstrac[ IL [he 42nd ~nnual conference of
[he ,Amencm Parapiegla %c;et~, >e~(ember 3-5. !o~b. h>

Impaired pulmonary function is a
pathophysiologic sequels of cetical spinal cord
injuq. SCI). Spirometry and static lung volumes
and capacities are altered at the time of injury.’
Diminished respiratory muscle strength causes
decreases In maximal expiatory pressure (MEP)
and maximal lnspiratory pressure (MIP) and
contributes LOthe morbidity and mortallt; of
both the acute and chronic phase of inju~. ‘-j .~
resmlc[l’;e defec~ In pulmona~ function caused
by paraivsls of the muscles of respiration
predom!~,ates during the period of spinal shock
and pe~slsts throughou[ the lifetime of the
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Table1. PatientCharactctis[ics

lnju~ Age Height Weight
Gender Inyq Level’ Durauon (yrs) (>TS) (cm) (kg)

M C%j incomplete 8 46 172.7 69.6
M Cj incomplete 26 45 190.5 100.0
M Cl incomplete 9 38 175.3 69.1
F C= incomplete 13 29 157.5
M

47.7
C; recomplete 28 60 181.6 65.9

M CS+ recomplete 33 180.3 81.8
M C&j recomplete : 28 177.8 70.5
M & recomplete 10 --, 180.3 78.6
F Lj complete l-l ;: 163.8 54.6
M CW complete 26 44 175.3 90.9
M C= complete 3 26 185.+ 8+.1

Mean * SD 14*9 40:12 176.+z 9.3 73.9* 15.3

hf TI.-LIincomplete 39 61 182.9
34

104.6
L14 incomplete 4 53 172.7 80.9

F T&$ incomplete 14 41 160.0 52.3
M Teincomplete 9 59 182.9 90.0
M T&g incomplete 8 36 1702
M

79.6
TH complete 6 42 170.2 55.9

Mean * SD 13 * 13 49* lC 1731 t 8.- 77,2 t NO
‘.+mcncan Splml Injury .%socutiodtntemanonal Medical SocIery of Paraplegia crucm ‘

sut%vor 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 ventilato~
assistance or phrenic pacing can become,
arguably, the most debilitating and resource-
consuming therapeutic interventions. s 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 that
traverse the anatomical site of injury are
preserved, but become demyelinated and
non functional. a Thus, a clinically significant,
potennally reversible conduction block causing
paralysis of the muscles of respiration can occur
as a result of injury.

4-Aminopvridine (4-AP) is a po[assium
channel blocker capable of enhancing the
propaganon of acnon potentials in demyelinated
neurons. IL has been shown to facilitate the
conduc:lon of impulses within the damaged
spinal cord of humans and animals ‘-ij Th:s
capablll[v has been associated wILh modes[
Improvements In elecmophysiologc variables and
clinically e~-ident Improvement in necrologic and

sensorimotor function. g ‘L I’ Because of the
unique, potentially beneficial pharmacologic
properties exhibited by 4-.4FlL5 we initiated this
study to test the hypothesis that 4-AP might
cause similar, salutary 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 SCI for more
than 1 year’s duration (chronic SCI) volunteered
for this study and were consecutively enrolled.
They consisted of 11 quadriplegic patients (age
and injury duration, 40 t 12 years, and 14 * 9
years, respectively) and 6 paraplegic patien~ (age
and injury duration, 49 ~ 10 years, and 13 t 13
years, respectively) (Table 1). One paraplegic
and three quadriplegic patients were
neurologically complete (.American SpinaI Injury
Association/International Medical Society of
Paraplegia cri~eria). ‘b Absolute contraindications
LOparticipation in this swdy included a history
of seizures or epilepsy, or of an abnormal
electroencephalogram: recreational drug use.
including ethanol: treatment WILI-Ibronchodilators.
or antic holineryc (,atroplnlc; or antihlstamlnlc
drugs. or pre-g-tancy. or inadequate or unverifiable
conLraceptlve measures P2uepts resumed [nelr
usual sleep-wake cvcle. le~-ei oi func[lon. ea[lng,
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patterns, and daiI~ activities nor sooner than 3
-hours after Ingesting a single dose of the study-

‘drug. All studies were initiated following an
overnight [as; and at the same time of day to
minimize the influence of diet and circadian
variability, respectively. Ins~itutional review
board approva: and the written informed consent
of each pat-riclpant were obtained.

f’- .4fter pretreatment pulmona~ function [ests

J’
were perfon-ned. e<ach subiect ingested 10 mg of

/+’

. crystalline +.\P (lot t#P96-23&3: Regis Chemical
C~n Grove, [L’I ~ncapsu[ated~~h

<lactose in an immediate-release formulation.

J

-..
Pretreatment and follow-up pulmona~ function
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 Hyatt.: }[easuremen[s of

forced
forced

Scgai and Brunnemann

expira[o~ volume in
vital capacity- (FVC),

ME? and MIP ‘were” obtained
followed for 24 hours using
strate~.

Statistical .+nalyses

1

417

second (FEV1),
FE\’l:FVC ratio,
in rriplicare and
a sampling-rich

The norrna[i~ of the underl}ting distributions
was tested using D“.4gostino’s robust D [est, and
tests of the significance of the differences
bemveen the means of continuous variables were
carried out using repeated measures (randomized
block) analysis of variance (ANOVA) or an
appropriate nonparametnc analysis based on the
x? test, The strength of association between
inju~ level and pulmonary function tests was
assessed using ttvo-variable linear regression
analysis. A probability (p value) below 0.05 was
required to assign statistical significance to the

A
M Oudnpkglc

B
Pa0sf2kf)k

cm,

so.

4.0.

~

2
an.

Lo.

1,0.
*,-. t

ran

.’n

.20

I u

Ian I



418 PI-L4RWCOTHER4PY Volume 17, Nurnkr 3, 1997

Table 2. Spiromet~, MEP, and MIP: A Comparison of predic~ed, Pretreatment, and Maximum Values in 17 Patients with
Chronic SCl

Predicted Pretreatment MaximumC Predicted Pretrea[mem Maximumc Pretreatment
lnp~ Level/Gender FEVIS (L) FEV, (L) FEVI (L) FvCb (L) FvC (L) WC (L) !vtEP (cm H20)

Qj Incompletdhl 3.65 2.06 2.85 4.56 2.53 3.20 +800
C5 tncompletdkl 4.48 2.79 3.95 5.59 4,45 5.30 40,67
Cl mcompiew?d 3.99 1.45 2.05 4,91 2.27 2.63 ~} ~~

CM mcompletfi 2.86 1,s2 1.08 3.41 19+ 2.16 36.33
C; mcompletfi 3,55 2.98 3.16 4.55 2.89 349 8900
CH mccmpletfi 4.36 299 322 5.32 3.60 4.13 ~~,~~

Q> mcompietdbl 4.36 2.8 3.36 527 2.67 3,50 +6 67
Q- recomplete/M 3.61 3.74 3.86 4.60 4.50 4.64 104 Xl
Lj compiete/F 2.99 078 0.99 3,60 1.19 1.35 20.33
C= completfi 3.82 1.19 1.+6 4.76 1.61 1.91 43.67
C= complew?ki 4.79 1.36 1.51 5.77 1.08 1.26 108.CXI

T12-LI incomplete/%t 3.56 2.29 2.+2 4.57 2.88 3.03
LZ4mcomplet~ 3.44 2.73

5533
2.77 4.35 2.94 3.14 76.(Y2

T~5 mcompletti 2.69 2.27 2.51 3.30 2,80 2.96 60.33
T8incompletti 3.64 3.02 3.03 4.65 3.50 3.66 90,33
T&Omcompietdkl 3.81 3.07 3.44 4.68 369 3.70 75.00
TM compIeuYM 3.66 2.57 2.69 4,54 3,~o 3.43 88.00

%fak FEVI = Htil5+1 -4.06x 10]age.6.14x 10”’age:),femalesF~l = Hf:il.322-4.06x 10’age-6.14x IV’age:).American
Thorac]c Xmety ‘:
b?vlales ~’C = Ht2(l.75 - 1 35 x 10+ age - 1.01 x lV age:). femak FFC = Htl(l 463 - i.35 x 10A age - 1 01 x 104 age~) .Amencan Thoraclc
Sooem -
~ 05,precrea[men[ vs ma.mmum

difference between means or medians. Mean data
are expressed as the mean * 1 standard deviation
unless otherwise 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). 1; Standard nonlinear equations
were used to predict FEV 1 and FVC as a function
of chronologic age, height, and gender. 17

Results

Statistically significant increases in mean FEVl
and FVC were demonstrated in all 11
quadriplegic patients beginning 6 hours after the
administration of a single 10-mg dose of an
immediate-release formulation of 4-AI? Each of
the sca[istically significant increases in
spirometrv also met the published ATS
percentage criteria for defining clinical utility or a
clinically meaningful pharmacologic response
(Table 2). Increases in FEVI and FVC (Figure 1)
meeung ATS cntena persisted for 12 hours after
dose administration. The FEVl:FVC ra[io dld
no[ change appreciable from pretreatment In
patients with quadrlpleg~a. In contrast [o
pretrearrnen[ values. mem ME? and MIP reached
a maximum a[ 10 and S hours, respecllreiv.
followtng 4-.4P administration. 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 13% 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 berween
changes in spirometry, MEP, MIP. and the
independent variable injury level were
demonstrated in patients with SCl prior to and
following 4-.4P administration. Significant
associations with correlation coefficients (r
values) greater than 0.82 (p< O.@2) u“ere
demonstrated followlng treatment ulth -I-.4P
when percentage increase m MEP and change m
FEVI as a perlenca:e of FE\’: predlctec! ‘~ere
regressed ~galn~[ [he cord level of )n)u~l In

quadriplegic patients ~~i~h Incompie[e :njur+
Figure 3 In this same group of pa[len[s. “r
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Table 2. (continued)

A ~l=lmumc Pre[rea[menl M&\~mumc
.-—

“4EP (cm HzO) MIP (-cm H1O) MIP t-cm HzO)

98,00 6567 65.00
9900
56.33
+5,00
81.00
+1.33
8367
107.00
25.00
68.00
101.33

79,00
73,33
70.33

119.67
98.00
10500

5233
~i 33
6C17
6; +0
O< 67
6533
8600
+ 67

62.33
6L 00

3567
42,67
6500
7883
5267
61.33

107.00
6367
@$6;

:+00
9~,~~

S3.67
1$6,67
5500
92.50
56.67

5+.67
@9.33
80.67
ldl.50
6567
6+.33

values greater than O 72 were calculated for the
association ber.veen injury level and FE\’l or the
percentage change in measured FE\”l. Among all
quadriplegic patients, significant associations
with r values greater than or equal to 0.71 were
observed between percentage increase in MEP or

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

NO statistically significant changes over
pretreatment spirometry, MEP, or MIP were
obsetwed among paraplegic patients followed for
2+ hours after ingesting 4-AP. Moreover,
pretreatment pulmonary function testing could
not distinguish paraplegic from quadriplegic
subjects, statistically, aIthough numerical
differences suggestive of trends were noted
(Table 2). Pretreatment spiromet~ (WC, FEV1)
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 population in whom the
consistent lack of response and an overall flat
response curve to J-.AR suppor~ [he absence of
any change in pulrnonan’ function attnbu~able to
a “leamlng effect. ” .+.11pa,[len~ uILF, cen-teal SC]

=aquadnplegia! were readily distlngu~hable from
+a[lenx w~[h thoracolumbar mjun paraplegia
w-hen ume (hours ! to attain maxlmurn Yalues of

IN SCI Segal and Brunnemartn 419

F~l. WC, MEP and MIP was compared beLwmn
groups (p< O.os). [n contrast to quacfriplegk

patients. significant linear correlations between
injury level and MEE MIF or spirometry were not
observed in patients with paraplegia.

Discussion

The results of this study clearly support, the
conclusion that 4-.4P appears to improve
pulmonary function in patients with quadnplegia.
Subsequent to the administration of 4-AP,

A

b\\
$ m

—d+—
m-rJ

20 . ..—

10

-a

0

a. ,*

Figure 2. (PanelA) The rime-course profdes of ~he mean
percemage change in maximal expiatory pressure (MEP)
foliowrng che admmiscra[ion of 4-AP [o all quadriplegic
pa[ierm (M) or quadnple~c patients wr[h incomplete inpmy
(A) are superimposed on the same axes. Patients wiLh
recomplete tnjury demonstrated a greater response to +-AP
at each urne pcnnt. Differences between cutwe maxima al 10
houm were smjstically slgnif]cant as were the differences
be[ween [he maxlmurn value and pre[reaLmerrt value of
MEP. (Panel B) Mean percentage change with ume In

maximal ]nspwatorv pressure (MIP) corn-pared wlch Lhe
pretreatment value IS conuas[ed between aIl quadnpieglc
pa[lenu ,~) and !ncomplete (A) cerwcal cord ln]u~
Ma.mmum increases m neganvepressure and the magnimde
of [hechangesInMIP In general. were less than those
observed :n ME? A jtaLIS:lca\ly slgn]flcan[ p<~ d5’
difference kmeen VIP prerexrnent and It tie :lme when
[he max: mum ci-r~rrge [n \f:P occurred 18 hrs Ua?
demonsuated m patlen-& m-ith mcompiele auadnpiegra

i

I
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statistically significant. clinically meaningful
responses’: occurred in patients ~’ith
longstanding cervical SCI. For [he fwst time, to
our knowledge, a mechanism-based pharmacologic
intervention has demonstrated efficacy in
enhancing respiratory muscle function and
improtting ventilation mechanics in spinal man.

Spinal cord injury is a de~-astatlng clinical
condition that profoundly affects numerous
organ systems and results in a lifelong
impairment of homeostasis. i&ZO Traditionally,
many of the pharmacologic interventions used in
treating the medical and physiologic
consequences of SC1 have been directed toward
diminishing spasticity and pain, or treating sepsis
and the complications of prolonged immobility
(e. g., pressure ulcers ).z’ The mechanisms
mediating these pathophysiologic sequelae of SCI

are often unknown

199-

or no[ directly amenable to
meatment. 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 Lmpaired
voluntary motor function (paresis). pain. and
spasticity have been accorded priorit~ status in
[he hierarchy of pos[injury residuals to be
targeted for therapeutic intemention. Ho\vever,
[he consequences of a demodulated or failed
autonomic nemous system subsequent to SCI1a
l&~+may underlie or mediate any or all of these
impairmen~ and comorbidities,

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

A All SCI iB incomplete Quadriplegic

r.06M9

p ● L1.m m . 8

100

YJ r = 0..%246
p =0.012

0

Injury Level Injury Level

c Incomplete Quadriplegic

Gmcal, CuwAl,

Injury Level

D All Scl

o

i /+’ A
AA

A r v 0,7?.25

p=omm
+. +

Lumbar, c~
Injury Level
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and frequendy devoid of easily demonstrable or
well-recognized physical signs or symptoms,

‘z-’overt pathophysioiogic 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 cardiopulmonary
function.~5 hemod?mamic instability (autonomic
dysreflexia),zJ dysregulation of involuntary motor
function (e.g.. altered gastrointestinal motiiity~~),
impaired respiratory function,~ ‘ 5 and cardiac
dysrhythmia,2b 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
previously have been demonstrated in patients
with SCI as have correlations between spirometry

‘—-m static lung volumes and injury level.’ ‘ 527 The..

results of this study confirm these findings and
support the conclusion that 4-AP is an effective
drug treatment that improves pulmonary
function subsequent to SC1.

We believe that our findings of increases in
spirometry and enhanced respiratory muscle
function in patients with quadriplegic are
atrnbutable to the pharmacologic actions of 4-AP.
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 significan~
both in terms of statistical and ATS criteria. i-
The persistence of :1-t‘se changes in spiromet~
for up to 12 hours altcr a single 10-mg dose was
unanticipated and has not previously been
demonstrated. And although +-AP has been
shown to reduce spasticity in skeletal muscle.
dlrec~ effects on bron~hial smooth muscle or
small alwav reac:,+~n to challenge has not been
reported “ ‘5——-.

Recen[ studies of the pharmscoklnetlc
beha~-~or of A.\p In spinal man hs~”e

demonstrated evlcitnce of ente~osvs[en-il<

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.l+ These SCI
population-specific changes in 4-AP drug
disposition kinetics could also provide an
explanatmn for the increase in time to onset of
peak drug activity and the prolonged 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 greates[ percentage increase or return toward
normal respiratory function was seen in
incomplete quadriplegic patients who had the
highest necrologic level of injury We interpre[
this obsemation to suggest that the amount of
potentially restorable pulmonary and/or
necrologic function is not necessarily dictated by
the clinically assessed injury leveI 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 berween injury level and
FEV1 in quadriplegic patients naive to 4-AP was
derived from a simpIe linear equation that allows
injury level to be predicted from pretreatment
,FEVL, or FEV1 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 vat-k 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
measurements of percentage or absolute changes
in spirome[ry, MEP, or MIP fo]lo~ng therapy
with -1-.+P were identified in this study. These
relationships can help to identify patients v~ith
SCI who are likeIy to demonstrate the 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 wvth reasonable
certaln~. an accurs*e!y characterued inju~ level
In a quaarlplegic patient suffering from an
lncompie:e injury can be used to predict the
ma~~ltuce of [he change m pulmonam func[ion
[O be e~~ected from a Single ld-mg dose of +-.%P
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(Figure 3). Ultimately, all of this information can
be incorporated into SCI population-specific
models chat 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-AR is dependent on
a technique that employs lowering core body
temperature to elicit changes in the patterns and
magnitude of evoked potentials. n Response to a

single dose of 4-AP may offer a useful alternative
method of investigation and classification.

Changes in the FEVl:FVC ratio following
treatment were not observed suggesting that a
proponional increase in both measurements had
occumed (Table 2). The changes in spirometry
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 that we believe is greater
and more confounding in individuals with
paraplegia than in those with cervical cord injury
While mean values for FEVl, FVC, MI~ and hfEP
were numerically lower in quadriplegic patients
than in paraplegic patients, and much lower in
SCI 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 trends have been
described by other authors and appear to
distinguish paraplegic patients, even those with
injury level below T12, from the able bodied.l 2;
Impaired pulmonary function and altered
ventila[on rnechanlcs have been observed in low

paraplegia even ,when the inju~ w-as well below
the efferent outflow to muscles of respiration.
These changes have been attributed to
deafferen~tlon and loss of propnoceptive input
from anatomically dismri[ structures or organs
below the ln]u~ level thax generate senso~ cues

integral to maintaining respiratory function and
cardiopulmonan homeostasis. ~q

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 S41P increased in all quadriplegic patients
irrespective of the completeness of the injury, and
a strong positive correlation between percentage
increase in MEP and injury level was seen (Figure
3). .4nalogous to the changes we observed in
spirometry, the largest increase in MEP or MIP
occurred in 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 correlate highly with
changes in the mechanical force exerted by [he
muscles of respiration and are used as measures
of respiratory muscle strength. As such, MIPand
MEP are most reflective of the restrictive
pulmonary disease caused by respiratory muscle
paralysis subsequent to SCI.J Because 65% of the
inspiratory increase in lung volume in the able
bodied and as much as 90% of r.idal volume in
quadriplegic patients are dependent on the
strength of contraction of the diaphragm,n 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-AP 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 neuroneuronai 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 with
longstanding, traumatic quadriplegic was
associated with a sustained, clinically meaningful
treatment effect and a statistically significant
improvement in respiratory function.

We suggest that the administration of 4-.AP
should ha~’e ~ salu~ry effect in [hese patients and
tha[ IK value as a pharmacologic intervenuon
will be demonstrated through clinic ail\-
slgnlflcan[ rec!uc~lons in the pathophysiolog]c
pulrnonam sequelae of SC1.
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Orally
23 Improves

Administered 4-Aminopyridine
ClinicalSignsinMultiple Sclerosis

Floyd A. Davis, LfD, Dusan Scefoski, MD, and Jean Rush, IUW,MSN

4- Aminopyridine (4AP), a potassium channel blocker. restores conduction in blocked, deweiinar~ * nefve. Iu
adminisuationco multiple sclerosis (MS) paciencs produces transient neurological improvements. Vision improves der
either oral or inuavenous adminisuarion.Wheramotorfunecimimprovementh=bn re.pofi~O~Yw~*tie~er.
Toassessfurtherits pocemiai as a praccical symptomatic crearmenq we studied the efficacy O( single, or~ d= of ~AP
on both visual and motor signs in MS. Twenty temperacumsensitive male LMSpatients were given either !0 co 25 mg o(
4-AP or identically appearing Iaccose pkscebo capsules. Scacic quancicacive perimewy, critical Hicker- Fusion, visu.aJ

acuicy,visual evoked potentials, and vidmcaped neurological ewninariom wem motiror~. Au of 15 ~fs p~iencs
given 4-AP mildly COmarkedly improved. Motor funccions (power, coordination, gait) improved in 9 o~ 13 invoived,
vision in I I of 13, and oculomotor funccions in 1 of 2. improvements developed gradually at d- as ~OWa-s 10 mg,
usually beginning within 60 minutes after drug adminisuaciom and revemed gdudh over 4 co 7 hOUKS.-N-O=rious
adverse effeccs occurred. No significant changes were observed in 5 MS patients given placebo. We conclude chat
orally administered 4-APproduces clinically icnporcanc improvements in mdtiple, chronic deficiu in MS. F@r
studies are warranted co as= efficacy and safety of prolonged administration.

Davis FA, Srefoski D, Rush J. Orally dninisceced 4-Aminopyridine irnprov= clinical signs
in multiple sclerosis. Ann Neuroi 19%2-: 186-192

Computer simulation studies indicate char conduction
block in demyelinated axons is due to a critical de-
cre= in action current char results from ics wasteful

shore-circuiting ch.rough bare axonal incemodes [1}. A
strategyfor developing a sympcomacic cherapv in mul-
tiple sclerosis (iMS) would be co accempc co restore
conduction in blocked demyelinaced axons by increu-
ing action currenc [2-51. Dcugs char increase. action
pocenciai duration either by inhibiting sodium channe!
inactivation or potassium channel acrivtion, or both,
increase accion currenc and would be expected co re-
s[ore conduction in biocked demyelinxed nerve [6).
4-Aminopyndine (4-AP), a blocker of K- channel
accivacion [-}, prolongs nerve action potentials and, as
predicted, restores conduction in blocked demyelin-
aced nerves in animals {8- 11]. Orally administered

4-AP has also been shown co improve vision but nor

motor funccion in MS paciencs by Jones and mociates

[12}, and we subsequenciy reported char incravenom
4-AP improves motor and oculornoror as well u visual

deiicics in MS[13}. The purpose of this scudv is to

imess further rhe efficxy and safety of oral singJe-dose
-LAP and also co determine if proionged cherape. uc

cnah are warranted.

,+s in rhe previous investigations wirh 4-AP, ce.m-
pemure-sensirive parients [14, 151 Were je!ecred ‘x-
cause they ace also expecred to be VC.7 sensluveto

1

pharmacological conduction modifiers :6, 15]. The

number of LMSpariencs who are cemperacce sensiave

is substantial. Malhorcaand Goren [:61 obs.med
worsening during induced hypertherrnia hoc-bath rest)
in 17 of 20 LMSpaciencs (85VC). Simons 11-1 reporred

chat 627c of patients with LMSbecame w=!! when they
were exposed co heat.

Methods
Pnstocoland PatientAmtvsrnent
Twenty remperacure-sensirive male W paue=cs u-. re evalu-
ated before and after omi uhh-iiscracion ,>fe:ner ~-AP12.5-
and 5-mg capsules) or identically appearing ~-rose placebo
Their ages tanged from 25 co 48 years (rned~n. 5L5 ]. 4-AP
was purchased from Regis ChemIcai Cmzpy Mor-ron
Grove, IL), and 4-AP and placebo were formiacec mro c3p-
suies by our hospital pharmacy. The 10- ro 2; -mg ~ose range
was syscemacically expiored according co I descending-
ascending schedule, with individual total dosfi OF25, 20, 15.
12.5, and 10 mg (Table 1). The dose range w-- based in parr
on our previous experiences with intravenous Mmnisrracion
of 4-AP [151. 4-AP was acirm-k=ci OI=IM’= J de Jose
excepc u-r3 pauencs. who recewed mubie l:ses >~ec50 !O

90 minutes. Pmencs ~ere riot toid whe:k ine: :ecelve~

4-AP or placebo: 15 received +-AP .mi 5 :e:s:ve~ ?i.scebo
They were lti”ocrnedOFpowbie -1-APsiw t~-ecx. .m! “- -
paresches[=, wtuch cornmoniv occur [ i 2. I }~. jut tie ke-
quency of occumence Wm nor discuswi Tr.e- ~e:: fio [oi~
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Tab& 1, SunrrnaqojResu[tj 0[ Ora! $Ansinopyridine and PlaceboAdnrintj[ratton to .MS PJ:IenrJ

-~. Total Dose Motor Oculomoror
P: Agem (mg) Function Vision Funcuon \TP Side E+-ecrs Ner Effecr

1 4-AP

2 4-AP

3 4-AP

4 4-AP

5 4-AP

6 4-AP
7 Placebo

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

o
3+

3+

o 0

2+ o

0
3+

3+

I-

5+ ~-

0 0

0
0 0

P,D

r)

D

P,D

D

P,D
N

D
~

)’ D
y N
x N

x N

Y P,D

Y P,D

x N

Y N

x N

x N

x N

Y
Y
Y
Y
Y

Y
s

Y
Y
Y
N
Y
Y
Y
Y
Y
Y
N
N
N

AP = aminopysidine; VEP = visual evoked potenod O = no improvernenc1- = mildumprowmenr:?+ = Modcfic~provcmenr.jA =
markedimprovement; P = paresrhesusIrransien~mild); D = duziness ador I@rheadedness a-m.went,mild); Y = impmvemencN = no
c-. Blankspacesudcarethatresnogwasnoc performed because of lackoi sut%aenrresrmgrime oc chastimcrionwas nornsaior nor
te~ruresensitie,

rhat placebo, ahhough inactive, might be associated with
sirnik side effects. Only one of the investigators (D.S.),
whox role was largely superviso~ during the testing, was
aware of the nature of the agem administered and the dose
dwdule. The other invescigarors (F.A.D., who graded rhe
vid~m,ped neurological examinations N’NE], md J.R ) were
blinded except dursng an initial pilot series of rhe first 4
parienrs, who were all given 4-AP (Table 1, Patients 1-4).

While overall neurological sw was examined, resting
focused on remperarure-sensitive, functionally rejevanr defi-
cits. Each pacienr’sserially recorded videotapes were graded
during a single session co facdirxe comparisons and were
raced on a scale of O to 6 (Table 2), reflecung rhe range be-
mveen normal function (grade O)and severe deficir (grade 6).
Motor improvements of 2 grades were considered signdicam
and were ratedas 1+ Three gradesand greaterimprove-

mentswere rar&jaS2+ and 3+ ,respectively.

Criticalflicker-kenfrequencv(CFF) was [escec!mon-

ocularlywi”1 a Grass model HPS-2-T3 phoro-snmuiaror
(Quincy, MA) [1 3]. Visual acuiry (VA) was assessed monoc-
uMy by de~ermining the rrunimum resolvable separation of
Wo vertical Oscilloscope n-aces [ 1j]. The results from SK
ti were averaged for CFF and for VA. Visual unprove-

menrs, as measured bv CFF and ~’~. were assessed as 1-
when rhe posrdose increase wx i 5 ro 30c7 of cke preaose
vaJ.L7 - for a 31 [045&C mcrea5e.and j- foran increase~. ‘-

rhan 45~f
*QWJfield exanmnailons were c~qed our on I Goiurnann

Perunerer940-ST Haag-%rel: .+G. Bern, Swrze@xi I M-
b standard tec~ruquesfor suuc quanara,uve pe.wem \’i-
$d evoked po[end ~\’Eps I were recorded with a Nlcoie:

n

TuM 2. Vi&tap Rating

Grade Funcnon

o Normal
1 Bemeen normal function and mild deficit, dys-

function is revealed only on very tsorough test-
ing it is often fleeting and nor noticeable to tie
parienr

2 Mild deha~ detectable on rouune testing of a
spxific Funcnon; it odv minhmdv alrers the pa-
uenc’s performance in carryusg our a gjven rask

3 .Mild co mcxlerare deficit. readily demonstmbie on
tesnng ir mddly but nouceablv altem a speciiic
funcoon

4 Moderare de!kic: the spedc function can only be
@y execuced by he panem

5 Moderate m severe deficic the patient can oniy
ml~ !:v perim-m the given task at a husc-
tIona& weti level

6 Severe detiut: the spsdc neurological function is
nearh- o: comp[erely akdished and seines no
s~cxit funcnonal use



normal P- 100 Iarency values for our laboratory are 111.j-l
msec for full-held and 114.92 msec for ceno-ai-field surnula-
rion, each represenrmg a mean plus ? srandarddevianons.
P- lCO Iarencies were measured wIrh I mzuwallv adjustable
electronic cursor, and wave amplitudes were mezsured
@-co-peak kween N-1 and P-1oo.”Vital signs, including
MY remperarure, elecmxudiogmm, elecrroencephaio-
gram, cornpiete blood count, and serum biochetirnes
(SMA- 18), were mon.iored incermirrenrlv in all patients.

Patient Sebhion
Pwiencs were seltxred from rhe Rush Mulripie Sderosfi
Center ~Rush-Presbyterian-St. Luke”s Medical Center) us-
ing the following criceriz a definite diagnosis of ,MS:male,
not older rhan 47 yea-s; no hixory of cardiac, pulmonaIY,
heparic, renal, or ocher systemic disease; and a posiuve bs-
tory for rhe presence of neurological signs char revembly
worsen with hyperrhermia only men were srudied in com-
pliance wirh Food and Dmg Administration restrictions. This
srudy was approved by our insrirurion’s Hu.Tan [nvesrsganon
Commirree and all parienrs signed informed consent forms.

Results
iMi.ld to marked improvements occurred in ail of che

15 MS par.ienrs given 4-AP.Motorfunctionsimproved

in 9 of 13 involved, vision in 11 of 13, and oculomoror

fiction in 1 of 2. L-nprovemenrs developed gradudlv
wirh doses as low as 10 mg 4-AP, usually beginning

within 60 minures afrer drug adminisrrarion, and re-
versed gradually over 4 co 7 hours. No signdicant

changes or side effem occurred in the 5 pacienrs who
received placebo (see Table I).

Mo[or funcciom improved most scrikin~y with re-
spect co power and coordination. All limb muscle
groups appeared susceptible. These improvements
were apparent wirh both simple funcuon resrs and rhe

performance of complex motor u.sks such as gait and

repetitive movemems.

Figure 1 shows improvement in tie abiiiry to raise

rhe arms againsr gmviry afrer receiving 20 mg 4-H in

a 38-year-old ,MS pacienc (see Table 1, Parienr 1) with

a moderare-c~severe quadriparesis caused by spinal

cord involvement. The peak effect lasted 1.5 hours
and rhe pariem rempaarilv regained the abiliry to ked

himself. Reversal occurred about 6 hours afrer drug

adrninisrracion.
In asymmerricdlv affecwd limbs, irnprovemenrs

wIrh 4-AP were ofren gremer in rhe limb that was less

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

provements were some~ames obsemed in sirrukiy

atYecred limbs. Improvements often rewdred in sl-gmb-

cam funcnonal gains. Pmen[s usua.ilv noticed rhe Lm-
provemenrs M they were occurring bur somemzes

konlv as : ev were =e3ririg OK Less cornrnordv, paaencs
were elrher not sure of Jocumenrel w.prwe.menu or
noted some bur nor cxhers.

Visu.i mprove.~.enrs oc~tireti ;n 1! >i 1~ >actgu
wno recewe.j 4-.+? and m none oi iqe placebc ccctxl

:

,.
>.
:.
:

:

B

4

1
-.

c

Fig 1. Videotapeframw ~f arm-raising zb:iity after .25 mg -i-
,4P admtntstra[ion in an tMSpat:ent ur[h ~ewrequ~’n.twesxs
ioustd +, ,,Dlnai cordxnroimrnenr Before4-AP (A. - hours
lf?er i-. +P B,, A 6 hours ufier 4-AF CJ. Improzewrrr :~
morrpmnwnced’m [he lessi.zfftcrtdright upper wrm:r, B,
Rtwrwi zc.v~ ioo~~ m rbe more;eereij ~.fi>c:ed!<tii r-m~C.



sbtecrs. Patients wnose visual rests unproved afrer 4-
M*rtistracion =-tre also generall}- aware of an im-

F“ ‘merit in vision. Figure 2 illustrates improvement
01 .-. (-eve CFF from 23 Hz to 40 Hz 1.5 hours after
10 mg 4-.4P in a +2-year+ld MS patient with optic

neuropathy (see Table 1, Patient 10). Xormal subjects

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

ro baseline occurred by -.5 hours after drug adrninis-

mrion. Transient nuki lightheadedness was reporred.
FuI1-fieId (FF) anti central-field (CF VEP tests were

recorded in 11 paciencs (? 4-APartd~placebo)before
andafterrhedose.We comparedtracingspredose
(tieO)andpowdoseatabout2 how-s, when clinical

changes were usually apparent (Table 3).
Allpatients had abnormal predose FF and CF VEPS.

The latter were often more severely &ecred, and in 3

paients some Iarencies could nor be determined be-
cause of waveform distortions (see Tabie 3). In 1 pa-
tient (Paaem 10) data storage dificulry precluded

FXX-4-AP amplirude measurements. buc bilateral in-
creases were apparent on direc[observation for all 4

respotxes.

Larencies improved in rhe 4-AP-Kreated group. The
mean postdose P-1(X3 latency change for FF and CF

VEPS combined was a 5.40-msec decrease in the 4-AP

T?— 1. Visuaf Ero&d Potentiah

40
}

I
‘t

I

\
4-W VW

IOfalIlO$e
4
I I I I I I I I

1 2 34 5 6 7

WI@ OUrSl

Fig 2. lmprvwnwr in mricai~wkw{n~ion f-+wnq ajkr ad-
ministration of4-AP in an MS putient u’ith hf~ optic nertt
inz’ofwmenr.

Full Field Central Field

P-1OOIxency Amplitude P-100 tiency Ampiirude
(m.=) (pv) (msec) (WV)

Panem Agenr Time (hr) Lefr Righ[ Left Right Lefi R.ighr Left I@.hr

4-M

Piacebo

4-AP

-LAP

4-AP

4-AP

4-AP

~-AP

Place!x

Piacebo

Pke’bc

—.
‘%mo%

“Po$raok

0’ 126.5
2.3b 126.0

o’ 153.5
2,4b 1>4.5

v 142.5
2.2b 141.5

v 13~.o
2.1b 136.0

w 12?.0
?,ob 1240

(Y 150.5
?.ob 13-.0

v i49.5
2.55 150.0
v 145.0
> :@ ,.-
-.. L> 5

o’ i-l?.~
2.0P :42.5

0’ :;2.5
~.$c :j%>
~)’ :~(j,>

; ,)~ :;(1.5

126.0
126.0
1-2.>
1~2.>
1-4.5
17-.5
159.0
1>-.0
12-.0
i22.o
[66.5
159.5
150.0
1500
155.0
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group and a 1.12-msecincrease in the placebo group

(p = 0.019; 2 independent samples, I test). The post-
4-AP CF P-100 Iarencies were decreased by a mean of
6.80 msec, whera with placebo they were increased
by a me-an of 1.75 msec (p = 0.012). The FF P-1OO
lacencies were decreaed by a mean of 2.92 msec in the
4-AP group and increased by a mean of 0.69 msec jn

rhe placebo group(p= 0.055L
P-100 arnptirude changes were much more variable

from patient to pacienc than were rhe Iacencies and

were noc srxixicaily sigficanc. ,Mean increase for

comb@cl FF ma CF amplirude was 0.43pV in rhe 4-

AP group and 0.34 pV in rhe placebo group (p =

0.883). The mean FF P-1OO amplirude change was a

O.10-wV increase in rhe 4-AP group and a decrease of

0.09 AV in rhe placebo group t p = 0.604). The mean
CF P-1OO amplitude change was an incrae in borh
rhe 4-AP and placebo group, by 0.48 pV and 0.18 PV,

respectively (p = 0.54 1).
Employing the criteria of Harnrnond and Wilder

[18] and Persson and Sachs [191, wherein ~[ency

changes of 5 msec or more and amplitude changes of

30% or more ue considered co be signifscanc, 4 of rhe
7 pacienrs who received 4-AP had improvements. The

P-100 Iarencim in these pariencs (see Table 3, Pariencs

10, 14, 15, 1-) showed a decrmse in 12 of 16 (75%)
eye tesrs and an increased amplirude in 6 of 12 (509c)

eye tesrs. These 4 parienrs also had simultaneous 3 +

improvements of CFFand V.+ resring(see Table 1).
The re.ti g 3 parienrs given 4-AP showed either

insigni.ticanc irnprovemenrs, no change, or worsening
of P-1OO lareacies and arnplirudes. Ia comparison,

none of che -i placebo concrol subjects showed any

significant P-100 latency improvements, while ampti-

rude improvements occurred in 3 of 8 f38fic ) eye tesrs

in 2 conrrol subjects (see Table 3, PatienU 18 ~d ~0).
Four Of 7 pacienrs given 4-AP showed improve-

ments in waveform configuration, such as clearer defi-
nition of N-1 and P-100 peaks, as depicted in Figure 3.

This figure illustrates reversible improvements in VEP
latency and waveform after a single dose of 20 mg 4-

AP in a 41 -y~-old iMS parient (see Table 1, Parienr

17) with bila.rera.i optic neuropathy. No side effects
occurred. Values for P-100 Iarencies and sirnulra-

neouslv recorded CFF and VA for this par-ienc are
given in Table 4.

Clinical and elecrrophvsiological improvements with
4-AP occurre~ predominand~- in remperxUre-sensi-
cive systems. In a ~ew patients unprovemencs occurred
in svsrems for wtuch there was no hi.:o~ to suggest
remperaru.re semir.iviry: Parienu 3 m.i 6 Ivision) and

Parie~ 10 ~vulon, LTPl; see Ttile 1.
Ten oi ij ~ents who received +.\P experienced

rrmslent rnk pa.resrheslas or izzmess-h<nrhetied-
ness. or %rh see T&le 1,. ?iresthesim were manly

co ‘he tim ‘out 3.isc LJcc-.med icrotin.gull:.”cormnec

LEFT
Ploo

*&FF “

(Oz-Fe+) 2 ‘ “w

1

v

RIGm
P 100

Fig 3. Reventbk improvemmt in tisual mdttd Polentla[‘VEPI
btemy and wavtjbrm after a singh do~tof20 mg 4-amino/+
dint (AP) in a 41 -year-oti MSpatitnr uilh biLatwd oprtc
ntwe invohment. Verrica/markers indic~te the P-100 ware
kattncik fir VEP-2 traciniq. Lattnq impmewnmt~ wcur !n ail
VEP-2 tracinp. Wavefw imprvvenwtt~ I’VEP-2)are parr:cu-
kady smiling in the centralj%ki (CF) rruin~, when tbe w
4-AP VEPs (1I am barr[ydisctrnibk (VEP-1 ). There i~alro a

marked revtnibh nwmdization of the .~- 1 uat e ‘5M11.ne~tt Ie
abwnward dijk-tion precedingthe majw. po~itivt P-100 u.c-
wurd wave) in the kft fu[l-jieki (FFI VEP-2 wording. Vdza
fw kattncitsand iimuhanmudy mcw&d :ntrcd/lickw-fu~ :on
and vi.rualacuity imprwtments an gimi in Table 4. (2 = ap-
proximately2.33 bout-t after 4-AP~mlnls[ra(ion:3 = J?-
prvximate[y4.33 boun after 4-AP.)

and in rhe scalp. Mild dizziness [noc verrigo) or light-

headedness, or both, occurred at times wirh head-:xxlv
movemenrs. None of these svmproms were disturbing

or interfered wirh rhe experirnenral procedure, and nc

parienrs requested to discontinue the srudv because m
side effecrs. No significant side effects occurred in [he

5 parienrs given placebo.

Discussion

The resulrs demonsuace rhat orxllv adrninisrered -i-AF
acutely improves both motor and visuai abnorrrdiues
in MS pacienrs. Some of che improvements were kge

enough co be of rherapeuric bene!ir md acurred Jr
well-tolerared doses. The posslbie use of oral -i-AP M
a clinical rrearrnenr in MS reqwes Fu-rher jr~cv K

,,
assess Iong-term efficdcy, sai-e~. anc pauenr se!ecuoc
cmerk

While r-he clinicaJ unproveme~rs with 4-AP Ur k-
lieved to be due ro a resrormon oi conducucn ir
biorked, demvelinated neme 5’~:s. ;r !s posslbie :h~:
[he ~bdiry ot_ functioning de.m~-etiri~reti ~~ons :C :2L
d’Ja repe”urive rrains ot unpulses .T.cre Kurbmdv .s Ast
xnprcveci, The CFF umprove--den. t a ::.1 +-.\.? ..7. :L.”

I



“Tab/t 4 Imprvvenwnts Produced/g a Single DoJeof 20 rng4-.4mxnopjnl’int in a 4 I -l ’tar-Old MS Pa[len:a

.e% FF JTP P-1OO CF \_EP P-1OO VA Visual
Latency (msec 1 Ixeacy imsec I CFF (Hz) Angie [‘)“

Tesr Tiie (hr) Left Right I.&k Righ[ Lefr R@ Left Right

1 0 (pre-4-APt 145.0 155.0 Ijj.> 1-3.0 18.3 15.0 4.3 3.3
~ 2.33 (posI-4-AP) 13-.5 149.0 1+5.0 161.5 28.8 ZO, j 2.9 2.4

3 4.33 (pose-4-.4P) 13-, > 159.5 151.0 1 -.0 :-.1,-, l&.5 3.3 2.8

4 5.50 (posr–4-AP) NT NT >T XT 2;,5 16.s 3,? 2.9

%sne ptiem andexperimentasin Figure5.
bVahes are m rninures of arc.

FF = full tield; VEP = wsual evoked porenad, CF = ceno-al tield: CFF = cnncal hcker-fwon: J-.4 = mud amq; AP = aminopyndine; NT
= nor rewed.

patients may reflect rhis. The repetitive conduction de-

fect in demyelinamd neme [20-22] is che result of a

decrease in membrane excitability caused by hyper-
polarizarion produced by electrogenic Na - pumping

[23], which 4-AP mav counreraa by increasing accion

current. Exactly where 4-AP exerts its effecr on demy -

elinmed axon has been widely theorized [13, 24.251.
Based on K- channel hxalizacion [8, 26], it would be

expected CObe acting ator near demyelinaced inte-
rnodes.

It has been obsemed d-m repetitive impulse acciviry

occurs in demvelinared axons exposed to 4-AP, which
,-z ‘d account for 4-AP–induced paresrhesias in hu-

.s [27, 28]. Ten of our 15 MS patients who re-

ceived 4-AP experienced rransient mild paresthesia
or transient mild dizziness-lightheadedness, or both.

Though these patients may have become unblinded, 3

had reversible improvements in VEP testing after 4-

AP chat carmor be explained by a placebo effect. This

finding, die improvement in 4 of rhe patienrs given

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

absence of improvements in the placebo group all
strongly favor a true pharmacological effect. Finally, ir

is noteworthy char rhe videoraped neurological exami-

nations, which were rated blindly, successfully difYer-
enciared che 4-AP and placekm groups.

The VEP improvements with 4-AP observed in rhis
study are compatible wirh an improvement of conduc-
tion in demyelinared optic nerve fibers. VEP changes

caused by purative alterations in opcsc nerve conduc-
tion have been demonstrated previously in MS pa-

tients. Improvement occurs with hvpervemilarion [291
~d vetapamii [30], while worsemng occurs wlrh m-
c~d body remperarure [~ 1] and exercise [L-hrhoff

symptom)[19]. Our hndings WICFI4-AP are sumlar to
tie findings wirh hypervention rep-red by DavIes

and vsociaes [29], whr also observed P- 100 Iarency
=——’~lcuonwithout conslsten[wmpbrude chmges. The

wn grea[ervanabdim oi \“EP amphrude compared

to ~e~~ pOSSI’Dly exptins !ius phenomenon I 1S. 52.
. . .
)>J.

Hmmond and Yiannikas {N] reported markedly

discorred and absent CF VEP responses in 34$? of MS
patients srudied. which is consisrenc with preferenriai
involvement of macularfibersin MS. This compares co
similar hndings in 2TTCof patients in our scud~. Im-
provements in CF waveforms seen with 4-AP are

likely co reflect irnprovemem in conduction in these

macular hbers.
We have not observed serious or bothersome side

effecrs ar rotal intravenous doses of 4-AP below 30 co

55 mg {13] or single oral doses up co 25 mg reported
here. In contrast. Jones and associates [12] stated that

side e!%ecrs (dyseschesias and dizziness) precluded its

ciinical use. While no seizurm occurred among our

paciencs or in the study by Jones and colleagues [12],
seizures have been reponed in parients who received
4-AP for creacrnent of myaschenia gravis [35], boru-
Iism [56], and MS [371. Mechanisms for the convul-
sant action of 4-AP have been discussed previously
~13]. Also, 3-aminopyridine is known to have convul-
sant action when applied direcrly on the cerebral cor-

tex of cars [58]. Since MS pasients have an increased

incidence of seizures, rhey might be expecred to be ac

higher risk for seizures on exposure co 4-AP than are

normal subjeas. AMtough it is important to recognize

tie porenrial for rhis side effecr, our results suggest a

safe and effective cherapeucic window for orally ad-
ministered 4-AP for visual and motor deficits in se-

lected .MS parienrs.

Paaenr selecrion cnreria could be imporranr with
respect [0 4-LAPeiiicacy. Some parier”~ m@r improve

globally and others only in a specific neurological func-
tion, depending on the number and clinical expression

oi blocked demyelinared nerve hbers capable O( being

resroreci co conduction by pharmacological means.
Temperature-sensluve .MS patients are particularly t_a-
vorabie can&~aces for efiefive ~~~en[ Wl[h ~-~p

xcuse rhe~ have large numbers of newe fibers char

we diner ‘Emr<edine-conciucang or ue ILXt bareiy

:IOCkJ [61. Furiiermore, during a,cure exacerjaaons
m .MS. tempe.ur~e sensluvlm is heightened {59;.
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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,PharrnD,PbD;P..AAnderson,P~, A Krumholz,MD;K Conway,RN;
J.Leslie,PhD;N.Eddin@on,PhD;KI.Plaisance,PharmD;H.S.Panitch,MD;S.Dhib-Jalbut,MD;

M.J.Fossler,PharmD;J.Devane,PbD;andKP.JohniouMD

Article abatraet— Because 4-aminopyridine (AP) improves residual deficits in some multiple acleroais (MS) patients
but has a narrow toxic-to-therapeutic margin, we compared the safety and eficacy of txvo target peak serum concentra-
tion ranges (1OTW30 to 59 nghd and high 60 to 100 nghn.1). We enrolled eight MS patients with temperature-sensitive
visual and motor deficits iz-a randoti-~ placebo-coritroll~ double-blin~ ~-er trial of short-~rm oral AP treat-

~~ment. We randomized patienta tn a sequence of three treatment on three aeparab days: pbebo, low serum concen-
tlZltiO~ and high serum concentration. We determined dosing to achieve the desired steady-state peak serum concen-
tration ranges horn a teat dose and population pharmacokinetic Parametim using bayeaian estimation. contrast sensi-
tivity, standard necrologic examination, ratings of videotaped necrologic exaznin ationa, and quantitative strength as-
aeaament all improved with treatmen~ but ilicker fusion hquency, visual woked response latencies, and Expanded
uility Status Scale scores did not. All patients experienced side effects during the high-ge~~ncent~tion arm.
Agrandmalaeizure occumed at a serum AP level of 104 nghd, and an acute confusional episode occurred at 114
nghn.1- AP treatment produced improvements in rsaiduai deficits in MS patients, but the occurrence of significant tOx-
ti~ auggeata that AP aemm levels should be monitored and peak IeveIs above 100 ng/znl should be avoided. Concen-

. trationumtil methodology maybe useful in_ putative treatment for other necrologic diseasea.

NEUROLOGY1994;44:1054-1059
.
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fithologic evidence of preserved axons in demy- MS is in part physiologic. Ele@ophySiologic stud-
elinated multiple sclerosis (MS) lesions, 1 as well as ies of demyelinated axons showed that abnormal
xwersibility of some MS deficits with temperature
depresaionz and decreases in serum ionized cal-

potassium currents decreased action potent Ial du-
ration and amplitude and contributed to conduc-

cium,a suggest that the necrologic dysfunction in tion failure (reviewed in reference 4). Schauf and
-’!.?-.



‘Dav-k+ first suggested that pharmacologic modifica-
tion of sodium and potassium currents might be
used to improve conduction in demyelinated fibers,

~-~~ subsequentstudies’showedthatpotassium
‘reelblockerssuchas4-aminopyridine(AP)im-

P,ovednerveimpulseconductioninexperi.rnentally
demyelinatedaxonsinvitro.Jonesetalsreported
thefirststudyofAP inMS patientsandshowed
thatAP treatmentcaused improvement in temper-
ature-sensitive visual deficits in five patients in an
open-label trial. Stefoski et aly then showed that
short-term intravenous AP treatment produced im-
provements in residual deficits in a larger number
of temperature-sensitive MS patients in a placebo-
controlled trial. Davis et ale demonstrated that
short-term oral AP treatment was also effective,
and Stefoski et alg showed that treatment duration
of up to 5 days could be used without significant
side effects. A randomized, placebo-controlled, dou-
ble-blind, crossover trial in 68 patientsl” showed
drug-related improvements in necrologic finction
without significant tcmicity. However, two patients
horn that study who continued open-label A.P had
seizures, and one developed a treatment-related
hepatitis (C. Pohnan, personal communication).
Pharmacologic studies 11showed clinical hprOVe-

ments in patients with peak levels in the 50 nghnl
range or higher, with some patients tolerating
serum levels over 100 nghnl. However, significant
i.nterpatient variability was noted (F. Davis, per-

~@ communication). This variability in pharma-
‘metics coupled with the potential toxicity of AP

~Ad limit its widespread use in patients with MS.
Drugs such as AP, with large intirpatient vari-

abili~ in pharmacdcinetics and narrow toxic-@ther-
apeutic ranges, present a d.iflicult dilemma in trial
design. To avoid serious side effects in the patients
having the highest serum drug levels, dcxs must be
kept as low as possib~e, but this means that patienta
with the lowest drug levels may have levels inade-
quate to produce any therapeutic effixt. An approach
to this problem used in earlier trials of J&F’*’l”ia the
escalating dose format. However, this may unblind
patients and investigators if the drug has character-
istic side effects, as is the case with AP. 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 used this methodology to test the ef-
ficacy and toxicity of two target serum concentration
ranges of AP(30t059nghnJ and60to 100@nl) il
eight MS patienti with kmperatun+aensitive visual
and motor deficits.

Methods. Paiient selection. Eight patients with clinically
or Iatmratory-supe definite MS u who had objective
deficits of visual acuity and l~wer extremity motor

=A,q~ength and tone were enrolled in the study. These
kiti were, by history, both related to the patient’s MS

..d wmzwned by tempera- elevation but were stable
for at lead 30 days prior to randomization Patients were
exciuded iftheyhad ahishxyofaei.mea or unexplained

. ..,,,:-.?-. ,

syncope, epileptiform activity on EEG. acute relapse
within 3 months of randomization, corncosteroid treat-
ment within 30 days of randomization. or complicat.iug
medical illness. Patients were required to abstain from
corticostemid and cytotmic drugs during the study, and
doses and scheduJes of other drugs were held constant
during the trial. The study protocol was approved by the
local institutional review board, and informed consent
was obtained from all patienta.

Meowrement of serum AP levels. Serum samples were
analyzed by a validated procedure based on a previously
described method utilizing solid-phase extraction, high-
performance liquid chromat.agraphic separation, and ul-
traviolet detection. 1’

Treatment. Identical-appearing capsules were pre-
pared (ElanPharmaceutical Research Corp, Gainesville,
GA)containing lactose or 2.5 or 5.0 mg of 4-AP (Regis
Chemical Co, Morton Grove, IL) in lactose. Each patient
received a 10-mg test dose of AP, and serum AP levels
were serially monitored for 18 hours. The pharmacoki -
netic parameters for each patient were estimated using
nonlinear regression techniques. 15 Patients were ran-
domized 1 to 3 weeks later to a sequence of double-blind
treatments: placebo, high concentration (60 to 100
nghnl), or low concentration (30 ta 59 nghnl). The phar-
macokinetic parameters obtained from the test dose were
used, by an unblinded pharmacokineticist (D. Y., N.E.,
K1.P.), to determine the initial dose for each treatment
period for each patient. Timed serum A.P concentrations
were obtained after dosing during the blinded potions of
the trial, and the pharmacokinetic parameters for each
subject were reestimated using bayeaian estimation tech-
niques. 16The bayesian a priori eatimatea for the calcula-
tion were obtained fl-om a previous study (D. Young, per-
sonal communication). The pharmacokineticiat was able
to alter the dosage strength and interdose intervals as
necessary to achieve the desired peak concentration at
the time of evaluation (at 30 hours of treatment). Blind-
ing was maintained by having the patient take active
drug and placebo capaules at each dosing, by not an-
nouncing the dosing schedule to the caregivers in ad-
vance so that they would not be aware when changea in
scheduie were made, by making pseudoadjustmenta in
the schedule during the placebo q and by having the
unblinded pharmacotieticist and caregivers conununi-
cate by facsimile using forms prepared for the study.

E@acy euo.luution. Respectively defied tempera-
~senaitive de fiata of visual function and of lowerex-
tremity motor function were quantitated during each
arm of the trial. Evaluations were carried out at the
same time of day during each arm of the study, and body
temperature was monitmed.

The assessment of visual function included determi-
nations of cnntraat sensitivity, tlkker fusion frequency,
and visual evoked response (V_ER) P1OO Iatencies. Con-
trast sensitivity*7 was measured witha Pelli-Robson
ch~ with a different chmt for each eye. Eyes with nor-
mal baseline values (> 1.35) were not considered in the
analysis. psychological tlicker fusion fFequency was mea-
sured using a Grass stimulator and strobe light and ex-
pressed as the mean of quadruplicate det.erminations. ~
Eyes with normal baselines (>35 flashes per second)
were not considerd in. the analysis. VER latencies were
measured for each eye in triplicate on a Nicolet
Pathfinder H with a 30-minute check size, a repetition
mr.e of 1.5 per aemnd, and 100 repetitions per determina-
tion. _ were read by a blinded reader and results
expmseda athemeanforeachsye .azeach time point.

Junel.ntNEll’RoL.Oa uloM
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Table 1. Patient characteristics, AP dosage, and steady-state peak serum levels

rubs
Study arm

Low concentration High concentration
Pt duration Ms c_ c-
no. Age Sex (y’r) EDSS type Dosage (n#ml) Dosage (nglml)

1

2

3

4

5

6

7

8

51
50
50
62
43
35
36
41

F
F
M
M
F
F
M
M

20
30
8

12
2
8
9

17

3.0
6.0
6.0
6.5
6.0
8.0
7.5
5.0

CP
CP
CP
CP
RP
CP
RP
CP

5 mg q12h
7.5 mg q12h
7.5 mg q8h
5 mg q6h
5 mg q6h
5 mg q12h
7.5 mg q12h
10 mg q61t

56
35
64
40

37
39
47
51

10 mg q6h
12.5 mg q6h
12.5 mg q4h
7.5 mg q4h
7.5 mg q4h
7.5 mg q4h
10 mg q4h
7.5mgq6h

89
104*
114
75
SE
57
87
93

Mean t SE 46*4 83=6

EDSS Score on the Expanded Disability %acus Scale ~
CP Chronic progressive.
I@ Relapsing progreamve.

.

● king waa terminated af%er24 hours hecauae of the occurrenceof a seizure. This is che level at 24 houni and was not at steady state.

Eyes with baseline Iatencies 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
strengthofthehamstringsandoftheiliopsoas,quadri-
ceps,gastrocnemius,andanteriortibialiamuscleswere
waluatedby a blinded examiner and rated on the O-to-5
Medical Research Council scale.’8 The “strength score”
was the sum of the individual leg muscle ratinga. A Kin-
com testing apparatus was used to further qusntitate
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

-determinations. At each time point, ambulation, as well
as the examination of the lower extremities by the

~. ,-.Udedexaminer,Werevideotaped.Tapedsetients
werelaterreviewedbytwoblindedraters(H.S.P.and

<“ .S.D.J., ;,.~ ~ Whoscored relative muscle strength, reflexes,
bulation. The sum of the scores is given as the

otape score.”
ie Expanded Disability Status Scalem (EDSS) score

[ ~’~~-;.+bd ambulation indexz’ (AI) were determined from the
--- ;--- of a standard neuroiogic eaation and timed

2< ~’&&dation.
. ... . ;.~~Data analysis. The Wilcoxon signed rank test was

.: .-
:2
~+.., * ti deta-rnioe whether significant treatment-related
!~&#mprovementi were seen.

.-..’

I “ ‘“” “;*Ibmlta Patient churwteristics. Eight MS patients
. (table 1) were treated in a concentration-controlled

I “-.,.’taialof short-term oral N given in a randomized,..
‘p&b-controlled, double-blind format. The sub-,.: ..-.,,

ti.$~-,”j~ consisted of four men and four women with
c->; agea ranging from 35 to 62 ye-, disease durations

%;- -g from 2 to 30 years, and EDSS scores at... .
@&’Y#Fting frpm 3 to 8. Six patients had a

w progressive course, and two had a relapsing
*e course.
etiveness of concentration control. The

bi~~a~ady-s~ti peak serum concentra-
ted during treatment are aurnxna-
M“inean C_ of 46.1 ngfrnl for the

. .*,-.-.:
::., .> ,;. , :%*: ~-..:; . . ‘- .’.,...

low-serum-concentration arm and 83.3 nszhd for
the high-serummncentration arm fell wi&.in the
intended concentration ranges. The observed C.=
was within the desired 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 variability
suggests that food interfered with absorption and
was responsible for much of the obaemed aberrant
concentrations (data not given).

Toxicity. AP 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 totic effect, occurring
once in the placebo arm, three times in the low-con-
centration ~ and 11 times in the high-concentra-
tion arm. Paresthesia were not reported during the
placebo arm, but occumed four times in the lowam-
centration arm and nine times in the high-concen-
tration arm. Nausea was reportd once during the
placebo arm, once during the low-concentration
arm, and five times during the highamcentration
arm. Nervousness or anxiety was reported only dur-
ing the high-concentration arm. Two serious ad-
verse events oaurred, both during the highancen-
tration arm. An episode of encephalopathy ocmll-red
in patient 3 when serum AP peaked at 114 nghnl. A
grand mid tmic-donic seizure omurred in patient 2
when serum AP peaked at 104 ng/ti. Not only were

side effects more common in the high-serum-concen-
tration arm. but side effects correlated with the
timeof peak serum levels in most patients (data not
given), AP treatmept was not X?s&at,ed with =~
change in vital signs including body temperature
(data not given).

E/7icwY. The results of quantitative tests of vi-
sual and motor function are summu-ized in table 2.
Six patients had baseline abnormalities in contrast



Table 2. Summ~ of efficacy test results

Treatment arm... m_

cacy end pin c Plncebm Low EIigis

visualtesting
Meancmtsnet 1.25*0,06: 1.36* O.fw 1.40 * 0.04$

eensltiviq-
Mean Oicker fwoc 293 :1.6 32.6 t 2.1 29.4 :0.8

kequency lcps
Mean P1OO laten~ 142 z 8 14119 140 s. 8

(Insect

Quantitative motor .-

Hxmatrusg .stres.q_cb 102 * 18 10$ * 19 107220
(dyuerJm~J

Q.ladriqe stren@.I 14S i 32 168:29 1.53:30

(dyneslm~}
Necrologic examinanon

Strength Scor@ 74*5 75*5 76t 51
V1deorape smre# 120t23 126i 211 127:‘27””

● Logthresholdmnuaetlevel.
*Mean i standard error.
$ .%atietically S@Scantly impmved compared with the placeba

arm (p = 0.05,W&mm signed rank test).

5 Total kg-strength score wae the sum of individual scores on the
MRC Scxle’s for sexength of the h~ and of the ihopmas,
quadriceps. and anrerior tibialis muscles.

1 Statistically signi6cantiy unproved mmpared with the placebo
arm @ = 0.016. Wilmxon signed rank met).

# Wdeoraped exxm.imtion emre was tk sum d smreegiven by.s
blinded ravieww of leg a- and xpaetia~ and of ambulation
abihtv.

.* sut~tic~y ,~=tly impPJved ~rnp~ with the placebo

- @ = 0.02. ~dmxon signed rank *).

.n.

~e3.Resultsof contrast sensitivity testing

Contrast sensitivity

Pt (log threshold contrast level)
no. Eye Placebo Low High

1 OD 1.05 1.20 1.35
0s 1.20 1.20 1.35

2 0s 1.50 1.35 ND

3 0s 1.20 1.35 1.20

5 OD 1.06 1.35 1.35

CkS 1.05 1.36 1.35

6 OD 1.35 1.s5 1.50
0s 1.35 1.65 1.50

8 0s 1.35 1.50 1.35

Mean t SE 1.25 f 0.06 1.3S * 0.06” 1.40 z 0.04”

* Improvement mmpaswd with piaceba ~ = 0.05, Wikoxon signed
d EStJ.

sensitivity in at least one eye [table 3). Of nine eyes
tested, five improved during both the low- and
high-concentration arms, three improved during
only one active treatment arm, and only one eye
worsened on Treatment. A sr.atistically significant
improvement was seen in mean contrast sensitivity

- both low and high serum concentrations (table_-

Mean flicker tiion &equencies and mean P1OO
latincies showed slight improvement on treatment,
but the d.ifkencea were not statistically signifkant
(data not given).

Table 4. Legstrength scores on necrologic
examination and videotaped examination score

a. A

Viiped

R Toti @—ccmm@ -“ ensmilmtiom Scmre?

no. P18eeba Lmw w ~ ~~ aigls

I 68 S6m 13s 159 162

2 82 Mm 137 143 w

3 62 59 65 147 152 170
4 70 76 a2 167 150 177

5 89 89 68 156 152 146

6 55 62 59 13 38 ?5

i 32 5656 21 26 25

8 83 66 87 175 18s 163

lSimci2sE 7325 75x4 76t.M 120z23 126*21$ 127*27$

“ Toml!q-sr.renfim W- b sumofAwdnd emiwm theKRC xsle”
& sn’eL@of the hamstring’s and d & Aopsnes, qudmqn, snd aotenor
nbiaiis muscled

- Viipsd examme?ionsmrc wsmtbesumof-cwen byublindedm-
mewer of leg mrengtb and spssticity and of ambuhon ability.

t SiSZI&S@ mmeesed eompmred *UI pimba UI = 0.016. WdCOXOn $ismed
rank Iexsl.

f Sigm&8ntly iorree4 eompued with pl=ceba [p = 0.02. W&xOn signed
renk W).

Improvements were seen in lower extremity
strene-th on neurolotic examination and in ratings
of videotapes of the lower extremi~ examirmt ion
(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 during the low-concentration
arm in three patients. The mean total leg-strength
score improved signiflcantl y during the high-con-
centration arm compared with the placebo arm
(table 4). Scores of blinded ratinga of videotaped ex-
aminations of the lower extremities improved dur-
ing both treatment arms in five of aeven 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-concentration 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
EDSSscores(datanotgiven).

Discussion.We foundratesoftreatment-related
improvemen~invisualandlowerextremitymotor
functionthatweresimilartothosereportedinpre-
viousshort-termtrialsofAP.JonesetalGtreated
fivepatientswithlabilevisualsymptomsinan
open-labeltrialandnotedimprovementinvision
te9tinginall.Stefoskietd’studklintravenously
administeredAP ina blindedplacebo-controlled
trialin12temperature-sensitiveMS patientsand
reportedsignifkantimprovementofspecificneuro-
logicdeficitsin10patien~.Inatrialofshort-term
oral AP treatment, Davis et a18treated 20 tempera-
tun+sensitive MS patients in a placebo-contrcdhxi
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 received piacebo. Recently, the
same group reported a double-blincL placebo-con-
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trolled trial of oral AP with treatment durations of
up to 5 days.g Thirteen of 17 MS patients improved
on A.P and only three of nine patients improved on
placebo. These studies suggest that AP may induce
improvements in specific necrologic deficits in MS
patients, but the studies were limited by questions
about blinding, failure to randomize treatment,
and failure to either use prospectively defined nec-
rologic deficits or adjust significance levels to com-
pensate for multiple comparisons.

A recently reported randomized, double-blind,
pIacebo-controlled, crossover triaI of APl” addressed
some of the design weaknesses in earlier studies
and suggested that not only can A.P treatment im-
prove specific residual deficits, but it can also im-
prove overall function. In 68 patients receiving 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 in the
EDSS score on AP treatment and only three wors-
ened, whereas no patient improved by that much
on placebo and 11 worsened. Whereas improve-
ments on quantitative tests for vision and oculomo-
tor function correlated with serum AP levels in in-
dividual patienb,ll overall necrologic improvement
did not. I“ Although the escalating dose format
could have unblinded patients and examiners,
these results are the most convincing to date that
AP treatment can lead to functionally significant
improvement in residual deficits in MS patients.

Testing in the present trial utilized measures
that yielded quantitative resultzi (flicker fusion f&-
quency, contrast sensitivity, VERS, and quantita-
tive 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 measures employed. We
may have used too few patients and serum concen-
trations 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. The lower senun concentration range of 30
to 59 rig/ml may therefore be adequate for inducing
improvement of some necrologic deficits.

The frequency of paresthesia and dizziness in
the high-serum-concentration arm is similar to that
in other trials. Stefoski et ali reported parsthesias
in 12 of 12 patient9 treated with intravenous .4P
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 patients. Ste-
foeki et al ree dizziness and gait imbalance in
five of 12 patienta receiving intravenous & and in
13 of 17 patients on oral AP.9 Van Diemen et all” B

*cliZZinese in360f680atienta..
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:eports of seizu
patients on AP.

ues or
Intra-

venous AP induces seizures in mice,n and seizures
occurred in patients receiving A.P treatment for bo-
tulism,n myasthenia gravis,z’ and Lambert-Eaton
synd.rome.” No seizures occurred during 3 months
of AP treatment in 68 patients, 1° but seizures oc-
curred in two patients born that study who contin-
ued 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 rig/ml 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 to 59 nghnl range.

The present study was limited 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 patientx ran-
domized to three arms are equivalent b 24 patients
in a three-arm parallel design trial. x InterPatient
variabili~ is minkkmd because in a crossover trial
each patient series as his or her own control. x Vari-
ability is further reduced by serum concentration
control. The obsemed response rate was similar to
the 80% improvement rate seen by others.’-g The
short trbatment duration employed in this trial was
based on previous reports of responses with similar
or shorter treatment durations.’~ We calculated the
minimum time necessary to achieve a pharmacoki-
netic steady state in all patients. Other studies
found that side effects are greatest when drug treat-
ment is started and then decrease with duration of
treatment,l” so our patienta may have experienced
maximal side effects for the serum concentration
used. The latter limitation may have contributed to
the lack of improvement in overall function (EDSS
and ~ SCOrSS).

This trial demonstrates that a new methodology,
concentration control, can be usefully applied to the
assessment of some drug treatment effecw in MS.
The use of concentration control methodology in
clinical trials was first proposed by Sanathanan
and Pec~~ based on the development of techniques
to predict an individual’s pharrnacokinetic response
from population pharmacokinetic characteristics. IS
This allows dosage adjustments to be made in pa-
tients in red time in response to serum concentra-
tion measurements This methodology, successfully
applied to the study of the antineoplastic agent
suramin,= appears to be applicable to necrologic
diseases as well.
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- Signs in Multiple Sclerosis: A Randomized,
Placebo-Controlled, Double-Blind,

Croswver Study
Harriet A. L(. van Diemen, MD,* Chris H. Polman, MD, PhD,- Theo M. M. M. vanDongen,PhD,$

Arie C. van Loenen, PharmD,$ Jos j. P. NauW PhD,q Marrin J. B. Taphoom, MD,*

Harm K van Walbeek, MD,’” and Johan C. Koecsier, MD, PhD*

To find our whether crearmenc with 4-aminopyridine is beneficial in multiple scierosis (MS), 70 paciesscs wish definite
MS entered into a randomized, double-blind, placebo-corsccol.kd, cross+ver trial in which they were created with
4aminopyridine and placebo for 12 weeks each (maximum dose, 0.5 mg/kg of body weight). The escimaced effect of
rhe creacmenr as m~ured wirh the Kurczke expanded disabiky scams 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 encouncerd in 10 paciencs
( 16.4%) during oral creacmenc with %mioopyridine whereas it was noc seen during placebo cceatrnecu (p c 0.05). A
significant subjective improvement (defined as an improvement chas significantly affected che activities of normal dad y
life) was indicaced by 18 paciecm (29.5%) during 4-aminopyridine creacmesx and by 1 patient (1.6%c) dusiug plambo
creacsnenc (p c 0.05). Significance impcovemencs relared co 4-arnicsopyridine occurred in a number of neurophysiological
pammecers. No serious side effects were encountered. However, subjective side effects such as pareschesias, didMs,
and Iighc-headedcsess were frequently reposwd during 4-amicsopyridine ueacmesm Analysis of subgroups reveakd
that there was no difference in efficacy berween chose patients randomimd co receive 4-acninopyridine and sben
placebo and those randomized co receive plxebo and dsen 4-asninopyridine or bemveen patients wic.b and those widsouc

~bjeccive side effems. Eqsecially pacienes with tempera~ nsitive symptom and patients characterized by having
-—- - msger duration of rhe disease and being in a progressive phase of KIMdisease were likely to show clear clinical

-nefsc

van Diemen HAM, Polman CH, van Dongeis TMMM, van b-men AC, Naura JJP, Taphoom MJB,

van Walbeek ~ Koersier JC. The effect of 4-aminopyndine on clinical signs in mulaple sclerosis:
a randomized, placebo-controlled, double-blind, cross+ver srudy. Ann Neurol 1992 ;32: 123-130

In a small number of studies, che pxassium channel

blocker 4-am.inopyridine (4-AP) demonscramd an abil-

iry to induce a transient improvement in clinical signs

and symtoms in pacienrs with multiple sclerosis (MS)
(I4].These favomble effeccs probably are due to rhe

rtworarion of nerve conduction in demyelinared neme
fibers by prolongation of the repobrization phase of

che action pocenrid [5-7].

Although remarkable improvements were reporred,

especially concermng moror and vuwal functions, defs-

mre conclusions canner be drawn from these srudies

since the drug was ~ven for a very shorr pericd to

small groups of Iu_@dy selecred paciencs. Most of the
studies eitherwere not randomized or not controlled,

or used uncommon outcome crlten~

f

In this srudy, we present the results of the first ran-

domized, double-biind, placebo-controlled, cross-over

srudy with long-term oral adminiscracion of 4-AP in

parienrs with MS. The effecr of 4-AP on che ciirsical

signs in MS was investiga.red in 70 patients with clini-

caUy definire or Iabocarory-supported definite MS ac-

cording co che criteria of Poser and asscxdaces [8].

PtiencsandMethods
SeLz7ion of PaIii7r[J
The mclumon crirena were defmie MS [8], a Kuruke ex-
panded disabiiiry scams scale (EDSS) score aI entry of 2.0 to
‘.5 pomrs [9], and an age berwe-en 18 and ‘O years.

Exclusion criteria were a recem relapse; concomitant dis-
eases confusingorrnimsckmgthe plcrure of ,MS.and a medt-
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cd hisrory of epdepuc fits or carchac, hepauc. or renal disease

Pregnanr ~omen or women of chddbeanng age no! using an
effecuve method of birrh conrrol were also excluded as were
panenrs who used my orher medication has-uig a surnularing

efi-ect on neurorransrmme: release. Before enrry mto rhe
srudy, elecrrccwdiography IECG I and blood examirumons

(hematology, tiverand rend function) were periormed. Pa-

rsenrs with abnormaliues were nor eligsbie ior the srudy.

Informed consent UM ohmed from al! parsenrs before

being accepted into the sr.dy. The protocol was approved

by rhe ErhlcaJ Cornnurree o~ the Free Uruversiry Hospiral,
Amsrerdarm

Trwtmn!
4-AP capsules (5 mg and 10 mgl and placebo capsules (Avi-

cel ) were prepared by rhe hospmal pharmaceutical deparr-
menr. AU paaenrs were rreared with borh 4-,1P and placebo

for 12 weeks, each according to a randomized. bouble-btind,

cross+ver srudy design. There was no wash our berween rhe

L% and rhe second rreannem period. Panenrs were exms-
ined ar rhe ourparienr cliruc (Free tiniverstry Hospital, Am-

sterdam) at the scan of the rrearmenr (week O) and ar weeks
2, 6, 12 (crossover), 14, 18, and 24. The warring dose for

borb treacrnenr periods w= 10 co 15 @day 10 rwo ro rhree

divided doses, which was elevared wirh 5 co 15 rng/day at
weeks 2 and 6, respectively, and weeks 14 and 18 up ro a

maximum dose of 0.5 mgkg OFbody weigh. The doses of

4-AP and placebo were decermmed on cbc bms of occurring

effecrs or side effects. Compliance of che pacienrs was con-
trolled by counting capsules and measuring 4-AP serum

levels.

AJJdfJ#t’Rt

Clinical a.ssessmencs were made by means of the EDSS and
che (LUICUOIMJsystems (FS) [9). In order co prevenr inrerrarer
v~fi~, ~ Pa.cienrs were etied by &e same blinded

physician (H. A. M. t. D I during rhe course of rhe srudy.

The EDSS and FS scores were obtained ar weeks O, 2, 6, 12,

14, 18, and 24.
Visual acuiry (VA j and conrrasr senstaviry (CS) measure-

mersrs were used to evahusre the opric funcnon. VA was

measured using rhe SneUers dram. CS was measured using

rhe concrasr senstrivlry resr cbarr (VCTS 6500 Niscech Con-
sultants, lnc, Dayton, OH] I, u described m derail elsewhere

[ 10. 11]. VA and CS were m~ured &fore the srm of

rreacrnenr and at the end oi rhe nrsr and second rreaursem

periods

AU side effecm or concommm: dwases rhar were encoun-

tered bv rhe panenr were regwered. Rei ~.pxs were docu-
mented.

To evaluare rhe sublec~ve response ot :he Patlenrs, a
j-point nomlnd scale ,rangmg from - - [0 – – w= @.

Tne patient was inked [o IacIcart O m case ~{ no change. -

or – In case 0F4 slIghr ur.prove. menr or ~erenoranon, Inc
-. or - – in ;ase oi a SI%-5CLTt Umprovev.ent or dereno-
rzoon. respec:iie!v Sp~icmr r.proverr, en[ 3r Je:enorm)or
was cietinec a5 ari unproven en: Jr Jerenotion Lnar myti.-

..
cmrit ar?ecre: :hc at::\-12es 0: 3crmai Jtiv ire. >uDlec3~e

-.

resprxmes were regmemc L’ :x end or me ilisr ma L7e
second trexmen: penoc . . . . . .A‘-- ~ne nrsr L-ea=efsr ~noc. TX

response of the parsenr was based on a sublecuve difference

between ueek O and week I?. After the second crearmenc
period. rhe response O( rhe patient was based on rhe sublec-

CIVedifference between week 12 and week 24,

As neurophysiologicai parameters, visual evoked pocen-

rials (\’EPs I and eye movement regisrrarions IE.MRs ) were

derermmed and elecrroencephalographv (EEGs pe.+orrned

A derailed description of rhe used regrsrrarson rechmques for

VEPS and E.MRs in our [aboracory was ~ven by van Dongen

and coaurhors [ 12]. These re~srranons were performed be-

fore rhe srxr of the creau-nenr and ar rhe en< of rhe nrsr

and second uearmem periods. Evaluation parameters were
Iarenq and arnplirude of rhe P1OO peak for r-he VEP and

saccadic latency, peak velocities of eye movements, and
smooth pursuk gain of che critical frequency for she E~MR

The EEGs were recorded on a 16-channel Siemens Elema

machine (Siemens Elema AB. solm~ Sweden I using rhe in-

cernariorsd 10-20 system of elecrrode placement wlch refer-

ential, source, and bipolar monrages (bandwLch, -3 dB.

0.26-30.00 Hz). Hyperverdarion and phouc srirnuhrion
were done routinely during recording of ar least 20 minures.

The EEGs were recorded before rhe stasT of c.+e rreacmenr

and afrer 2 weeks of each cremrrsenr period. I%e EEGs were

scored by conventional visual inspection by an experienced

neurophysiologist who was aware of the srudy protocol bur

unaware of rhe clinical history of rhe parienr and rhe medica-

tion used.

Blood srudies (hemoglobut. white blood cell count, plare-
Iers, q crearinine, cod protein, alkaline phospharase

[AFJ. serum giuramic+xaloaceric [SGC)T’J, and gluramsc-
pvruvic WansaMinases [SGYI--J, gamrma-gamrna-gluramvl-
rransfera.se, Na”, and K-) were performed before en~ mro

rhe srudv and as weeks 2, 12, 14, and 24.

Efiag Parametm
At the scan of the rrial, we decided char the primary arlalvsls
would involve a comptia of rhe EDSS scores. Borh [he

numbers of parienrs showing a significance EDSS change ( 1.0

poinr or more [1 3-1 5]) and the mean changes in EDSS

xores u the end of borh rre-anmenr periods were to be evaiu-
aced. Secondary evaluation parameters were rhe sub)ecuve

reqxmses as indicared by the patient, rhe FS, & number of

relapses, che results of rhe measurements of opnc funcrson.
and rhe resuks of VEPS and EMRs.

Responders co 4-AP were defined as pauenrs wirh elrher
a decrease of rhe EDSS of 1.0 pomr or more or a slgruiicanr

Poslrive subjecuve response during rhe trearmenr period wIrh
4-AP.

Prgferem-e and Prediction
AC rhe end of rhe srudv, panenrs were askec co mdica[e

during which period of rr~enr rhey felt berrer {prefer-
ence! and during which period thev rhou-qhr +-.4P Um aa -
rrumste:ed , prealcnon I



intravenous merhylprednssolone (Solu-MedroL5 x 500 mgl

~-~as installed were wlchdrawn from the sruciy ar the momenr

Jf rhe inirianon of rhe srerold adrrumsrrauon. since the iara

cobe obramed airer this momenr were believed to be hJ_gi-dy
influenced by rhe steroid rrmo-nenc.

Side effects ardor ro~ciry were evaluated m dl paaenrs
who enrered the srudv If pauenrs withdrew from rhe sr~dy
during rhe firs[ period (i.e.. before the cross-over) and there-
fore did not enrer the second period. only the side e+-ecrs
during the firsr rrearrnerx perrod could be considered. Ii pa-
riems wirhdrew durrng the second period, che side effem of
both periods were evaluared.

The analyses of efficacy were performed only in chose pa-
tients who completed at least 2 weeks of a rreau-nem wrmd.
This means r.har t pauenrs wirhdrew from rhe srudy during
rhe firm 2 weeks of rhe firsr period, efficacy was no[ evalu-
ared. [f pauenrs withdrew from the srudy during rhe rirsr
period afrer as Ieasr 2 weeks of rrearmenc, efficacy was arsa-

Iyzed for rhis period based on rhe dara obrained dting rhe
law visir for which rhe panenr was still receiving rrearnenc.
if patients wirhdrew from rhe srudy during rhe firsr 2 weeks
of rhe second period, only the efficacy results o{ the firsr
period were analyzed. If pauenrs wirhdrew from the srudy
during the second period afrer as least 2 weekJ of creatrnem,
efficacy was analyzed for borh periods. Analyses for rhe sec-
ond period were based on the dam obtained dting rhe last
visit for which the paaenr srdl was receiving cmarmem.

‘-+ati’t icd A na~ysiJ_==

ecause of rhe cross+ver design, in order ro imerprer :or-
recriy the resulrs of rhe stxond rrmrrsenc period, it was csec-

essary m invesrigare whether or nor rhe responses obsemed
during rhis period were influenced by rhe medicanon .gven
in rhe first period. Thus, we invescigared wherher rhere was
any residual efk of 4-AP rhaKpersisred from rhe lint co

~-.
the second period. To wsthypothesesof zero residual effect

,: of 4-AP, for each response variable separately, che sums of
rhe rqxm.se for rhe first and second rreasznem periods were
compared berween rhe rwo rrearmem-order groups by means
of the rev-sample I resr or Wilcoxon’s rank-sum rest (m case
of nonnormaliry). FoUowing rhe recommendation of Grizzle
[16], rhe hypothesis of zero residual effecr was resred ar a
significance level of 10%. In rhe absence of a residual efi-ecr
of 4-AP, ro invesrigare rhe effecr of 4-AP, rhe followg
merhrxi was used: Talung each variable separately, for each
subpm rhe response observed ar rhe first rreacmenr period
was subrracred from rhar observed ar rhe second period. The
sampling distribution for rhe 4-AP/placebo rreaanenraraer
group reflected rhe sysremanc dewaaon of 4-AP over pu-
cebo, wt. veas rhe samphng disrr~bunon for the orher
rrearment-order group reflecred d-ussame dewarson WIrh rhe
opposite s~n. The hypochesls of no effecr of 4-AP u-nphes
rhar [he sampling dlsrnbunons of rhe mvo rrm.rrnenr-oraer
groups are rhesame. Hypahews oi no e!lec[were ms:ed

rw~sldea ati slg.ticmce !evglof 5c7, usingelthe:wo-

~~ple ; cescsor W’iicoxon”5rank-sumcesrslFiord ~l”en

u-u.ble.:he:.wasevlciencc{or~ resdti effec:of+-.4? :nt

ana.Ivslswas res[ncrec co [ne tiJU of rhe msr crearmen: ne -
nod. in winch cwe :ne resoonses m me pixek and --.l. ?

crearrnenr -groups were comparec ‘3v e!cne~ mvo-sam?ie : :es:s

or Wlicoxon’s rank-sum resrs

The aerhod of analysts of side effecrs was sursh (o dle
merhoi oudined above, except rhat responses are bl~
(presen: or nor presenr ) rather charssemsquanrkarive or quan-
utauve .A discussion of rhe analysis of binary dara m r-he
conrer of cross-over rnals was given by F[ems (1 “].

The ~ependency of being a responder on parienrs’ charac-
rerisucs was resred using chi-square resrs or Manrei.s rest
for a tend in a propcmon. To srudv che u-dluence of such
characwnsucs. simukaneouAy logistic regression wu used.

Resu.1=
Pariirr; Po@ztion

SevenF paciems, 43 women and 27 men, enrered rhe
rriai. Tineir age ranged from 23 to 68 years (mean, 41.6
years: median, 41.0 years). The durarion of disease

ranged from 2 months CO25 years (man, 86 months;

median. 72 months). The mean EDSS score was 5.0
(median, 5.5). A chronic progressive form of MS was
present in 52 pariencs (74.37c). Eighreers paciencs

(25. -= I had a relapsing-rernirring form of rhe disease.

Based on anamnesac information, 67% of rhe pariencs
were re.mperarure sensitive and 23$7 were 00( ( 105?

nor ckr).

Afedica:ron
The mean daily dose of 4-AP administered as the end

of the creacrnent period was 31.2 mg (range, 10-50

mg, &\ided in two-four doses). The 4-AP dose per

Icdogracn of bcly weigh ranged from 0.17 to 0.55 mg

Withdrawair

One @ent who was randomized wirhdrew from r-he

srudv before raking anv medication.

During rhe first creacrnenc period, which was entered

by 69 paciencs, there were 6 withdrawals. Two pacienrs

wirhdrew during rhe first week of che 4-AP rreacmenc

( 1 due ro subjective side effecrs, 1 due to a stomarias),
1 pauenr wddrew afrer 4 weeks of 4-AP adminisaa-

rion because of obscipacion, and 3 pacienrs (2 during

placebo and 1 during 4-AP) were wirhdxawn from rhe
srudy terween week 6 and week 12 because of a dere-
rioranon of their clinical neurological scams for which
intravenous methylprednisolone was given. Subjective

side efks and roxiclcy during rhe first rreacrnem pe-

riod were evaluared for all 69 pauenrs who enrered It
(~+ receiving 4-AP, 35 receiving placebo). The evalua-

uon oi er%cacy dara was performed for the 67 parienrs

(32 receiving 4-AP, 35 receiving placebo) who com-
plere~ x least 2 weeks of rrearrnent.

.trrer the cross-over during rhe second rrearmen[
perloc. which was entered bv 63 pauents, there were
(: w~:n:.aw~s One pauen( wlchdrew wlchm ~ihe nrsr
we:~ ~{ -me+-.\p ~e~men[ ~ca~e of suble~uve sl~e

..
C?rTec:s.-- ?auenu wltiarew 5erween weeks i S anc 2+
Gue :C ;u~leruve slcie efi-ecu I,1 pauenr on +AP anc
i ~mec.[ 00 pi~ce’bo G-earmenrl, and 5 pauenrs were

i+
1“
i.

, .
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wlchdrawn from the srudy berween weeks 14 and 18

(all placebo) because of a decerioracion bf dse cIinicaJ

neurological srarus for which chev were rreareci with

mrravenous methvlprednisolone. All 63 parienrs were
evaluated for side effec~ during d-se second rreacrnenr

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

cacy parameters were analyzed for chose 62 pacienu

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

In summary, a coral of 6 patients wirhdrew because

of side effects (5 on 4-AP,Ionplacebo)and6pacierics
werewirhdmwnbecause of intravenous steroid rrear-

menr (5 on placebo, 1 on 4-AP). A cord of 57 parienrs
completed the srudy promcol.

Aaessmertt of Eficaty

There was a sraciscically significam estirnamd effect of

4-AP on the mears EIXS score after 2,6, and 12 weeks

of uczxrnem, as is shown in Table 1. As shown in Table
2, the significant effecr on the mean EDSS score holds
for rhe pacienr group rhar was first treared with 4-AP
as well as for the pacienc group rhar was first rreared
with placebo. In Table 3, the changes in EDSS scores
per rreatmem period are indicated for all patients; there

Tab& 1. &timated EffKrs of OraUj Adnnnistmd
4-Aminopytidine (4-API on [be Expan&d Duabdity SiatuJ

Sd (EDSS)

Response Esrimated Effect 95% Conhdence “
Varsable Of 4-AP Inceml p Value

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

EDSS (afrer – 0.24 (–0.38, -0.10) 0.001
6 wk)

EDSS (after – 0.28
12 wk)

(–0.41, –0.16) 0.0001

Tabh 2. The Mean .&panded D:sabi[tty StatuJ Sca&(EDSSI
Scow and ~bcMean Change m EDSS (MDSJI afirr

TrcarnwnP

Weeics

O 2 6 12 14 18 ~+

Tabk 3. Ckngt~ in th &pan&d Di~abi[it>Stat.w Sca&

4-AP Trearmenc Period

k Unchanged M Dropout Toc~

Placebo uemnem period

U 00 00 0
UnchangeJ 6 43 22 53
tt 6 01 11
Dropxsc ;2 6
Torai 10 51 : ; 70

‘For all poem, rhe change during bodr n-exrmenrperiods can be
derived from 4se rable. Bold numbers indicxe rhe numbers of pa-
nencswith a @cant cfrarsge.

U = a k- m ~sS of I point or mom; fl = an increase in
EDSS of 1 pantormore;Unchanged = a change in EDSS of less
rhan 1 point +-AP = 4-asninopyndine.

Tab& 4. Subwtive RaDonser”

4-AP Treatment Fericxi

-+ +/@- -- Missing Total

Placebo rr~enr period

++ o 0 0 1
+/(Y– 11 3: [ 49
-— 7 6 ; 2 15
Missing o 1 1 5
Toral 18 44 2 2 70

‘For afl panencs, dx change during bocb Uuoncnr priods can be

derived fromrbenble.8olduumbem indicaerhenumbersofpa-
ciensswirha @cant change.
+ + . s@mr .npmvemen~ +/(Y - = no signifrcan[ C-S;
.-= s@uOr impairmear,4-AP = 4-ussmopyndinc.

was as@@6cancdifference in favor of 4-AP treacmem
(p < 0.05). This rable illuscraces char there was a sig-

nificant improvement on the EDSS in 10 pacienrs dur-

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

the placetm period. A significant increase of the EDSS

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

riod and in 11 pariencs during placebo rreacrrsenc.

In Table 4, the coral number of subjective improve-

menrddeterioraeions during the 4-AP and placebo

rreatrnent periods as reported by the par.ienrs is shown.
A significant improvement was reporred by 18 pariems

during 4-AP treatment and by 1 parienc during placebo

rrearment, whereas a significant dereno~ ation was re-

porred by 2 parienrs during 4-AP a-earrnent and by 15

parienrs during placebo treatment (p < 0.05).

Concerning the FS, a significant improvement was
found for me pyramidal functions (p <0.01 ) afterche

permd WILi 4-AP rrearment. No signiiicanr changes
were regscered ~or the cere’bellar. brainsrem. sensov.
biadaer anc krwe!. and cerebral fhrscuons.

There were no

“he opuc ticuon.
Tabie 5

SuUSUCdlvSlxfpilicancchmges ifl

as measured with the VA arsc C:

,. /,.- .-. . . . . . . . .



Tabh J Est:mz;ed EffKr~ of Oraffy .4dm:niscemd4-Aminop) ndlnt {4-API on OPIIC Fun:rlon and .Mu mp~s:o[oglca[ re;:j
-.. —

Esomaced Effect 95~~ Confidence

Response Variable of 4-AP [nrervai p Value

visualaclliry’
OD — — 0.058
0s — — 0.399

Conrrasr sensiviry
OD 0.26 (-0.56, 1,0-/ 0.551
0s -0.07 (-0,95, 0.S1) 0.8-1

Visual evoked porenmd
Latency (rnsec) OD -3.86 (–6.9-, -0.-5) o.o1-
Amplirude (wV) OD 0.58 (–0.08, 1.25) 0.088
Iarency (msec) OS –316 (-7.13! -0.391 0.030
Arnptirude (pV) OS –0.28 (-1.0-.0,51) 0486

Eve movement regiscmrion
Smooth pursuit eye movemenr

Gainb 0.14 (0.06, 0.25) 0.001
%ccadic eye movement

Iacency (msec) OD -1.95 (-7.76, 3.8-) 0.506
vrnax (d/s) OD abd 21.65 ( -1.50, 44.80) 0.068
Vmax (d/s) 0s abd 28.99 (-6.80, 64.--) 0.113
Vmax (d/S) OD addb 7-.50 (137.1, 141.291 0.019
Vmax (d/S) OS addb 131.38 (5-.15. 205.60 0.001

‘M on Wdcoxon’srank-mm cesrbecauseof nomorrrd daa

bBased on rhe respom of cbe fusr rmrmenr periodbecauseof a resd~ effectof i-miwvmihe v <005 I

OD = rigk eye; OS = Iefs eye; Vmax = peak velocity; add = adducrmg; Ad = abducring d/s = degrees second.

Relapses occurred in 1 parient during 4-AP rrear-

menc and in 4 @enr.s during placebo treatment.

The resuics of dse neurophysiologicai assessrnem are

summmized in Table 5. A sraciscicaily sign.ificanc effecr
of 4-AP was found for rhe VEP Iacencies of both eyes,

while there was no signihcam change in VEP ampii-

mde. The EMR showed a scaciscicaliy significant effea
for rhe smooch pursuit gain and che addurnon peak

velocities of both eyes.

S~ Effects and Taiciry

Side effecrs (Tabie 6) were experienced during borh
-enc periods by IO paienrs and during one of
bcxb by 44 paaenrs (6 during placebo and 38 during
4-AP creacmenc, p < 0.0001). In general, these subjec-

tive side effecrs were repot-red co be mild, airhough 14

pariencs (ail on 4-AP rrearmem) needed a dose reduc-
tion and 4 pxiencs (3 on 4AP, 1 on placebo) withdrew

km the srudv because of subjective side effecrs. Mosr

parients repot-red these side effecrs co war 50 co 45

Immures tier raking the medicauon, while rhey gener-
d.iy resoivecjwirhin2 co 5 houm,

A number OF incldenui Wriesses were obsene~.

kng the 4AP trearm$nr phase, rhe diagnoses were
wsuus (2 pmenrs), sromuus ( 1 parieml.u=mlenr~-
C2rra ~1 pauen[;, ~~~e of_ a mewqraJ bne ( 1 pa-

tsenr). and an~e &rofilon [ I paaenr). During the pla-
C~DO crearmen[, [he &~oses were mSUDS I 1 pauenr
=gn.a of tie &oW I I paen[), deep venous thrombc.

Tab&6. Subja-ztw Si& EffKts fCortdnnatiom ui;hln

Pa~ients Did Occnr)

No. of No. of
Subjective Pasienrs during Pfiencs during

Side Effecrs 4-AP Period Placebo Period

Total oo. of paciems 48 16
wirh side effects

Paresrhesiasand 15 10
dysesrhesias
(pCTiOd, hands
and feet)

Dizziness 36 4
(ligh[-headedness)

G-an lnscabdiry IL 1
Nausea (and 9 —

vomsting)

Rf2sriessness and 4 —

umery

Abdomsnal pan 5 —

Obsnpauon i —

Headache — i

4-AP = +.umnopvname.

$



sis in the leg ( 1 parienc), and a fracrure of che COUUM

of the hip ( I .x.ciem). In all these @ents, rhe reason

to the insca.1.ledcreacmenr was appropriate.

No epdepoc fits were encountered. in2 paciems,
significantchangesintheEEG werefound.in1parienr
generalized spikes and spike uwes were recorded dur-
ing 4-AP cr~enr and in I a significance increase in

temporal slow-wave acuviry uas observed during pla-

cebo WXUMtiL

The blood rem did nor show any significant effects

of 4-AP on me hemarological renal, and heparic pa-
rameters or de electrolytes (all d-p > 0.05). Abnor-

mal values in individual parienrs were always clinically

irrelevant anti transient without requiring changes in
r.he creaanenr promcol.

Pwf~ct and Pdirtion

Of the 62 parien~ who were able co compare rhe effi-
cacy in both periods, 20 did nor have a preference.
Thirrpme piuiems preferred tie 4-AP period and 11
preferred &e placebo period (p c 0.01). Ferry-six pa-

tients (our of 62) rhoughc Au rhey were able ro predicK

in which of che nvo oral mumenc periods 4-AP w
given. For 41 paciencs, this prexMon was correct and

for 5 it was not (p < 0.0001).

Rupon& to 44mino@ditu
Eighteenpuknts (29.5%) were chamcrerized as being
responders to 4-AP. The percentages of responders in
pariencs with and parierm without subjcxzive side ef-
feccs during&e 4-APpericxi were _vely, 35.5%

and 33.3% (P = 1.0). Pacienrs with side effecs dur-

ing both creacrnenc periods were excluded Ecom this
analysis

IMerences in patient characteristics benveen che re-

sponders and the nonresponders m 4-AP were found

for a numkr of mriables. SignificanLIymore respond-

ers had a longer durarion of disease (response races

rising from 7% fir pacienrs wir.h a disease durarion
< 3 years m -%% for pariencs wirh a dkzse dumcioa

> 10 y- p < 0.05), had increased EDss scores
(response raresrising from O in @enrs with an EDSS

score s 3.5 m 42% in pariencs with an EDSS score

= 5.5, p = 0.01), had incnms.ed pvramiclal function on

che FS (p < 0.05), were in a chronic progressive form

of rhe disae as compared m a reiapsing-remir@
form (response r-ares 37% and ~%, respemveiy, p <

0.05), and were temperature senwave x compard co

noncemperarure sensitive Irespense mres of 38~c w-cd

13PC, res~ely, p < 0.05 I. Xo signticw.r dti-er-
ences were 5xna for age (p = 0.076): sex I? =
0.852); age c; onset (p = 0.329). progressioncoefi-

clenttp = O.L-5~;ma ce.rebedar,2= 1.0’.bmmsre.m

p = 0,j~8,.SenSOt_V[p = 0,-991.and bixcie: LrIC

bwel (p = !3.6-2 Mcnons on tie FS. Using io_zsnc

mgr~SiOfl. C& “durmon Oi L+ disexe” and tie “:em-

peraru.re sensiriv:ry of symptoms” were the rnosr im-
pc)rrantprognosrlc Eacrors.

Discussion

The results of this randomized, double-bLnd, placeb

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

the main evaluzion parameter, demonscrare char 4-AP

is superior co placebo and has a favorable effect on tie

chsabiliry of MS pacienrs.
A significant difference concerning che mean EDSS

score of 0.28 @nc was found in favor of the 4-AP

period compared CO rhe placebo period. This differ-

ence occurred irrespective of che cross-over design of
the trial, as shown in Table 2. In both the placebd

4-AP and the 4-AP/placebo patient groups, the EDSS

score decreased during 4-APandincrmedduringpia-
ceborrearmenr-
SincechangesintheEDSSarenocofequalimpor-

tanceovericswholerangeandsincea differenceof
0.28EDSSpoincisclinicallyirrelevant(thesmallesr
changechatcheEDSSrecognizesbeing0.5point), it

might be more approptie to analyze the m.udxr of

pa.ciems char showed a change of 1.0 point or more on

the EDSS.Mosterpercsagreethatachangeofatleast
1.0pointrepresennasignificantchangeinthecontem
ofaclinicalti rhischangebeingindicativeofan
impormntchangeindM disabilityofanMS parienc
express~forexample,betweenEDSSscores5.0and
6.0rhecequiremencofconsmntas.siswce(cane,
crurc4brace)cowdk 100to200m andberween
EDSSscores6.0and7.othedifferenceberweenking
abletowalk(althoughrequiringassismnce)andbeing
essentiallyresrricredtoawheelchair[9,13–15}.A sig-
nificantdecreaseinEDSSscoreswasseenin10pa-
riencs(16.496)d@ 4-APmeumenrwhereasitwas
nocseenduringplaceboweuznent.A signi6cancin-
creaseinEDSSscorewasseenin3 paciencs(4.9%5)
duringthe4-APperidandin11pariencs(18%)dw-
ingtheplacetm period. Of course, rhese dam are influ-

enced by che cmss+ver design of tie study, since, for

example, in 4 paciencs an improvement during 4-AP

cceacmem in the first period was followed by a decers~

Won during placetm r.reacment in the second period

(probably dared to 4-AP withdrawal). Because of the

shore duration of each rreacmenc period and because

of rhe Cross+ver design, we refrained from analyzing

the time to reach a significance change.

Our dam confirm rhe conclusion of Davis and col-
lqes [3] and SCefoski and ~iares [4] ti or~Y

xirn.uutered4-AP can produce clinicallyimporran[

unprovemenrs inMS pa.cienrs,although rhe percentage

Oi panenrs showing significantimprovement ismuch

Icwer r. our srucv T7-usnmg.htac leastin parrbe due

cc me iacr that these authors used a rarher uncommon
WIV [O zsxss he de of ne~io~cd dysfincnon.

Mo[or Mrnon, ~slom ~d domoror funcuon were

128 Anti a- !%udogy Vd 32 Xo 2 ,4-: !992
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examined separately and even in che czse of a small

- tiprovexnenc in one of these funccions, dse pacienr
.= idencitied as responding to 4-A.P. Of course, an

improvement of 1.0 EDSS point or more (which was
found in 16.4% of our Paciencs) is much more cMculc

m achieve [13-15]. The number of Pca.ciencsimproving
in our srudy is much higher when noc oniy the EDSS
but ako the subjecnve responses as scored by the pa-
aem are taken into account. A sign.iiicam subjective
improvemem (defined as an improvement char signi6-
candy af%cred che tiviaes of nod daily life) was

ind.icared by 29.59% of che paiencs, due co the facr chac
in a number of pariems a subjective improvement
was not represenmcl by a sigrdcam decrease in EDSS
scores.

Serious side effecrs (e.g., epileptic tits, severe dis-
eases, severe Iaborarorydetermi.ned abnormalities)
were not encountered during this study. The absence
of epileptic firs is remarkable since epikptogenesis due
,so4AP hasbeenreportedprevioudv[18,19].This

migtx be due co our dosage scheme, which allowed a
nruimum daily dose of oniy 0.5 &kg of bOdy weight.

~’k epileptic coavukions reported in cbe Iirerarure did
~occur ar higher dosages (> 0.8 mg/kg of body weight).
E Subjective side effecrs (especially dizziness, pares-
?skias, gait irsstabiliry, ~ restktssness, and ab
-pain), onrheocher hanct~obaemwdk

~dy (69.6%) during rise 4-AP ucacment pericxL

!* since the percentage of responders was exacdy
~the same m patients WIrh and panencs without sublec-
~tive side effecu.

‘--Another facror m ~avor of 4-AP is che si@cmr

iP.Ovemenr m a nuber o~ neuropbvsiological pa-

~~~ers during che trearrnent. The mdl bu[ sqgru6-

b

~ redumion m the P1OO Lxenq oi che VEP k m
-
- dance wirk previous &m {2-41. A sgnificanr

.7.

change in che amplirude of the VEP was not found. A

nwnber of eye movement parameters changed signi6-

cantiy during che 4-AP period. Although dara from
EMRs have nor ofren been used to assess r.reaunem
induced changes, we demonscrared chat they cm be
very sensitive in this respecr {12].

An anidysis of the characteristics of cheresponders
to 4-AP (defined as pariencs with either a significant

decrease in rhe EDSSscoreorasigni6cancsubjective
improvement) revealed chac especially cemperarure-

sensirive parienrs and paciems with a longer duration
of disease and in a progressive phase of che disease had
beneficial effkccs of 4-AP. ‘he finding of a signi6candy
higher response rare for cemperarure-sensiave pariencs,
compared to parienrs with uncertain or without rem-
peracure sensitivity, was not unexpected regarding the
parhophysioiogical conceprs of demyelinarion and rem-
perwure sensiavicy and the potassium channel blocking
tioo of 4AP. The higher esrimated probability of
improvement for temperacurt-sensiave pariencs proba-
bly is another kror chat accounrs for che very high
response rare in the reporrs of &e Chicago srudy group
[2-4], since only remperarure-semiove patients were
included in these studies. The Ming of a signifscandy

&dMTreTsoM*h@msdswxw~ bya
longer duration of disease,hcmasedEDSS SCOq in-

creased pyrami&l linccion oncbe FS, and beingin a

pee (comf-=d m m--mmi*) P- O(
tbec&a5e wasmoresur@@ In our view, ic is srmst

likely drafthcsef~ identify a subgroup of parksxs
in whom demyelinarion is prominenL A number of

-W srudies demonstrated rhac in patients with

p-e b ad a k~r dti~ of -.
demyelinadon is clearly presen~ whereas in pasienrs

with dapsing-remicring disease and a simmer duration
of disease, “~v changes m Oke!n predomi-
Ilanc [21].

In conchsio~ this firsr randomized, double-blind,

piacebo-conrroi.ied srudy demonstrates a f%orable ef-
fect of 4-AP on the disability of cermin MS pariems.

If this 6nding is conhmed in furrher srudies, it would
be a major srep forward in the txsmrmentof MS since

“a tide is a 10Cwhere there is I.kdeelse” [22]. It wotdd
also be a srirnulus for neurophysiological msezwch, borh

fursdamermd and chnid co explore timber perspec-

tives of this rype of inremenaon in MS
—

ThISstudy - banaally $llfl~ hT the %mchtingVncndeoMS
Research,- theNecberlands.

We thank& technologists Oi rhc Depa-unenr oi Clinsul NcuIo-
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D.

— E.

F.

G.

Chemical Name:

N-Methyl-2-(2-pyridyl)ethylamine dihydrochloride

Common Name:

Ger., Egypt, Greece, Net\ Switq U. K. Serc.*Seefileforvariousnamesindifferent
countries.

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

Quality Assay Tot. base (%): 98.965

Information about how the ingredient is supplied:

White to off white crystals, is odorless,crystalsobtainfromalcohol

Information about recognition of the substance in foreign
pharmacopoeias:

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

Seipel, J. H. and Meyer, J. S. Dementia. J C/in.,IPharm. 1975; 15: 144& 1974; 14:280.

Tighdet, B., Leonard, J. and Lacour, M. Betahistine dihydrochloride treatment facilitates
vestibular compensation in the cat. Journal of Vestibular Research, 1995; 5(l): 53-66.

Oostervald, W. J. Betahistine dihydrochloride in the treatment of vertigo of peripheral
vestibular origin. A double-blind placebo-controlled study. Journal of Laryngologv &
Otolom. 1984: 98(1J: 37-41.



Petermq W. and Mulc~ G. Long-term therapy of Meniere’s disease. Comparison of
the effkcts of betahistine dihydrochloride and hydrochlorothiazide. Fortschritte ukr
A4edizin, 1982; 100(10):431-435.

FraysSe, B., Bebear, J. P., and Dubreiul, C. Betahistine dihydrochloride versus flunarizine.
A double-blind study on recurrent vertigo with or without cochlear syndrome typical of
Meniere’s disease. Acts Oto-Luryngo/o&”ca, 1991:490 (Suppl): 1-10.

Pfial@ C. R. and Aoyagi, M. Calcium-entry blocker in the treatment of vestibular
disorders. Acts Oto-Laryngo!o~”ca, 1988; 460 (Suppl): 135-142.

Oosterveld, W. J. Efect of betahistine dihydrochloride on induced vestibular nystagmus: a
double blind study. Clinical Otolaryngolo~, 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:

Melting point: 152° C to 154 C
Incompatibilities:

Acids
Acid Chlorides
Acid Anhydrides
Oxidizing Agents

L. Formulations:

M. Miscellaneous Information:

~—..
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CKXLITY CONTROL REPORT

CHEMICAL NAME. :BETAHISTINE DIHYDROCHLORIDE

MANUFACTURE LOT No.:A011261301

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /NF /~RCK_/BP /CmM ‘=csC_—. —

l)DESCRIPTION .:

E
2

3

WHITE TO OFF WHITE CRYSTALS; IS ODORLESS, CRYSTALS OBTAIN FROM ALCOHOL.

VOLUBILITY. :

SOLUBLE IN WATER, IN ALCOHOL, AND IN CHLOROFORM.

MELTING POINT.:
MELTS AT ABOUT 148-149 degree.

—_
4)sPEcImc GRAVITY. :

5)IDEN’HFICATION. :
ABSOLUTION RESPONDS TO THE TEST FOR CHLORIDE.

FAILS .:PASSES. :

Comlm’rs. :

ANALYST SIGNATURE.: DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :

—
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[Jse your web browser’s “Back” key to return to previous topic,

MATERIAL SAFETY DATA SHEET

2-(2-(Methylamino)ethyl)pyridine dihydrochloride 997.
32311

**** SECTION 1 . C~M:Cfi pRODUCT AND COMPA~ ~J7NT~ICATION ****

MSDS Name: 2-(2 -(Methylamino)ethy l)pyridine dihydroehloride 99V0

Company Identification: Acsos Orqanics ~.V.

.——._

For
For
For

+---

One Reagent Lane
Fairlawn, NJ 07410

information in North America, call : 800-ACROS-01
emergencies in the US, call CHEMTREC: 800-424-9300
emergencies in.the US, call CHEMTREC: 800–424-9300

**** SECTION 2 _ Composition, INFO~TI(_jN ON ING~DIENTIs ****

-------------+--------------------------------------+----------+-----------

I CAS# I Chemical Name 1% \ EINECS#

l---------------- l -------------------------------------- l---------- l-----------
5579-84-O [2- (2- (methylamino) ethyl) pyri.dine 99 I 226-966-5

I I di.hydrochloride 99% I I
+----------------+--------------------------------------+----------+-----------+

**** SECTION 3 _ HAZARDS 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 M~URES ****

Page lof5

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.



MATERIAL SAFETY DATA SHEET Page 2 of 5
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Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or watex.
Get medical aid immediately.

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

Notes to Physician:
Treat symptomatically and supportively.

***+ sECTION 5 _ FIRE FIGHTING ~URES ****

General Information:
As in any fire, weaE 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.

**** SECTION 6 _ Acf.IDENT~ ~L~E M~URES ****

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.

**** SECTION 7 _ mLING and STO~GE ****

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.

● *** SECTION 8 _ ExposuRE co~RoLs, pERso~ protection ****

Engineering 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 PELs\
l-------------------- l------------------- l------------------- l----------------- I
I 2- (2- (methylamino) elnone listed lnone listed Inone listed
I thyl)pyridine /I I 1
I dihydxochlor 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 :

Skin:

Clothing:

Wear chemical goggles.

WeaI appropriate protective gloves to prevent skin
exposure.

Wear appropriate protective clothing to minimize
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contact with skin.
Respirators :

A respiratory protection program that meets OSHA’S 29
CFR 11910.134 and ANSI 288.2 requirements must be
followed whenever workplace conditions warrant a
respirator’s use.

**** SECTION 9 _ pHySIC~ AND 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.
Boilinq Point: @ 760Jj.QzunHrf

Freezing/Meltinq Point: 157.00 154.00 den c
Decomposition Temperature: Not available.
Volubility: Not available.
Specific Gravity/Density: Not available.
Molecular Formula: c8H12N2.2HC1
Molecular Weight: 209.12

+*** SECTION 10 . $jTJ@ILITy AND REACTIVITY ****

Chemical Stability:
Stable under normal te~eratures and pressures .

Conditions to Avoid:
le ~ strona Q~

Incompatibilities with Other Materials:
Not available.

Hazardous Decomposition Products:
Irritating and toxic fumes and gases.

Hazaxdous Polymerization: Not available.

**** sECTION 11 _ TOXICOLOGICAL IN’Fo~TIoN ● ***

RTECS# :
CAS# 5579-84-O unlisted.

LD50/Lc50:
Not available.

Carcinogenicity:
2- (2- (methylamino) ethyl)pyridine dihydrochloride 99% -

Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.

**** SECTION 12 - ECOLOGIC= INFo~TIoN ****

**** SECTION 13 _ DISpc)SAL CONSIDERATIONS ****

Dispose of in a manner consistent with federal, state, and local regulations.

RCPA 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.
RCRA U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** sECTION 14 - T~SpORT INFORMATION ● ***

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.

*“* SECTION 15 - REGULATORY INFOP.M.ATION‘*’*

US FEDERAL
TSCA

CAS# 5579-84-O is not listed on the TSCA inventory.
It is for Kesearch and development use only.

Health & Safety Reporting List
None of the chemicals are on the Health & 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 depletoxs.
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 cons
by OSHA.

STATE
Not present on state lists from CA, PA, MN, MA, FL,
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: Not available.
Risk Phrases;
Safety Phrases:

dered highly hazardous

or NJ.

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# 5579-84-O i.s not listed on Canada’s Ingredient

Exposure Limits
Disclosure List.

**** SECTION 16 - ADDITIONAL INFORMATION ****

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 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 Fishex has been advised of
the possibility of such damages.

________________________________________________________________________________

Page40f5
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.-= Betahistitse 1224

1, a,. - deCIz. Schlesinger et a~, ibid.

)um borohydride, but less volatiIe. SW
de. Sublimes at 91 .Y, Dcc above ],
Reacts vigorously with water, HCI

m Bromide. BeBrl; mol wt 16S. 82.
Prepn: Ehrlich in Hand&ok s# PreP)

~irr~~, TOI. 1, G. Brauer, Ed. (Acaderi

2nd cd., 1963) p 891. Rewew of &q
Advum Inorg. Chem. Radiochem. I

{ystafs, d 3,465. mp 506-50?, also n
11, foc cif. Sublimes at 473’. bp S2f
Freely sol in water. By saturating tf
with HBr, the retrahydrate is forrrso

midinc (185.6 gll), in ethyl bromide (f,
ion compounds with aminea, alcoltd

n Carbide. CBC2; mol wt 30.04.
I

BcsC. Prepn: Coobs, Kcmhuk !
9, 115 (1952); ,MaIlett er uL, ibid lof

in Hand6aok of Pmpamfive Irrorgad
>. Brrsuer, Ed. (Academic Press, &
) p 899. iow.red octahedra, d [ .90, dec abon
kc by water, somewhat faster by nrioa.
byalkalieswiththeevolution of merj

d
tar core matertal: Schwarrz, U.S. x
KAEC). z

Chloride. BeCIZ; mol wt 79.92. ~
prepn from the elements: Tamrra.

22 (1957); from BeO, Cll and C: E&
Pqmmtiw Inorganic Chemistry, wA. ~
ictrg~ %@.s, New York, Znd ~.. ]963)
1: Cochran er al. Fed Pmt. %
ic /ilium hrdides: Bell, ,4d~
lem. i.% 255-332 [1972). *
{ellow, very deliqueac. orthorhomti
;. Reported mp ranges from 399.T to
‘!crcd to be the most reliable (Bell). @
7CU0at 30fY, d 1.90. Very sol in wata
c the aq soln is strongly acid. .%4~
lrre. CSZ. Insol in benzene, tO1u@

1211. Beryllium Hydride. &H:; mol wt 11.03. Be

81,72?”, H lg.~$~o. Lower purity material prepd by rreating
d,methy[bC@IIm with LLAIH4 in ether: Bsrbaras ● r al., J.

Am. Chem. *. 73, 4585 (195 l); higher purity by pyrolysis
of dl.(cm.buty!~ry i]lum: Coates, Glocking, J. Chem. &w.
~954, 2,526; Head et a{, J. Am. Chem.Sac. 79, 3687 ( 1957h
from tnphenyl ph~phtne and beryllium borohydside: Ban.
ford. Coat- J. C&m. Sac. 1964, 559I.

White sohd. Higher purity matensl is inert to laboratory
arr. L055of hyd.ro8~ at 190-2~ ned@ble. rapid a! 22~.
~cacts slowiy With water, mpldfy with dil acids. lnsol in
ether, toiu~e. Isovntane. Reacts with diborane to form
~llium Irorohydnde.

1212. Beryllium Hydroxide. BeH 0~ mol wr 43.03.
w 20.95%, H 4.6~0. O 74.37~0. ~OH~Z Prefm: Ehrlich
,n Handbook of Pre#a?mtiw[mrganic Chemrstry. vol. I, G.

Brsuer, ~. (Acad~lc pr=. New York. ~d ~.t 1963) P
894.

Amorphous p,wder or crystals. d 1.92. Amphoteric.
Very slightly sol m water and dil alkali. Sol in hot coned
f4aOH soln and acids.

USE: Manuf of beryllium and beryllium oxide.

1213. Beryllium Iodide. Bel:: mol wt 262.82. Be
J,43%, I %.57%. Prepn: Mcsscrknmhl, Biltz, Z Arrsrrg.
Chern MS. 152 (1925): Ehrlich in Handlmakaf Prepamtwe
[rrorganic Chemistry. vol. 1, G. Brauer, Ed. (Academic
Press, New York. 2nd cd.. 1963) P 892. Retiew of beryl-
lium halides: Bell. Adwm. frrotg. Chern Radiochern 14,
255-332 (1 972).

,Ncedles, mp 480’, bp 48LT. Very h ygroscopic. Sublimes
n vocuo. Reacts violently with warer. giving off HI. Ab-
wrbs ammonia. Dissolves in afcohols. aminea, wrth the
[ormation of addition compds. Keep nghdy cfosed

1214.BerylliumNitrate. EkN:O,; mol ~t 133.02. &
b.77%, N 21.06Y0, O 72. 17%. f3c(N0 )r Prcpn: Gmelin’s,
8eryllium (8th cd.) 26, IO2-104 (1930\.

Trihydrate, white COslightly YCIIOW.deiiqucsc n-yst mass.
MP ‘~. Vety sol in water, afcohol. Keep we[[ closed in a
rod piace. LDW i.p. in guinea pigs: 50 mg/kg, Handbook o{
Toxicobgy vol. 1, W, S. Spector, Ed. (Saunders, Phdadel -
phla, 1956) pp 46-47.

USE: Stiffening mantles us gas and acetylene lamps,

1215. Beryilium Nitride. *,X,; mol W 55.05. Bc
49.11%, N 50.89%. Prepn: Ehrlich in-Hand600k of %pam-
fiw fnmgaruc Chemiswy, TO1. 1, G. Brauer, Ed. (Academic
Press, New York, 2nd cd., 1963) p 898: Langsdorf, Jr.. U.S.
par. 2,567,51S (1951 to USAEC).

White crystals to grayish white powdec mp 2200 .@.
Volatile ar bp, on further heating it dissociates into Be ~d
)4V Oxiditi in air at m. Dec. SIOWly by water, qmckly
by acrds and ~kali~ with the evolution of ~monta.

1216. Beryllium Oxide. Bcryllia. BO mol wt 25 0[.
8c 36.03%, 0 63.97%. Prepn: Gmelin”% Beryllium (8th cd.)
26, 82-91 ( 1930k Ehriich in Handbook of PrepamtiveInor-
ganic Chemisoy. rol. 1, G, Brauer, Ed. (Academic press.
Yew York. 2nd cd,, 1963) p 893, Revtew: Lillie, U~A~C
U~L 6457, 23 pp (1961).

Light, amOfphous powder. mp 253tY. Very sparingly s01

in ‘water slowly SOI in coned acids or solns of fixed alkali
hydroxld~. AfIer ignition it IS almost msol in th= s0[-
Wtrt.s, pure (I~O) ~ ins~at~ eimrn~lly like a ceramic,
but ~onducm hat like a metal, Elcmnczd r~lstlti tY m Ohm-
m: > ]01~. Dielmtnc const at 8.5 @gacyclcs: 6.57.

USE: Ma”uf of &Vfli~m oxide cerarnt~, glass; in nuclear
rector fuelsad moderators; catalyst for orgamc reactions.

1217, &@fium Perchlorate. !3cClZO~ mol Wt 20791.
Be 4,33~0. CI 34. 10%, o 61.56% &(cIO,)r Prcpn: Gme-
~l~’s.&ry//ium (8th cd, ) 26, 12I ( 1930).

TcCrahydra~e, Very hygrOKopic crys[ds. Holds 11s water
~ CryStn tcnamoUSiy, Soly in water: !48.6 g/ 100 ml.

1218. Be~]]ium Poxium Ffuonde. F’orussl~m ~~m-
‘lUnroberv{laze. BcF,KI mol wt 163.20 Be 5.52?. F
46 56~o, ~ ~7,91~0, K,k F4. Prepn: GmAr’x B@i~~m

‘hh cd. ) z6, I ~Z ( 1930)~ Rewew of prepn and prOPCrWS Of

beryllium halides: Bell, Advan. Irrorg. Chem. Radiachem.
14, 255-332 (1972).

Hard masses, Sol in water. practically insol in ale.

1219. Berylliorrt Potassium Sulfate. BeKZO&; mol wt
279.34. Be 3.23%, K 27.99’7., 045.827., S 22.96%. BeS04. -
K#Ov Prepn: Gmefin’s Beryffium (8th cd) 26, 174 ( 1930).

Dihydrare, brilliant crysrafs. Sol in water, coned K$O,
aolns; practically inaof in ale.

u5E: In chromium- and silver-plating.

122f). Beryllium Se4errate. BeO,Se: mol wt 151.97. f3c
5.93%. O 42. 11%, Se 51.96%.BeSeO,.Prepn:Gmelin’x
Lferyf/irsm (8th cd.) 26, 144 (1930).

Tetrahydrate, orthorhombic crystals, d 2.03. Changes [o
the dihydrate at 10t7 and becomes anhydr at 3CX3’. Freely
sol in watec aq sohm of beryllium selcnatc arc 8ood solvents
for beryllium oxide.

1221. Ber@rtm Sodfustt Pltroride. Sodium tewajfuoro-
beryilam BcF4Nal; mol wt 130.99. Be 6.88Y0. F 58.02-.,
Na 35. 10%. Na#eF& Prcpn: Gmelin’% Beryliium (8th cd. )
26, 169 (1930). Review of prepn and properties of bcryl -
Iium halides: Bell, Advorr. lnorg. Chem. Rrzdiochem. 14,
255-332 ( 1972).

Orthorhombic or monoclinic crystals. mp -35(Y. Sol in
water.

1222. Beryllium Sulfate. BC04S: mol wt 105.08. Be
8.5870, 0 60.91 -.. S 30.52%. BcS04, Prcpn: Gmelin “s.

Bery(lium (8th cd.) 26, 130-141 (1 930). Tomcit y study
white er af. J. PharmacoL Exp. Ther. 102, 88 ( 1951).

Tetrahydratc. crystals. d 1.71. At about IOt7 loses
2H10. Very sol in water. Practically irrsol in ale. LDW i.~f.
in mice 0.5 mg Be/kg (Whi[c).

1223. Besipirdirre. ,V.pmPY[..V4.pytidin yl - IH-indal- 1-

aminq 1-(propyl-4-pyridy lamino)indole. C16HI, N3; moi wt
251.33. C 76.46%. H 6.82%. N 16.72?.. Cholinomimerlc
agent with nomdrcnergkc activity. Prcpn: R. C. Effland. J.
T. K3cin. Eur. par. AppL287,982(1988 to Hoechst); iderrr er
aL, US. pat. 4,970.218 (1 990 to Hocchs!-Rousscl); of hy-
drochloride: S. Kongaamut et aI.. U.S. pat. 5,356,910 (1994
to Hoechsz-RousseI). HPLC dctermn in plasma: R. S. Hsu
et aL. J Chmmamg. S72, 352 (1991). Mechanism of action
study: C. P. Smith er al., Drug Dew Res. 32, 13 ( 1994).
Pharmacokinctics: J. W. Hubbard ● t aL. J. C/irr. PharmacoL
35, 688 (1 995).

l=--

(’T’N.+-cH,1’
dN/

Hydrochloride, CI,HIIN,. HCI. HP-749. Crystals from
methanol. mp 212-214”.

Malcate, C16H17N3.C4H404, crystals from mcthanoi /ether.
mp 115-116’.

m

Methyf-2-pyn”dineerha namine: 2-
pyridine; [2-(2 -pyridyl)cthyl] methyl-

amine.’ ~H,zN2; mol wt 136.20. C 70.55%, H 8.88%. N
~f).s7~o. Prcpn: L6fflcr, Ber. 37, 161 ( 1904); Walter et al.. Y.
Am. Chem. Sac. 63.2771 (1941).

H
N

r

N,

1;
CH3

Liquid. bo~ I 13-114-. Soluble in water, alcohol. ether.
chIorbform. “ -

Dthydrcchlonde. C8HtzNr2Hc2. Lka.wrc. Serc. P’asrrmo-
Ial. Crystals from z2c. mp 14 S- 149.

MdcaLe. CaH12Y:. C4H404, Suzutolon.

Corrsui! (he .\time Index bt-jom using this section. Page 197
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1616 Vasodilators

but it was suggested that berrziodarone should not be 9? ~J-q h
used in gouty padenu with thyroid irregularities.— J. P.

Camus el 4[., Revue Rhum. Mal. osr~c-articuhsires.
>

fietahistine Hydrochloric PT 94
61973, 40, 14fJ,per 3Wrapfr, 1974.29, 15, Methvl-2-(2-pyridvl )ethy amme dih}drrxhloridc.

Jaundice. The Committee on Safety of Drugs had
“C$H,2N1,2HCI =209.1.

received retxrta Of I 1 cases of iaundice ~urring in CAS — 5638-76-5 (be[ahistirrt.!; 3579-844.
-—sat iems beln~ treated with berrziodamne (Card ivix). — {h vdrochloride)-. ---, .

~. A, Cabal (letter), B? med. J., !964. ?, 882. Scrutiny A white or creamy.white. odourlcss. hydroscopic,
,( Individual case histories and clinical dam of the I I

cases of jaundice reported above did not confirm that h?:::W:;;:r;;:e?:l;::
bcnziodaronc was responsible. Two eases had features

which suggssted there might be a connection and

another case proved to be a csrcmoma of the head &

(he pancreas. As the specific cause was in doubt. Cardi-

vix could nol be clear~ and the man~facturem ~d

withdrawn the drug from the market pending further

information.— J. Vaicnmre ef al., Fisons (letter), ibid..
882.

PrccasstSorra. Benziodaronc should be given only with

caution to patients with iodine sensitivity and to patients

taking anticoagulants.

fateractions. For [he effects of benzicx+arone on anti.

wagulants. see Ethyl Biscmmacetate. p.7? 1, Phcn.
procoumon, p.774, and War farin Sodium, p.778.

Abaorptkosr arr6 Fate. Benziodaronc ia absorbed from the

gastre-intestinal tract. ft has been rcpormd that maxi.

mum concentrations In plasma acctsr about 6 hours after

a dose; Lrenziodarone is concentrated in the liver. Excre-

tion is mainly in the faeccs and may be delayed by

reabsssrpt ion.

Uses Benziodamne is a vascdila[or which has been used

in the prophylaxis of ang!rra pectoris and after myocar-

dial infarction.

Benziodarone has also been given to dimmish uricaemia

m gout.

Cardiac disorders. References to the use of bcnz.

iodarone in angina pectoris: P. Dailheu-Gcoffroy and J.

Nataf. Presse nr{d,, 1961, 69, 971: P. Davies cr al.. s%.

med. J.. 1963. 2. 359; S. Blake and D. Keclan. J, lrtsh
med. Ass., 1964, 54, 42.

Hyperarricaemic In 59 pa[ients with gout (wi[hou[ renal
~c”li and with a blood-urea concentration not eXceed-

-— 1 mg per ml) serum-uric acid wncentra!iom were

cd in all except one, to less than 70 gg per ml

-. .er treatment with benziodarone 300 mg daily, though

the effects on blood concentrations and ckarancs of

practically msaluble IrI chloroform and ether,
Store in airtight cantainera. Protect from light.

Adteme Efferm. Nausea, headache. and
exacerbation of peptic ulcer have hem reported.

Trestment of Adverse Effeeta. In the case of
severe overdosage the stomach should be emptied
by aspiration and Iavage. ff necessary the
circulation should be maintained by infusion of
suitable electrolyte solutions. The wsscdilator
effect of &tahis\ine is stated to be inhibilcd by
antihistamines.

Preemstioasa. Bctahistine hydrochloride should be
given with care to patierrk wilh asthma, peptic
ulcer or a history of peptic ulcer, Ii should not
be given to patients with phaeoehromocy[oma. It
has been suggested [hat it should not be given
concomitantly with antihistamines.

Abaarption and Fste. Betahistine hydrochloride is
readily absorbed from Ihe gastro-m[cs[inal tract.
It is converted to 2 metabolitcs and peak concen-
trations in blaosf of the 2 metabolizes are
achieved within 3 to 5 hours. Most of a dose is
excreted in the urine, in lhe form of the met-
abalites. in about 3 day.,

Uaea. Betahistine hydrochloride is an analottug~
histamine mt~~imcd to irnpro@4,h’I...tnj9cQ-
-a~.- lt IS used to reduce \hc frequency of

~~t~of dizziness in some patients with
M

. . .
~ose is 3 m~ thrice

aily taken prefer~bl w’
~mg shouln &4’’#&$lz!@!%
tine has also been u m- the treatment of
fustammc tteaaache. .—

ftedssares. In a studv in 18 elderlv catients with decubi.
tus ulcers. 9 t KxJ-for abut 3 rnoktlss with betahistine

tablets ch m 4 II
urea were variable. Side. effccu Included weakness” [ 1-1

~~

fnstierrts), restless legs (2), dizziness ( 1), and impotence K-e%%ti)+$$m::

(2).— A. Ryckewaer! ef al., Thkrapeutique. 1911, 47, that s[mdar results might fotlow the application of local

371, per Abstr. Wld Med., 1971. 4S. 772. hsat alone or combined with hydrotherapy.— M. R.
Sather er al,. Drug Inte[l. & clin, Pharm., 1977. II,

In 40 oadents with hvoertension and normal renal func- IL.

lion mkn initial serurn-unc acid concetrtratmns of 62 pg
, “A,

Oem#rnfia Studies In[o the role of betahismrc in
per ml rme rapidly after commencing treatment with

diuretics-usually thiazldcs-reaching a mean of 88 II .&

rwieaclcrosis and dcmenlla: J, H,

.~nd 4:;floam. J. clin. Pharmac., 1975 1 IU J. SeI
per ml; the wncentra{ion fell to normal in all but I ~f,, ibjd,, 155;

patient within a week of being given benziodaronc 100 H. Seipcl t-r af.%?%%?#I$.d’”“4’“’2s0’ “
10 200 mg daily. the mean value after 4.5 months being
S3 ~g per ml. MOSI of r 1 patients with impaired renal

function also received berrefi[.— G. Lagrue d ai.,
Presse mid.. 1971, 79, 849. per Absrr. W/d Med., 1971,
45, 150.

Proprietary Nmrsss
Ampliacor /RILS Pharma, //a/,); Amplivix /f.das, BcIK.:

Headache. N inet y-[hree of 160 pa [tents, moat of w horn
suffered from headache of varied cause. were imuroved
after Ireatmeni with bcrahist]ne h dmchlorld e.’ 2

-- B ~,ROn.n and f+vvon Lerkrs. pr~
ayo Iin.. 1962. 37, 692. Of 184 mwents

with bissa mine bdache, 105 ob!ained relief after treat-
ment w!th betabisline hydmchlorlde. 2 to 25 mg da!ly.—
B. T. Hoflon, ibid.. 713.

(Jap } kficrowr (//a/./: Py,rit ylul,on. Remark, Riptonim

+i5ff+&IaIc/ (all Jap ,; .smmcnmr /SfraIn/; S“zotolW
Tenyl-D (both mcsyiate~ h~h ~ap.): Vasomolal (Gcr.~
UruLal (Jug).

9214-p

Buphenine Hydrochloride. Nylidrin Hydr~
chloride (U.S.P); Nyiidrinium Chloride. l-(4.
Hydroxyphenyl)-2 -(1-me[hyi-3-phenyl-
propylamino)propatt- I -01 hydrochloride.
C, GH15NO:,HCI=335.9..
CA.S — 447-41-6 (buphtwine); 849-SS-8 (hydr+
chloride}.
Pharmacopoeias fn U.S.

An odourless, white, crystalline powder. %Irsbk (
in 65 of water and [ in 40 of alcohol: slightly
soluble in chloroform and ether. A 1% solution in
water has a pH of 4,5 to 6,5. Store in airtight
containers.

Ad~eme Effects. Buphenine hydrochloride maY

cause tmuse~ and vomiting. lrembling, nervou.+
nesa, weakness. dizziness. and palpitations.

Treatassent of Adverse Effeets. fn severe over.
dasagc the stomach should be emptied by aspira-
tion and Iavage. [f necessary, the circulation
should be rtutinttined with infusions of suitable
electrolytes.

Preeatstiotss. Buphenine hydrochloride is contra-

indicated in patwnts wi[h myoc~rdial infarction,
hyperthyroidism. paroxysmal tachycardia, or
severe angina pectoris.

Absorption and Fate. Buphcninc hydrochloride is
readily absorbed from [he gastro-intestinal tram,
its effect begins in itbout 10 minutes. reaches a
maximum in atiut30 minutes, and lasts for
about 2 hours.
Investigations in J,;,~~ indicated that buphcninc is

excreted in the urmc m the free bmc and its glucuro.
nidc. — H. Li and P Cewonl. 1 pharm. Sti.. 1976, 65,
1352.

Uses. Buphenine produces the effects of beta-
adrenaeeptor s[[mulation. It is reported to
increase pcriphemi blcad flow mainly by direct
action on the or!eries and ~rterioles of the skele-
tal muscles. It has little effect on the vessels of
the skin.
Buphenine has been used in the treatment of
peripheral vascular disease.
It has also been used in the treatment of
M&ti&re’s disexe and other disorders of the
internal ear.
The usual initial dose of buphenlne hydrochloride
is 6 mg by mouth thrice daily, which may be
increased to 36 or 48 mg datly in divided doses,
if necessary, ft has also been given by subcu-
taneous or intramuscular inJection,

D@css. For Ihe use of buphen!ne hydrochloride in
percephve deaineas, see T. J. Wilmot and J. C. Sey-

mour, Luncef, 1960. i, 1098.

&nrcnIirs A study of buphcn!ne in elderly patle”ts with
cognitive, emotional. ~nd pby,ical tmpairmcn[, — .S. E.
Goldstein and F. Birnbnm. J cltn. Psychmf,, 1979, 40,
520.
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Serax(cent‘d) Adverse Effecw Occasionalpattentshaveexperiencedgastrrc
unset,nauseaandheaaactre. .7

and coma may ensue. Fafalifies rarely occur except when
+###%%

Doaapa: Usual adult dosag? has been 4 to 8

other mugs, alcohol or aggravamg tacrors are mvloved. Hypa. ~. Therapy IS adjusted as neeaed to

lens!on anct resprrarory depressions are nol found frequently
response Dosageea&~— r a Ma~-
lmum recfiended dally dosage IS 32 mg —,

unless omer mugs have been assocla!ed. 5

Treatment: There is no specifrc antidote. Gastric
, ;~~ZZ;Z;;h;l;*-Zn?;Z~~$;

s-Java9e pef’fomed ear~ after mgestlon of the drug may be HCI 4 m Nonmedlcmai mgredlents, comslarch, FD&C Red
‘enef!c ial. Managemem ConslsfsOfWPPOffive measures and ~~~se, Maoneslum stearate and ourrfieo sillca, Gluten.
Jose supervrslon and nmnitortng, Cati!ovascular and CNS

.

_.
..

snmrnants may oe useo, n neces5ary. Afmougfl oxazepam MS
a relatively long half-life, fh+ use of dialyws is of question-
able value.

D-e The dosage must be individualized and caretulty
titrated in orderto avoid e~ewve sedation or mental ~d
motor impamnent.

As with other anxlofytic sedatives, short courses of treat-
ment should usually be the rule for the symptomatic refief ot
dmablmg anxiety in psychoneurotic patients and the initial
course of treatment should not last longer than 1 week without
reassessment of the need for a iimifed extension, Mially, not
more than 1 weeks supply of me drug should be provided
and automatic preacriptron renewals should not be allowed.
Subsegment tzrescriDfions, when retruired. should be limited to
short courses of therapy,

The adutf dosage 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.
Elderly and debilitated patients: The recommended dosage IS
5 mg once or twice daily, as tolerated. haibate treatment
always by the lowest dose and increase graduafly as needed
and tolerated.

Supplied: 10 mg: Each light yellow, scored Titradose tablet,
imprinted SERAX and 10, contains: oxazepam 10 mg. Nonme-
dlcinal ingredients D&C Yellow No. 10 Aluminum Lake, FO&C
‘Yellow No. 6 Alummum Lake, lactose, magnesium stearate,
mlcrocrystalhne cellulose and polacritin potassium. Energy
2.97 k.f (0.71 kcal). Gluten- and tartrazme-free. Bottles
of 100 and 5C0

15 mg: Eash yellow, scored Tfiradose tablet, imprinted SERAX
and 15, contiins: oxazepam 15 mg. Nonmedminal mgredienk
D&C Yellow No 10 Aluminum Lake, FD&C Yellow No 6 Alu-
mmum Lake. lactose, magneswm sfearate, microcrystaihne
cellulose and polacnlm potassmm. Energy 2,B5 IcJ(0.68 kcal).
~luten. and tartrazine-irw. Botfks of 100 and 500
—.

I mg: Each peach, scored Titradose tablet, imprinted SERAX
dnd 30, C4mtams: oxazepam 30 mg.Nonmedlcinal ingredlerrls.
FD&C Yellow No. 6 Aluminum Lake, lactose, magnewum stea-
rate, microcrystalline cellulose and polacrilin potasswm.
Energy: 2,64 k.1(0.63 kcdl). Gluten- and tarfrazme-free Bottles
of 100 and WI.

(Shownm Produc[ Recognition Secfion)

Y“olvay Pharma

-1[----

Antivertigo

Pharmacology Palholotycally, the attacks of vertigo associ-
ated with Memere’s disease are associated with an accumula-
tion of fluid m the memfrranous Iabyrmth of the inner ear
(endolymphatlc hydrops), and an increase m endolymph pres-
sure. II is less helpful against the progresswe decrease in
hearing aculfy. Information on absorption, metabolmm and
excretion of betahisfme IS not available Ammal reproductive
studtes have nol shown any adverse effects.

Indications: May be of value in reducing the epwodes of ver.
tlgo in Meniere’s disease. No claim IS made for the effective.
ness of betahislme in the symptomatic treatment of any form
of ve~lgo other than thaf associated wtth Meni&re’s disease.

Corrtraindicafions: NOI to be admmstered to patients with
actwe peptic ulcer or a histo~ of this condltton; pheochromo-
cyloma.
Children. Not recommended for use in children.

Precautions: CauOon should be exerc!sed if betahmtme IS
admm!stered 10 patients with bronchial asthma. Betahistme
should not be used concurrently wth antihlstamimc agents

‘— ‘regrrancy and Laclafmn Safe use of betahistine during preg-
mcy or Iactauon, or m women of chddbearing age has nol

yet been establmhed

and farfrazme-free- Bottles of 100

(Shownm Product Recognition Secfron)

SERENTIL” B
Novartis

Antipsych&”c

Pharmacolog~ Pharmacological studies m Iab+xatory ammals
have established that mesorrdazine has a spectrum of pharma-
cological activity comparable to thioridazme, excepl that its
effects, other than cataleptic which is weaker, are more pro-
nounced.

Following oral admmistrafion, mesoridazme is well absorbed
with peak blood levels occurring at 4 hours.

Approximately 30 to 4096 of a dose IS recovered in the
UriIM and 25 to30%IS recovered in the teces, even after
i. m, administration

Indkatlons The treatment of both the acute and chronic
states of schizophrenia: organic brain syndrome and mental
retardation associated with psychotic symptoms or where psy-
chomotor disturbances are predominant: treatment of some
patients with symptoms of alcohol withdrawal

ConlraindicafMm Severe CNSdepression, comatose states,
blood dyscrasias, bone marrow depression, hver damage,
hypersensitivity to mesondazrne: cross senwtivny to other
phenothiazhtes may occur Hypercenslon or hypolenswe heart
d!sease of extreme degree.

Precautions Occupatlonai Hazards: Where patients are parbc-
Ipanng m activities requmng comple!e mental alertness
(e.g. drwing) it IS adwsable to admmister the phenolhiazme
cauflously and to increase me dosage gradually

Attention should be paid to the fact that phenothmmes
are capable of potentlabng CNS depressants (e g. anesthetics,
analgesics, hypnotics, antrhlstamines, opiates, alcohol, etc.)
as well as atropme and phosphorus msectlcides They may
also potenhate cumwdme’s mhibltory effect on cardiac contrac-
tihty

Since ocular plgmemary changes have been reportea with
phenothiazmes of the plpendme class the possrbihy of thm
side effect carrnol be excluded

Prolongation of the OT interval, flattening and reversion of
the T wave and appearance of a wave tentatwely identified as
a bdid T or a U wave have been observed m some paoents
receiving phenothrame tranquilizers, including mesoridazme.
These changes appear to be reversible and related to a dw[ur-
bance m repolanzation. Mesoridazrne should be gwen with
caution to pabents with heart disease

Leukopema, granulocyTopen[a and/or agranulocylosls have
been reporled following phenothmzine therapy The possibility
of the occurrence of blood dyscrasla cannot, therefore. be
ruled out. Therefore, pabents should be observed for any signs
or symptoms of blood ctyscrasla. ft is also adwsable to perform
regular blood counts, parlcularfy during the ftrsi 2 or
3 months of therapy and on the appearance oi SUSPICIOUS
cfinical signs

Hypotenslon, wfrich IS Wplcally orthostatic, may occurespe-
cially m the elderly and m alcoholic patients with e!fher dosage
form. Assumption of the head down supine position will ordo
nardy bring the blood pressure back to normal On rare occa-
sions, and more so after parenteral admimstrabo!i of the drug,
prolonged and severe hyoolenslon may occur, requiring the
use of vasopressrr$. da administration of epinephnrre should
be avoided in the treatmem of ~henothlazme reduced hypoten.
slon m view of the fat: that phenothwmes may reduce a
reverse epmephnne effec: and aggravate the hy~otenslon
Pregnancyand Laclaoori Safe use of mesorldazme m human
pregnancy has not been es:abltshed Therefore, N should not
be administered to women of childbearing potential, Darf!cu-
Iarfy dumrg the first trimester of pregnancy, IJnleS5 the
expected benefit to the uaoent outweighs the potennal risk to
the fetiJS. Mesorldazme may appear m human breast milk

Adveraa Effec& Drowsiness and ~tension ant the MO;
prevalent adverse effects enmuntered. Sedabon, h~tensrorr
and other autonomic effects tend to occur MOI’S freciuentiy
earty m the treatment or when mibal high doses are used.

When these reactions occur ~ey can USUally be Controlled
by a reducoon m dosage. In mild cases of hypotensfon,the
head down posrtion may oe adequate. In severe cases of
hypotenston, a pressor agenl such as Ievarterenol b~rtrate
may k used. Epinephnne snould not be admimsfered, since
it may result in a further f~l of blood presure.

The following adverse rwtions have been reported with
phenothmzme derivatives and maY occur with mesoridazhe,
Behavioral reacdons: wersedation; impaired psychomotor
function; paradoxical effesfs, such as agitation, excitement,
insomnia, bizarre dreams, aggrav’abtm of psychotic symp.
toms; and toxic confusional states,
CNS: extrap~midal reactions, including Parfonscmism (with
motor retardation, rigidW, masklike facms, tremor, salivation,
etc.); dystonic reacticms(including facial gfimachtg, tics, torfi-
colfis, oculog~ crises, etc.); and akafhisia. Persistent dyski-
nesJas rearstant to freatrrwnt have also beerr reponed. In
addtion, sfowing of EEG, dciturbed body temperature. and
lowering of the convulswe threshold have orxurred.

Ta~lve dyskinm”a may appear in some patients on long-
term anfipsychotic therapy or may appear after drug therapy
has been dwontimaed. The nsk appears .s0 Ja greater m
elderly patients on highdose therapy, especially temales. The
symptoms are persistent and in some pattents appear to be
lm.verQble. The syndrome IS characterized by rhythmical
involuntary movements of me tongue, face, mouth or jaw
(e.g. protrusion of tongue, puffing of cheeks, puckering of
mouth, chewing movements). .Sirmetimes fhese may be
accompanied by involuntary movements of extremities.

There is no known effecbve treatment for tardive dyskmes[a:
antiparhsonian agents usuaf~ do not alleviate the symptoms
of this symdrome. All antipsychotic agents should be discon.
tinued if these symptoms appear. Should it be necessa~ to
reinstitute treatment, or increase tie dosage of the agent, or
swrfch to a different arrfipsychofic agent, the syndrome may
be masked. The physician may be able to reduce the risk of
this syndrome by mm[mizrng the unnecessary use of neurolep-
hcs and reducing the dose or discontinuing the drug, if pos-
sible, when manifestations of this syndrome are recogmzed,
parlcularly in patients over the age of 50, Fine vermlcular
movements of the tongue may be an earfy sign of the syn-
drome. If the medication is stopped a! that time, the syndrome
may not develop.
Autonomic nervous system dry mouth, fainting, stuffy nose,
photophobia, blurred vision, mlosis.
Gastrointestinal. anorexia, increased appetffe, gastric mrta-
tlon, nausea, vomiting, constipation, paralytic ileus,
Endocnne system: affered Iibldo, menstrual irregularities, lac-
tation, false poslfive pregnancy tests, mhibhion of ejaculation.
gynecomastla, weight gam
Skin: itching, rash, hypertroph]c papillae of the tongue, anglo-
neurofic edema, erythema, exfohative dermatitm, contact der-
matitis.
Cardiovascular effects: hyDotension, tachycardfa, ECG
changes (see PrecautlonsJ
Blood dyscrasias: agranulocytosls, Ieukopenia, granulocyto-
pema, eosmophifia, throm~ocylopema, anemia, aplasfrc
anemia, pancytopema.
Allerglc reactions: fever, laryngeal edema, angioneurotlc
edema, asthma.
Hepatotoxlcify jaundice, bihary stasis,
Urinary disturbances: retention incontinence
Abnormal pigmentation. more recently, a peculiar skin-eye
syndrome hasbeen recogmzed as an adverse effect followrn9
long-term treatment with phenothiazines Thts reaction iS
marked by progressive pigmentation of areas of skin or con-
Iunctiva and/or discolorafron of the exposed sclera and cornea.
r)pacifles of the anterior tens and cornea described as irregular
or Stellate m shape have also been reported, Although retinal
pigmentation has not been observed with mesoridazine.
patients recewmg higher doses of mesondazine tor prolonged
periods should have penodlc complete eye examinations
Miscellaneous: Unexpected and sudden deaths have been
reported m hosprfaliied psychofic patients receiwng phenothi.
SZrneS In some unexpected deaths, m yocardial Iewons have
been observed Previous brain damage or setzures may also
be predisposing factors: high doses should be avoided in
known semure patients Several patients have shown sudden
exacerbations of psychot!c behawor patterns shortly befOre
death. Autopsy findings have also revealed acute fulmmafin9
Pneumonia or Pneumonitls and aspwabon ot gastric contents.
The phystclan should therefore be alerted to the possible
developmem of “silent pneumomas”.

I Copyright (C .598 Canad(an Pharmacws AssccIafIon All rtghls resemeo
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Title
Betahistine dihydrochloride treatment facilitates
vestibular compensation in the cat.

Source
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 activity on
both sides) .
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Betahistine dihydrochloride in the treatment of vertigo of
peripheral vestibular origin. A double-blind
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 (12 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 betahistine 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]
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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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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
pains only with betahistine,
depression with flunarizine.
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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.o.5). A significant difference (P less than
O.O5) 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

:6

~he 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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Effect of betahistine dihydrochloride on induced vestibular
nystagmus: a double blind study.

Source

1 Clinical Otolaryngology. 12(2):131-5{ 1987 Apr.

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 IS 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. 00 STERVELD (Amsterdw The Netherlands)

Introduction

Betahistine dihydrochloride ( SercR)* is an histamine analogue which has been
show in several placebcontrolled doutkblind studieq to be safe and effective
in relieving the symptoms of patients suffering from Meniere’s disease (Hicks

_~qL, 1967; Wolfson er aL, 1967; Frew and Menoq 1976; Wiirnot and MenoL
‘6). The efiicacy of betahistine in this condition is believed to be due to its

S..oven ability to improve the microcirculation of the inner ear (Kubicek and
Anderso~ 1967; Martine& 1972).

The present study was designed to examine the eflicacy of betahistine in
patients with different types of peripheral vestibular vertigo, A recentlyreported,
placebocontrolled study of betahistine in patients with vertigo of peripheral
origin without established cause, provides preliminary evidence of the efllcacy of
betahistine in tiese patients (Canty et ai, 1981).

The study was earned out between March 1978 and May 1981 in the Ear,
Nose and T~oat Department of the Wilhelmina Gasthuis, Amsterdw The
Netherlands. -

Materials and Methods

patient population
Male or female patients under 70 years of
age, who had been suffering from peripheral
vertigo( according to the criteria of Kane and
Strong 195 7) for at least two months were
eligible for the study. Patients were excluded
from the study ift.heir vertigo was considered
to be due to infections of the middle-ear or
sinuses, to be of ocular, central or psychic
Origi~ or to be caused by cemical
spondylosis or internal disorders. Also
excluded were patients suffering from
bronchial asthma or peptic ulcer, because of

* histaminergic properties of betahistine..W
‘armed consent was received from all

r Aients prior to entry into the study.

Srudj’ design
The study was carried out according to a

double-blind 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 examination
including disease history and laboratory
tests, and underwent a battery of vestibul~

Repfinted with permission
through the copy@ht

(leafaOM @n*

● %@ is i registered trademark of Duphar B.V., Amste.rd~ The Netherlands.
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metric tests (using electronystagmography)
and audiometry. Patients were then allocated
to one of three diagnostic categories
Meniere’s disease, otherspecifiedtypesof
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 loss, with 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
severity 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 daily activities

2. Severity of deafness
3. Severity of tinnitus I
4. Character of deafness
5. Character of tinnitus }

Vestibulometry and audiomeuy were also
repeated at the end of each treatment perid
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 pericds.
—last period slightly better.
—last period much better.
—first period slightly better.
—first period much better.

W. J. 00 STERVELD

Results

Twenty-seven patients entered the study,
Ihree 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 efficacy. Of the
remaining 24 patients, 11 received placebo
treatment first and 13 received betahistine
first The pre-treatment comparability of
the two groups was go@ both with respect
to demographic data and the results of
tie various pre-treatment assessments
Table II).

Data on the eflicacy ofthetwotreatments
were derived from two sources the patient
diary cards 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 T’he
data on these cards (Table III) reveal that
statistically, both the incidence and severity

Rating

Minimally or incidentally hampered/at
times unable to work or carry out more
diflicult activities/seriously limited in
work or activities.

Mild/moderate/severe.

Continuous constantiintermittenti
continuous fluctuating

of dizziness 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 investigators assessment of the
patients’ status at the end of the two study
periods. The investigator judged that vertigo
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 severity of tinnitus decreased in three
patients during the betahistine treatment
period and in one patient during the placebo
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TABLE 1

PATIENTS FAILSNG TO COMPIXTE TSSE STUDY

Patient no. Time of leaving study Treatment Reason

2751 ARer week six Placebo unknown
2752 Week one Placebo Refused ccqxration

2753 Week one Betahistine Took other antivetiginous medication

period.The severityofdeafness 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 patientsvertigoduringthetwotreat-
mentsmade by both the patients and the
~we~~tor (Table ~ were si@lcantly in
.-.Iw of betahistine (p = 0.001). while ~

,x of patients responded favorably
to Wahistine treatment the response of
the non-Meniere patients wa~ in the
investigators opiniom more impressive than
that of the patients with a diagnosis of
Meniere’s disease (p = 0.06).

No unwanted signs or symptoms were

TABLE II

PRE-TREATMENTCOMPARABILITY OF TREATMENT

GROUPS

Placeb Betahistine-
Vatiable Betahistine Placebo

group grcup

Number (exchuiing dropouts)
Sex Male

Female
Diagnosix Meniere’s disease
Other

Menkre’s syndrome*
Paroxysmal vertigo
Dead labyrinth (r)
Chronic dizziness

unknown
Ekctrcmystagrxgraphy

Spontaneous nystagmus
Positiothinduced

A~ .

.-. -brie abnormal
-k witi recruitment

12(11)
7
5
6

2
1

—

<

7
7

10
6

15(13)
7
8

12

—
—

1
I
1

12
11

14
12

● Not RWlingd criteriafor Meniere’s disease see

~b~ ad Methods.

reported by the patients or observed by the
investigator.

Discussion

The results of the present study confirm
the finding of Canty et a~ (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 vestibulometic measure+
ments were made, principally to confirm
diagnosis, and no significant improvements
@or &tTerences between treatment
periods were expected or observed.

The main presenting symptom for all
patients in the study was dizziness. There
was statistically a highly significant
reduction in both the incidence and seventy
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 confkms the efficacy 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 doubl~blin~ cross-over, placeb
controlled study of betahistine dihydro



TABLE IV

iNTERFERENCE OF VERTIGO WITH ACTSWTSES OF DAILY LIFE (RATED BY THE SNVESTSGATOR AT THE END OF EACH

TREATMENT PERSOD AND COMPARED RETROSPECTIVELY)

Diagnosis Meniere’s disease Otirer/unkrsown Total

hss on betahistine treatment 7 5 12
Lesson placeb treatment 2 3
No difference 6 ! 9
pvalue 0.18 0.22 0.035

TABLE V

OVEFLALL COMPARISON OF TREAIXENT PERIODS

Investigators opinion Patient’s opinion

Judgement Meniere’s Other/ Meniere’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 — 1 — I
Placebo slightly better 4 — 4 ; — 3
Placebo much better

;s348 &106
1

pvalue &Ol :.059 &06 0.001

pvalue Meniere’s disease m other/urtknowri (Investigator’s opinion): 0.06
pvalsse Meniere’s disease VL othdunkoown (Patient’s opinioss): 0.10.
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chloride (12 mg, Lid,) was carried out in
patients with vertigo of peripheral vestibular
origin. Twenty-four patients completed the
study, which consisted ofhvo 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 reassessed 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
respectively). There were no statistically
significant dfierences in the results of
audiometric orvestibulometric tests, or in
the severity of timitus 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 (~0.001 ).
All diagnostic groups responded favorably
to betahistine, confkrning the eficacy of
betahistine in the symptomatic treatment of
peripheral vestibular vertigo. No unwapted
signs or symptoms were reported
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Effect of hetahistirte dihydrochlonde on induced vestibular nystagrmsx a double blind
stud y

The eflect of betahistine on vestibular nystagrnus induced by means of a torsion
swing was tested in 10 subjects. Each individual rezeived, in a randomized double-
biind study, 3 different single oral dosages of betahistine (8, i 6 and 32 mg) on 3
different occasions. Electronystagsrtographic tracings were taken at different time-
intervais after drug intake. At 3-4 hours after a dose of 8 mg Mahistine the
nystagrnus duration was reduced by 35°/0, after i6 mg hetahistine by 480/0 and after
32 mg betahistine by 59% (mean values). All these differences in dose-response are
highly significant (P< 0.0005). It ean he concluded from these results, (hat a dose of
3 x 8 mg or 3 x i6 mg betahistine daily wiil be efficacious in maintenance treatmenl of
vertigo. and a dose of 3 x 24 mg bctahistine daily will have even more eflect.

Keywords betahistine vertigo treafmenl vesribular jiuncrion

In several double biind placebo controlled
ciinical studies’ -s be[ahistine has been
proved to be effective in (he 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 (o 48 mg

betahistine daily. Clinicai observations
suggested that a dose of 72 mg (3 x 24 mg)
betahistine daiiy might be even more
effective in the treatment of these patients.
The aim of the present study was to find
objective support for this impression.

Methods
___

“)LIJNTEERS

Ten normal subjects, 6 males and 4 females
between 23 and 30 years of age,

● Trade marks: SCrC@,WtMre@, Vasomotale.

volunteered to participate in the study.
They all had a his[ory free from neuro-
logical and cochieovestibuiar pathoiogy.
All of them received 3 different single oral
doses of betahistine on 3 ditlerent
occasions with an inter-test intervai of 1
week. The sequence of the dose strength
was randomized. Betahistine (8, 16 and
32 mg) was suppiied in individually coded
opaque capsules of identical appearance.

VEST IBLLAR NY ST AGMUS

Vestibuiar 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
vestibuiar organ, resulting in nystagmus in
the horizontal plane. This nyst~gmus can

!21
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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 most relevant ENG para-
meters are the duration of nystagmus, the
speed of the slow component and the
frequency. The duration of the slow
nystagmus phase was used in the present
study.

During (he 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 100°/0 in each individual subject.

The duration of nystagrnus, following
drug administration. was calculated as a
percentage of the pre-meatmen( duration.
The duration of n!s[agmus was measured
before administration of [he drug and at ],
1. 2.3.4.6 and &h after. This method has
also been used in previous experiments

with other drugs,6 - B

STATISTICS

The following statistical tests were used:
Wilcoxon matched-pair signed-rank test.
and Pearson’s correlation coefficient. A
two-tailed P-value of less than 0.05 was
regarded as being statistically significant.

Results

Ten volunteers recei~ed a single oral dose
of betahistine (8, 16 or 32 mg) in a
randomized and double-blind fashion, on 3
different occas}ons with an inter-test inter-
val of I week. The absolu(e values of the
dura(ion of nys[agmus a[ the onset of each
investigation are listed in Table 1.

It is clear that the 3 values Eufore

administration of the drug for each subject
are very similar. the standard error of the
mean (SEM) is less than 0.7°A for all
subjects. Table 1 revealed no significant
differences in [he 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 different 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 nystagrnus at the 3 different
doses were listed and also the time (t~a,)
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 IO subjects. could be
determined (see Table 2).

The results showed that 16mg
betahistine was more effective (P< 0.0005)
in reducing the nystagmus duration (mean
reduction 48?Io) than 8 mg betahistine
(mean reduction 3570). Further, 32 mg
betahistine was more effective (P< 0.0005)
(mean reducLion 59°/0) than 16mg
betahistine,

The time-in[erval between drug intake
and the maximal effect (l~.=) was
significantly shorter (P < 0.005) after a
dosage of 8 mg betahistine than after 16 or
32 mg betahistine. The tm, between the
dosage of 16 and 32 mg betahistine
(Table 2) was not significantly diflerent.

The reduction of the duration of
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Table 1. Nystagrnus dura[ion on iorston swing test before betahistine (blank values)

Durorionoj njwagmus(s )

Mean
S d.
SEM

8 mg 16 mg
9.51 9.59
9.45 9.47

10.11 9.98
9.63 9.61
9.67 9.62
9.58 9.63

10.05 9.95
9.38 9.43
9.84 9.81

10.39 10.37

9.76 9.75
O..M 0.29
0.11 0.09

32 mg
9.61
9.43

10.?1
9,57
9.63
9,56

10.03
9,39
9.78

10.41

9.76
0.33
0.10

Mean SEM
9.57 0.03
9.4s 0.01

10.10 0.07
9.60 0.02
9.64 0.02
9.59 0.02

10.0[ 0.03
940 002
9.81 0.02

10.39 0.01
—

— —
— .

I I —.l.~
;3:I 8

Hours after drug miake

Figure 1. Reduction of nysiagmus duration caused by ? difleren! single oral dosages of betahistine with respect to
time m 10 volunteers (mean values t s.d. ) n = 10. “ = P< O.05: “* = p< 0.~5. ● —. = 8 mg. O----C =
16mg. A-—A = ~?mg

Table 2. The maximal reduction of the duration of nystagmus and (he mne thts maximal et%ct
occurred after drug inlake

*
8 mg hefahtsrure 16 mg Iwfuhisrinc 32 mg hcrahistme

[ 1rcducrum ~z redur!mn -,
Sutyecr

/ rcducrion

‘7: ( ?0 , (h, (?O , {h, i %0/

[ 3 38 4 47 4 55
> 4 41 4 s~ 4 57
i 3 41 3.4 46 4 6[
4 3 31 4 44 4 63
~ 1 ~~ 4 50 3 6?

6 ~ 34 4 45 4 59
1 1 ~~ 4 50 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? 35* 4 .0+ 48 3 s+ 59“
s.d 03 3.x o~ 29 04 2.8
SEM 01 1.2 0.05 0.9 0.1 0.9

● W’ilcoxon P <0 CX305.compared w-f h reducing properties Of 16 mg be[ahlstine.
t Wikoxon p <0,00$. compared w][h L~, after 8 mg betahlst)ne

I
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100vao
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i
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$ 40
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20

L/ I I 1
0.2 1.0 5 25 125
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Figure2. A log dose-response (LDR) curve. The
horizontal axis shows the dose on a logarithmic
scale. The curve shows the relationship between the
dose and the percentage of the maximal response
induced by this dose.

nystagrnus 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 etTect.

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 effect on reduction of
nystagmus duration induced by a single
dose of betahistine must be reached at a

$ L,; ; I 1 I I
16 32 64 128

Oese (mg)

Figure 3. The max]mal effml O( 3 ditTerent single oral
doses of betahistine on nystagmus duration in 10
volunteers a pari of the log dose-response curve.
n= [0: y=a+b In x: (a=- O.37, b= 17.2);
r = 0.9S; P <0.005.

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 excellent
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 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 eflective than 16 mg
betahistine, the latter dose being in turn
more effective than 8 mg betahistine. The
nystagrnus 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 e!Tect 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 daily will
have even more effect. It is unlikely thal
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-s indicates that the
effect 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 effects of 16
and 32 mg betahistine are more
pronounced than those of the anti-
histamines.
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5 Ftscwm A.J.E.M. & Ewmm L,W.M. VAN (198S) 8
Betahistine bij de behandeling van aarrvalsgewijs
optredende duizeligheid--een dub~lblind

135

onderzoek. (Bctahistine in the treatment of
paroxysmal attacks of vertigo-a double blind
investigation). ~. Drug Therapy Res. 10, 933-937
00STERVELD W.J. & ZELIG S. (1%5) Effects of a
combination of Chlorcyclizine hydrochloride and
Cinnarizine on the Linear Acceleration Test. Acia
Physiol. PharnracoL Neerl. 13, 348-354
ODSTERVELD W.J. (1967) The effect ofUCB 1402 on
vestibular nystagmus. Pratt. 010- Rhino-
L4qngologica 29, 57-63
00STEWSLD W.J. (1974) Vestibular pharmacology
of flunarizinecompared to that of cinnarizine.O[o-
Rhirm-Luryngo[ogica & 157- I64
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B. Chemical Name:

~ISMUTH C TRATEI

C. Common Name:

Bismuthi et Ammonii Citras

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

(Results) (S’cifmationsj
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.,andGabard,B. Helicobacterpylorieradicationtherapywith
bismuthcitratekunoxycillincombinationtherapy.Leber, A4agen, Darm, 1996; 26(l): 32-
36.

__

Tillmaq L. A., Drake, F.M., and Dixoq J. S. Review article: safety of bismuth in the
treatment of gastrointestinal diseases. Alimentary Pharmacology & Therapeutics, 1996;
10(4): 459-467.



—_
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:

n
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Set Search Results
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0
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<1>
~—-

Unique Identifier
96228244

Authors
Hunt RH.

Title
Eradication of Helicobacter pylori infection. [Review] [72
refs ]

Source
American Journal of Medicine. 1OO(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 in the 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. pylori. The
risk of recurrent ulcer complications with bleeding is
virtually abolished following successful eradication of H.
pylori; in contrast, the risk of rebleeding is about 33% in
patients still harboring the organism. The treatment of H.
pylori infection in patients with confirmed peptic ulcer on



Page Number : 2

first presentation or recurrence has been advocated by a
Consensus 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 clarithromycin 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 ranitidine 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]

<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. T~ ed in
clinical trials with colloidal bismuth citrat~,
antimicrobial agents (furazolidone), and combinations of
anti-ulcer and antimicrobial agents
(H2-antagonist+cefixime, H2-antagonist+metronidazole) are
reviewed. Also analyzed is 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 is 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]



OUALI TY CONTROL REPORT
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CHEMICALNAME.: BISMUTH CITRATE

MANUFACTURE LOT NO. :97235018

PHYSICAL TEST

SPECIFICATION TEST STANDARE .:usP_/BP_/MERCK_/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 MINEFAL ACIDS.
___

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR BISMUTH AND CITRATE.

PASSES .:

cohQ4ENTs. :

FAILS .:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST. : DATE .: INITIAL. :



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA

y-‘--i d 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

HoStructure

------ ------ ------ 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

_-a

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. BISMUTH
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.

a

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 .

K._

CONDITIONS TO AVOID
MAY DISCOLOR ON EXPOSURE TO LIGHT.

HAZARDOUS POLYMERIZATION
WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES ------ ------ --

w

S 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 INCIN3$RATOR 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

wS AND CONDITIONS OF SALE
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BENZINUM.
:.~,. BENZIN.
~ @?ETROLEUM BENzrN. PETROLEUMETHER] :,(J.
;..!:. 1A purilled distillate from American petroleum, consisting of’

oa&ons, chiefly of the marsh-gas series [C5H1a, C.@la and hom(
(;,: ‘ compounds]. i,.,.+

Benzin should be earefidly kept in well-stoppered bottles or ti,,’.}C:; ”’
in a cool pbce, remote ~om ~gh~ or fie. $... . .,.

.?’.;.,, A transparent, colorless, diflksive liquid, of a strong, characted
ghtly reaembhue that of @roleum, but much lees disagreeable, and

) w u. \LAA w a= ~.1.
soluble m about 6 parts of alcohol, and readil

aenzol, and tied and volatile oils. .!
“~~fi~inflammable, and its vapor, when mixed wi~
Mes tioler$ly. j

_.sting Benzm from the hand it should leave no odor, and
orating ii from a warmed dish, it sho~d leave no residue (absence
hydmcurbona). - 4

TWMMIit :- ~--:l~ % a few minutes with one-fourth ita volume of
row of silver nitrate T.S., the ammoniacal liqui

,.. . ..e%to.s mixture of Odrops of sulphti
m nf mri. moua pmduda and sulphur compound

I a tes-&tube,the liquid warmed fir about ten’
. =.~. ..r half an hour, on diluting it, in a ehallow .d

.-~uld not evolve the bitter-almond-like odor of nit.m-berM
ence from, and absence of, bcnwl).

“1.,

BEN201NUM.
“.,~ ,

I*:. - BENZOIN.
1
.,,

6,$:.; ‘~ btic I.p@I Obtied &m StymxBenmin Dryander ~m
~p,z.:,:
,,GJ+.~,,.,Styraeem).
,,+, 4: I

:
“&@jJ$,:: ,’ In lump Mn~*mv of qlutinated, yellowish-brown tears, which 1

, .. . .Jrm of a reddish-brown mass, more or M
tided in it It is almost wholly soluble in ~

-7 ..-..1 “..4 . ...hol. and in solutions of the tied alkalies. V. .-.
gwes o~ fumes of benzoic acid. It has an _ble, balssmic od

;:;:;, !:: ~.,,,. slight aromatic taste. kill

:id, aeveniygrakm-a ‘. . . . . . . . ... . . . . . . . . . . . . . . . . . M~,., ,.

I ‘----- !~”, ; Distilled Water, a wfleient quantity. ‘ - -,!,



A w “te axno hous or micro-crystalline waler odorl~~ 1and tasteless, and z
permanent m the am.
~roralcohol, bntgolubleti ammonia water, and involutions

of the citrates of the alkaliee.
When strongly heated, the salt chins, and, on ignition, leaves a more or lees

blackened mldue having a yellow surface, and soluble in wmm nitric acid.
This solut~on,when drop~d mto wa~r, occasions a white turbidity.

A solut]on of the salt m ammonl~ -water,when treated with hydro~n std.
phide in escees,

If the filtmte ~~%~~~~%j%:d by heat of thee.cessof hydrogen
sulphide and coded, 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 or brownish-black
color should ap ar around a crystal of ferrous sulphate dropped into the Iiquid

Y@nit of nilrale .
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Uses and Administration continued

colon. A complex of bisacodyl with [mrnic acid
(bisacodyl tannex) is generally used in a dose eqrtiv-
alem to 1.5 to 3.0 mg of bisacodyl dissolved in 1 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
Names of prepamons are listed below: demds rue given in Pm 3.

Officiaf Preparations
BP 1993:Bisacodyl Suppositonex Bisaccdyl Tablets:
LVP 23.’ Bisacw-lyi Suppositories: Bimcodyi Tablets.

Pmpr-ietary Preparations
Aust.;Dulcolm: Lasbemx AustraL: Bisalax: DuroIw, Be++: Dtd-
colax; Rago-pil: Cwmd. Bisacolax t: Dulcofax: Fz: Contnl ax:
Duicolax: Ger: Agaroletten N: Bisco-Zitront: Dnx: Dulcolax:
Flmisan N; f..axamn N; Laxam-ratiopharmt; Laxbene: Laxbene
N, Lmoberal Bists:Logonred .Abftihr-Dritgees: Mandrolax Multi-
Iaxt; Nedalaxt; Pyrila.x; Stadalaxt: rempulm: Vitrco-AbftihWr-
Ien; lrai.: Alaxa: Dulcolax: Normalene: Nerh.: Dulcolax:
Nounlaxt; Toilaxf: Zwitaakti Now.: DUICOLW Toils.x: S.Afz:
CIpolax: Dulcolax; Megalax: Perilaxt; .SPain: Dulco Laxo:
Medesup: Swed.: DuIcolax; Toilax: Swim: Demola.xin: Dukolax:
Ercolax: Laxbenet: MUXOL Rumolax IX: Duke-Lax: USA: Bis-
cc-Lax; Duicagen: Dulcolax: Evac-Q-Kwik Suppository: Fteet
Bisacodyl; Fteet Laxarivc.

Multi-ingredient preparations. AMI.: Laxbaei Prepacoi:
Pargazen: Purigow AustrcI/.: Coloxyl; Damkx X-Pzck RaykIc
Be/f.: Prepacol; Softene: Card.: Dulccdost; Evac-Q-Kwik:
Royvac Kit; FE: NLo-Boldolaxin~ Pihde Dupuix Pr&pacol; Gee:
Bekunist: Daluwd Forte~; Dragecs Duesbergt; Mediolaa N;
Milkiuen Abfiibrdmgees; MMcitren S+; Pot.silo; Prepacol; Regu-
Iatt; Rheofindf: Tirgon?; Vhco V, I&al.: Flsiolu, Spain: Bekunis
Complex: Boldolaxm; Swirc: Alo~nopbem Bekunis; Orix; lirgoru
UK Nyla.w USA: Dtdcolax Bowel Prep Kit: Tridmte Bowel Evac-
uam Kic X-Prep Bowel Evacuaru Kil- I; X-Prep Bowel Evacuam
Kit-2.

Bismuth Compounds (17157-2)

Bismuth compounds have been used for their ant-
acid and astringent properties in a variety of gaa-
tro-intestinal disorders, and have been applied
topicadly in skin d~orders and anoreetaf disordgrs
sTschas haemorrksoMa. Uemain salts, notably tripo-
tassium dictratobbmuthate and to a lesser extent
bismuth salicylate, are used in the treatment of
peptic ulcer. Most of the bismutb compounds in
current use are fsoorlv soluble. which ~T
@city, but excessive or prolonged usemay le~d;
bismuth accumulation and toxicity, including re-
natffailure, liver damage, and encephalopathy.

Bismuth (5265-w)

Bi = 208.98037.

us — 7440-69-9.

A silvery-white crysmkline britde metat widt a pinkish tinge.

Bismuth Aluminate (5264-Y)

Bismuth Aiummate (USAN).
Aluminum Bismuth Oxide.
Bi2(A1104)1, IOHZO = 952.0.
CAS — 12284 -76-3 (tmhydrorrs bismuth alum fnare).
Phormacopoems In Fr.

Practically insoluble in water.

Bismuth Citrate (14763-Y)

CA5 — 813-93-4.

1( [

Practically insoluble in water and in alcohol; soluble in solu-
tions of alkali citrates.

Bismuth Oxide (s271-P)

Bismuth Tnoxlde.
BIZOI = 466.0.

CAS — 1304-76-3.

Practically insoluble in water.

Bismuth Phosphate ((8850-r)

BIPO, = 304.0.
CAS — /0049-0/-/.

Pharmacopoeias. In Fr.

Slightly soluble in water and in dilute acid& practicably insol-
uble in alcohol mrd in acetic acid, soluble in concentrated ni-
tric acid and in concentrated hydrochloric acid.

Bismuth Saiicylate (5275-I)

Basic Bismuti Wicylate Bismuth Oxysalicylate; Bismuth Sub-

saiicylate (USAN).

CA5 — 14882-18-9.

Phormocopoeus. In Fr.,Hung., It, and Nerh

A basic salt of viwying composition. correspading approxi-
mately to C6Hi(OH).C02(BiO) and cont~ining about 58% of
Bi.

Bismuth Subcarbonate (5279-.)

Eism.th Subcarbonate (USAN).

Basic Bismuth Carbonat~ Baslsches wismu~karbonac Bism.
Carb.: Bismuth Carbonara Bismuth O~arbcmace; Bismurhi
Subcarbonas Usmu@um Carbomcum Carbonato de Bismu-

nla.

C-AS — 5892 -10-4 (anhydrous bismuth subcarbonote);
5798-45-8 (bismuth subcorbonate hemlhydrate).
Pharmacopoeias In Ausr., Befg.,&.. Chin., Cz., Ew., Fr., *., k-.

Netb., and Port

The standards of?h, Eur. apply to those counmes that are par-

ues to the Convenuon on the Elaboration of a European i%ar-
macopoera, see pxii.

A white or almost white odourless powder.

Practicably insoluble in water, in ~icohol. and in ether dis-
solves in mmeral Acids with effervescence. Protect from
light.

Bismuth Subgallate (5213c-s)

Bismuth Subgailate (USAN).
Basic Bismwh Gallace; Baslsches Wkmutgallac Bism. Subgall.;
Bismuth Osygallate: Bismurhl Subgallas.
C, H5Bi06 = 394.1.
CA< — $’9.26 .3.

~h~rmoco~~os.-ln Fr.,Ger., Hung., Jpn, Nertr., and US.

USP specifies 52 to 57% of Bi@~ when dried u 105° fOr 3
hour?.. [t is an udourless mrorphoas bright yellow powder.
Practically insoluble in water, in icohol. in chlorofomn. in

ether, and in very dilute minetal acid$ dissolves readily wirb
decomposition in wamr, moderately dilute hydrochloric, ni-
mic. or stdphutic acids re~dily dksolves in solutions of akkali
hydroxides 10 form a clear yellow liquid which rapidly be-
comes deep red. Store in airtight containers. Protect from
light.

Bismuth Subnitrate (52EI-w)

Basic BismurA Ninate: Bansches Wismutmrm Bism. Submt.;

Bismuth Hydroxide Nloate Osld.% Bismuth Oxynitrat& Bis-

muth (Sous-Nitrate de) Lourd; Bismuti Submoas; BumurAyl

Nitrate Maglstefy of Bismuth; Nitrato de 8ismuolo; Subazora-

to de Bismuta White Bismuth.

BisO(OH)9(N03)4 = 1462.0.
CAS — 1304-85-4.

Pharmocop-oernsInAust, Cz., Fr., Ger., Hung., )pn, and US.
Fr. also includes Bismuth (Sous-Nioate de) L6ger (Bismutil

Submtras Levis) which is described as a varisble mixuare of bls-
muth hydroxide, carbonate, and submtmte.

USP specifies not less than 79% of BiZ03 calculated on the
dried basis. his a white slightly hygmscopic powder. Practi-
cally insoluble in water and in alcohol; redily dissolves in
nitric and hydrochloric acids.

Bismuth Tarrnate (I 1269.r)

Practically insoluble in water, in alcohol. and in ether.

Bismuth Tribrompttenate (5282-e)

Bismuth Tnbmmophenare Bismutum Tnbromophenyliium:

Bmmphenotw Bromphenol Bismuth: Xeroformium.

CAS — 5/ 75-83-7.

Slightly subable in water. in alcohol. in chlorofomr. and in
vegetable ods.

Tripotassium Dicitratobismuthate (mm)

Bismuth %bcnrate; Colloldal Bismuth Subcltmte.

CAS — 57644-54-9.

Adverse Effects, Treatmen~ and Precau-
tions
The bismuth compounds listed ~bove are insoluble
or very poorly soluble, and bismuth toxicity does
not currently appear to be common with them if they
are used os they are now for limited periods. How-

ever, excessive or prolonged dosage may produce
symptoms of bismuth poisoning, and for this reason
long-terns systemic therapy is not recommended.
Also it should not be forgotten that reversible en-
cephalopathy was once a problem in some countries,
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<1>
Unique Identifier
98060676

Authors
Laine L. Estrada R.

_——-_ Title

—
11

4
13

3-5,7-8,10 6
3-4 2
12-13 2

Trujillo M. Emami S.

Randomized comparison of ranitidine bismuth citrate-based
triple therapies for Helicobacter pylori.

Source
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 Helicobacter
pylori, we studied (1) addition of an inexpensive
antibiotic (amoxicillin) to twice-daily ranitidi.ne bismuth
citrate (RBC)-clarithromycin dual therapy, and (2)
suD~ 1 of RBC for bismuth subsalicylate + 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 mq b.i.d., amoxicillin 1 g
b.i.d., and clarithromycin 500 mg b.l~d. (RAC), 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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(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 amoxicillin produces
Helicobacter 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
subsalicylate 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 is accurate. 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 (0/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 clarithromycin-susceptible strains before
treatment and who had pretreatment and posttreatment
susceptibility tests performed developed clarithromycin
resistance after treatment. Regimen 2,
~anitidine-bismutkci.tratg + clarithromycin, was supported

&
by two multicenter, placebo-ccxxl?rolledstudies with a

-Eradication rates were 84% (n = 19; 95%
n = 22; 95% CI~_50-88). Insufficient-....—--—-.-...._._._—.

pretreatment and posttreatment suscep~iE1lity data were
collected to assess antimicrobial resistance. Regimen 3,
bismuth subsalicylate + metronidazole + tetracycline + an
H2-receptor antagonist, was supported by two pivotal
literature-based studies. Eradication rates in patients
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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:
ranitidine bismuth 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 pylori 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
this open 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 ranitidine 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 ranitidine bismuth

~t~ 400 ma b.d. @r 4 weeks plus clarithromycln
—..

5(JO mg “
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). Ranitidine bismuth citrate plus
clarithromycin provided significantly better ulcer symptom
relief compared with clarithromyci.n 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 ranitidine bismuth citrate alone
(o%; P < 0.001), clarithromycin alone (36%; P = 0.008) or
placebo (O%; P < 0.001). Ulcer recurrence rates 24 weeks
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_n-
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
eradication achieved 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 trea-~with~aitid~e bismuth
cit~ 800 mg .b,d. plu~either amoxycillin, m~t~~d~iole,
c~arithromyc in, cefuroxime axetil, tetracycline,
tetracycline plus metronidazole or clarithromycin 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 ranitidi.ne 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
Stanescu A. Mayer D. Gabard B. Jest G. Baczako K.
Dragici A. Malfertheiner P.

Title
[Helicobacter pylori eradication therapy with bismuth
citrate/amoxycillin combination therapy]. [German]

Source
Leber, Magen, Darm. 26(1):32-6, 1996 Jan.

Abstract
The efficacy of a new combination K)reparation containing
bisi e and amoxicillin .i.n_Qtiablet-w.as_ared
Wti r-ne efflcacy of bismuth citrate monothera~ in a “--

__—_
.—.—_,

ran aouMe .~g...kh:.~a~tl~=~tl~= of_—-...
Hellcobacter pylorl. 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

./

73~cm ggw::~~~~~~~~ ‘s=’<=’”).Total daily dose was therefore,.,

4

bismuth in gr~.~..lpatients
‘+T *3 resp. ~20 mg bismuth in group 2 patients. 4 weeks after

\

}0 - therapy%. pylori~l~~e—h~ologically detected in

/

@i 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 in group
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. ~m~um of scores decreased by 81% in group 1
(BIAM) and_7&% in g~ofi-p~-(B”~-~fter 6 weeks. ‘“–

_—

_..— ——_ -—_ .—..—



_—=

Page Number : 1

Database: Medline <1966 to present>

__—_-

4

Set Search Results
------------------------ -------------------------------------
1 exp bismuth/ 2126
2 bismuth citrate.tw. 53
3 efficacy.tw. 108250
4 safety.tw. 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>

Unique Identifier
97006457

Authors
Tillman LA. Drake FM. Dixon JS. Wood JR.

Title

+

Review article: safetv -of bismuth in the treatment of
gastrointestinal diseases [see comments]. [Review] [60
refs ]

Comments
Comment in: Aliment Pharmacol Ther 1996 Dec;10(6) :1035-6
Source
Alimentary Pharmacology & 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 curre~e d bismuth
.prepar~ ~ such as trlpotassium dicitrato bismuthate
(De-Nol), bismuth subsalicylate (Pepto-Bismol) and
ranitidine bismuth citrate (Pylorid, Tritec), is excellent.
Adverse reactions to these agegkS.._az.g_rnAl_dttran~t~
~i?Zij:-m-:~:”-”- d--.seriususadverse 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 or
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 5.1
micrograms/L (plasma) and 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 tripotassium 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 Hellcobacter pylorl infection. Existing
regimens are either simpler and relatively ineffective, or
too complicated for widespread application. Bearing i.n 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 ranltldlne bismuth citrate, an antlsecretory
anti-H. pylorl drug that will usually be used in
combination with an antibiotic. [References: 61]

_—_
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A. INGREDIENT NAME:

CAFFEINE CITRAT ED

Chemical Name:

Common Name:

Citrated Ctieine, Coffeinum Citricum

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

Assay (citric acid)

Information about

(S’peci@ations) (Resuhj .
48. O-52.OVO 50.5V0

how the ingredient is supplied:

White Crystalline Powder, Odorless Powder having a slightly bitter, acrid taste

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

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

Aldridge, A. CrdTeinemetabolism in the newborn. Clin. Pharmacol. I%er., 1979;25:447.

LeGuennec, J. C. Maturational changes of ctieine concentration and disposition in
infancy during maintenance therapy for apnea of prematurity: influence of gestional age,
hepatic disease, and breast-feeding. Pediatrics, 1985; 76: 834.

Arand~ J. V. Maturation of catTeineelimination in infancy. Arch Dis Child 1979; 54:
946.



Brouard, C. Comparative efficacy of theophylline and tieine in the treatment of
idiopathic apnea in premature infants. An. J Dis. ChiU 1985;139:698.

Ekenber~ M. G. and Kang, N. StabMy of titrated caiTeinesolutions for injectable and
enternal use. Am. J hosp. l%arm., 1984;41(1 1):2405-2406.

Brouard, C,, Moriette, G., and Murat,I. Comparative efficacy of theophylline and cdeine
in the treatment of idiopathic apnea in premature infiits. Am. J. Dis. ChiZd, 1985;
139(7): 698-700.

H. Information about dosage forms used:

Solution

I. Information about strength:

20mg

J. Information about route of administration:

~x.=
Oral or Intravenous

K Stability data:

L. Formulations:

M. Miscellaneous Information:

.n
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.I’WHITE POWDER ; CONFORMS
~“

Identifica~ion To pass teSt passes test

Loss on drying 5.0% max. 0.1%

Residue on ignition 0.1% max. 0.025%

Heavy metals 15 ppm max. c1O ppm

Readily carbonizable To pass tk5t CONFORMS

substances

Assay ( caffeine ) 48.0 - 52.0% 49.5%

Assay ( citric acid ) 48.0 - 52.0% 50.5% P
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PHYSICAL TEST

/NF /hiART.
sPECIFICATION TEST ST~~. :USP_/BP_/=CK_ _

_/co.sPEcs._.

I)DESCRIPTION. :
W~ITE CRYSTALLINE, xODORLESS POWDER HAVING A SLIGHTLY BITTER, ACRID -

T-.

2)SOLUBILITY. :
SOLUBLE IN ABOUT 4 PARTS WARM WATER.

3)MELTING POINT.:

4)SPECIFIC GRA~~.:
.-.

5)IDENTIFIcATIm .:
A)COMPLIES (B) AS PER NF 10th 1955.
B)COMPLIES (C) AS PER NF 10th 1955.

PASSES. :

COMMENTS.:

ANALYST SIGNA-.

PREPACK TEST.: DATE. :

RETEST. : DATE. :

E’AIIS .:

DATE. :
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CITY CHEMICAL -- CAFFEINE CITRATED
MATERIAL SAFETY DATA SHEET
NSN: 6135000F047602
Manufacturer’s CAGE: 8G949
Part No. Indicator: A
Part Number/Trade Name: CAFFEINE CITRATED
.=..=..=..=....==. =.= ===. .=...==.=.....=.= ..== .......== .======== .=.== ..=..=

General Information
.=..=.....===. ==.= =.== .== .== ==.==.===== ..........=..=....=......=..=.==== .=

Company’s Name: CITY CHEMICAL CO
Company’s Street: 100 HOBOKEN AVE
Company’s 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-?
.=== =.== .==. ==.. ==.= =..= .==. ==.= =.=. .==. ==.= ==== .==. ===. ==== ==== .=== ==== .==

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 DEMA14D/OTHER POSITIVE
PRESSURE MODE.
Unusual Fire And Expl Hazrds: FIRE IS POSSIBLE AT ELEVATED TEMPS/BY
CONTACT W/AN IGNITION SOURCE, FINE DUST DISPERSED IN AIR IN SUFFICIENT
CONCENTRATIONS IS A POTENTIAL DUST EXPLOSION.
.....===.= =.=.= ==.== .==.= =..== ==.=. ..=.= =.==. ==.== .==== ==..= .==.= =.=.= .===.

Reactivity Data
.=...===.=.=====.==.==.=..___---=..=..====.===z===.==..=.=..==..=.==.==.=.=---—--

Stability: YES
Cond To Avoid (Stability) : HEAT, IGNITION SOURCE
Hazardous Decomp Products: WHEN HEATED: EMITS TOXIC OXIDES OF NITROGEN &
CARBON .
Hazardous Poly Occur: NO
------—----—--- ===== s==== .==.= =.==. .=.== .==.. =.=== ===.= =.=== ===== .=.== .====

Health Hazard Data
.....=.==. ==.== .==.= ====. ===== ===.= ==.=. ==.== ===== ===== .==.= ====. ==.== .====

LD50-Lc50 Mixture: ORAL LD50(FGIT): 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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Carcinogenicity - NTP: NO
Carcinogenicity - IARC: NO

.–~=
Carcinogenicity - OSHA: NO
Explanation Carcinogenicity: NONE
Signs/Symptoms Of Overexp: IRRITATION, WAKEFULNESS, NAUSEA, RINGING IN
EARS, MILD EXCITEMENT, PALPITATIONS, CONVULSIONS.
INDUCE VOMITING IMMEDIATELY BY GIVING 2 GLASSES OF WATER & STICKING FINGER
WASH AREA W/SOAP & WATER. EYES: WASH W/PLENTY OF WATER FOR 15 MINS. OBTAIN
MEDICAL ATTENTION IN ALL CASES.
______________________________________________________________________________________________________________________________________________________

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/FEDERAL, 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 .&MAY BE A ROUTE OF ABSORPTION BY THE BODY. INGESTION: HARMFUL, MAY
CAUSE CNS STIMULATION & GASTRIC IRRITATION. EYES: MAY CAUSE MECHANICAL
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

..=-=.
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packaging and storage—Preserve ButyI Ami-
~obenzoate In well-closed containers.

CATEGORY-IJJCalanesthetic.

BUTIL CHLORIDE
rt-Butyl Chloride

CH,(CHZ),CH,C1
c,H,C1 ~~0[. wt. 92.57

13utyl Chloride cont~ins not less than 99
per Wnt (Jf ~7&9~L

(!a[ltion: ~ulyl C}tloride is very j4ammoble.
DO not use where it mrrg be ignited.

Description—Butyl chloride ocrurs M a
c]em, colorless, ,volatile hquid,. hoving a char-
~teristi~ .nonremduid odor. It M flammable.

Solubd]tY-13utyl Chloride is insoluble in
wster, but ISmmble with dehydrated alcohol and
n-ith ether.

identification-To 20 ml. of Butyl Chloride
~d 5 ml. of sochm hydroxide soiution (1 in 20),
mix well, and boil under ~ reflux condenser for 1
iour: the residue responds to the tests for
Chfmide, page 433.

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 between 77° and 79°.
, Acidity—Transfer 35 ml. of Butyl Chloride to
s separator, add 35 ml. of freshly boiled and
woled water, shake for 3 minutes, allow the
mixture to separate, and collect the water layer
in a suitable container. To 25 ml. of this layer
sdd a few drops of phenolphthalein T.S. and
titrate with 0.02 N sodium hydroxide to a pink
color that persists for 30 seconds: not more than

.,0.1 ml. of O.O2 N sodium hydroxide is required
for neutralization. Save the remaining 10 ml.
d the water layer for use in the teat for Chloride.

Nonvolatile residue—Evaporate10 ml, of
ButylChloridein a tared orcelain dish on a
mm bath and dry at 10$ for 1 hour: the
weight of the residue does not exceed 1 mg.

Chloride, page 414—A lo-ml. portion of the
a~eous layer pre ared for the test for Aa”dit?/

rdorm no more ch oriole than corresponds to 0.1
~. of 0.02 N hydrochloric acid, (7 parts per
tillion).

Assay—PISce about 1.5 ml. of Tktyl Chloride

M a tared, g]aes,-stoppered flaelc, and weigh
mcurately. Add 50.0 ml. of 0.5 N alcoholic

Etior 3(3min~tes
ium hydroxide, and reflux on a steam

Cool, add a few drops of
henol hth~lein T.S. and titrate with 0.5 N

~ydroc~~onc acid. Perform a blanlc determinat-
ion with the ~me quantities of the same reagents
~d in the same manner (gee Reeidrud Titrations,
We 458). Esch ml.of0.5N alcoholicpotae-
ti hydroxideconsumed k equivalentto
‘.x mg.ofC,H,Cl.
packagingand storage—PreserveButYlChlo-

ridein well-closed, light-resistant containers,
~mote from fire.

CA’rm30RY-Anthelmintic (veterinary).
USUALDosE—(~ased on the weight of the

animal )—Horses, 15 to 90 ml. Dogs, I to Z4
ml.

CITRATEDCAFFEINE
Citrated Caffeine is a mixture of caffeine

and citric acicl containing, when dried at 800
for 4 hours, not less tlmn 4S per cent and not
more than 52 per cent of anhydrous caffeine
(C, H,&@, and not less than 48 per cent
and not more than 52 per cent of mhydrous
citric acid (CJ1807). The sum of the percent-
ages of anhydrous caffeine and anhydrous
citric acid is not less than 98.5 and not more
than 101.

Description—Citrated Caffeine occurs as a
white, odorless powder, having a slightly bitter,
acid taste. Its solutions are acid ti litmus.

Volubility--0ne Gm. of Citrated Caffeine die,-
solves in 4 ml. of warm water. On diluting the
solution with an equal volume of water, a por-
tion of the caffeine gradualfy separates, but redie-
eolves on the further addition of water.

Ident i5cation—
A: Dissolve about 20 mg, of Citrated

Caffeine in 1 ml. of hydrochloric acid in a por-
celain dish, add 100 mg. of potaasium chlorate,
and evaporate to dryness on a steam bath. In-
vert the dkh over a vessel containing a few drops
of ammonia T. S.: the residue acquires a pur [e

1’color, which disappears upon the addition o a
solution of a fixed alkali.

: Dissolve about lMI mg. of Citrated
Cdfe!ne in 10 ml. of water, and add 1 ml. of
calcium chloride TS. and 3 dro s of bromothy-

$’mol 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 soiution
gently for 3 minutes, agitating it gently during
the heating period: a white, crystalline precipi-
tate appears in the liquid.

C: Add 1 ml. of mercuric suffate T.S. to 5
ml. of a solution of Citmted Caffeine (1 in 100),
heat the mixture to boiling, and add 1 ml. of
potassium permanganate TS.: a white precipi-
tate tppear%

D: The residue obtained in the Assav jor
caflm”ne.when recrystallized from hot water and
d;ed at SOOfor 4 fiours, melts between 235° and
237.5°, page 438.

Loss on drying, page 437—Dry C1trated-Caf-
feine at 80° for 4 hours: it loses not more than 5
per cent of its weight.

Residue on ignition, page 448-C!itrated Csf-
feine yields not more than 0.1 percentofresidue
on ignition.

Heavy metak, page 430—Dissolve 1 Gm. of
Citrated Caffeine in 15 ml. of water, and cliluw
to 25 ml.: the heavy metals limit for Citrated
Caffeine is 15 parts per million.
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Readily carbonizable substances, page 447—
Heat a mixture of 25o m . of Citmted Caffeine

+and 5 ml. of sulfuric acid ,S. in a Dorcelain dish
on a steam bath for 15 minutes, ”m-otectine it
fromdust: thecolorisnot dsrker‘thantha~of
MatchingFluidK.
AssayforcatTeine-Accuratelyweighabout1

Gm. of CitratedCaffeine,previouslydriedat
80°for4 houra.and dissolveitin 10ml,ofhot
water. Add 8‘ mf. 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 combined chloroform sohl-
tions through a small filter, previously moistened
with chloroform, into a tared dish. Wash the
stem of the separator, the filter, and the funnel
with 10 ml. of hot chloroform, adding the wash-

‘&
to the dish, and evaporate the combined

c oroform solutlons on a steam bath, adding 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.gHloN,02,at 80° for 4 hours md weigh.

Assay for citric acid—Weigh accuratelyabout
400mg. ofCltratedCaffeine,previouslydriedat
80”for4 houm,anddissolveitin25ml.ofwater.
Add 3 dro sofphenolpbthaleinT.S.,and titrate

J-with0.1 sochum hydroxide to a faint pink color.
Each ml. of 0.1 N sodium hydroxide is equiva-
lent to 6.404 mg. of C,H801.

Packaging and storage—Preserve Citrated
Caffeine in tight containers.

C.4mmor4y--Central stimulant.
USUAL DOSE—300 mg.

CitratedCaffeineTablets

Citrated Caffeine Tablets yield an amount
of anhydrous caffeine (C.9HION1OJ not Iew
than 45 per cent and not more than 55 per
cent of the labeled amount of titrated ctieine.

Identification-(ltrated Caffeine Tableta re-

dffeirw, page 63.
s ond to the Io!a@utiorz tss$s under Citrated

Disintegration, page 455—The disintegration
time limit for Citrated Caffeine Tablets is 30
minutes.

Weight variation, page 468-Citrated Caffeine
Tabletsmeet the requirementsof tbe weight
variation test for table’ts.

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 dissolve it, as completely M
possible, in 10 ml. of water. Add 1 drop of
phenolphthnlein T. S.! and sodium hydroxide T.S.
until a permanent pmk color is produced. Ex-
tract the caffeine completely from tbe mixture
with successive Dortions of chloroform, uass each
portionthrough-afilterwhichhasbeen‘previously

INATIONAL FORMULARY ~~

4moistened with chloroform, md wash the stem ~
of the funnel and the filter with a few ml. of hoi:
chloroform. Evaporate the filtrate on a stear&
bath, adding 2 ml. of alcohol just before the’
chloroform is all evaporated, and dry the residue’,
at 80° for 4 hours. The wei ht of residue oh+.

6tained represents the yield of *H1oN,O:. g
Packaging and storage—Preserve Cltra~

Caffeine Tabletsintightcontainers. i%
Tabletsavailable---ch,rated Caffeine Table~

usually available contain the following amoun “
of titrated caffeine: 60 and 120 mg.

i

,,

CATEGORY and DosE--+ee Citrated caffeine

CALAMINEOINTMENT ‘ ‘~,

‘i

) ..
Turner’s Cerate <-

Calamine . . . . . . . . . . . . . . . . . . . . . . . . . 170 Gi#
Yellow Wax . . . . . . . . . . . . . . . . . . . . . . 40 GriC:
Wool Fat . . . . . . . . . . . . . . . . . . . . . . . .
Petrolatum . . . . . . . . . . . . . . . ...”..... 7% :33

To make . . . . . . . . . . . . . . . . . . . . . _

Melt the yellow wax with the wool fat
J?j$

petrolatum and mix the calamine thorough$

4

with the melted mixture to produce a smoo
homogeneous ointment.

f
1

Packaainic and storaze—Preserve Calamine
Oktmen% i=tight contai~ers and avoid prolonged:

8

exposure to temperatures above 30°. I (:

CAmmorm-Astringent protestant. ‘~ :
.,

CALCIUMAMINOSALICYLATE
Calcium Para-aminosalicylate

~?Nm~2 C.3.0
Cl,H],CaN,0~3H,0

Calcium Aminosalicylate co
than 98 per cent of Cl&fl,CahT@6, CalCU]tIt

on the anhydrous basis.
Caution: Prepare solutions of Calm”u

Aminosalicylate m“thin .24 hours of admini&
tion. Under no circumstances u-se a solutiq
its color is darker than that ofa
solution.

Description--calcium Aminosalicylate oc~~’
4as white to cream-colored cr.vstak or powd~

It is odorlees and has an alkaline, slightly bitter%
sweet taste. It is somewhat hygmscopic. ??’
solutions decompose slowly and darken in colo~~

$7
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. ., rt..C.HKJ7 = 386.3. /
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@ Monohydrace; CO ffe{num Monohydricum
.NA(),, H,O = 212.2.
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_WWaS. In Aust., ~lg.. Br., Chin., Eur. Fr., Ger., h., fL,

t wth,, bti, SW;SS,and LfS. $ome pharmacopoeias include
- ~ and caffeine hydmte under one monogmph,
~~ards Of Ph. Eur. appiy to [hose countnes that am par.
~ ~ ~ ConventIon on the Elaboraclon of a European ~ar.

-la. see p.xtii.

~ si~y white CWSItiS. usuaflY Man+ together. oc a
~ Cvs~lme ~wder. [t emOreSccS m alr ~d sublimes
my,

, ~rrbifitfea are: SPtingiy soluble in waten freely soluble
+fing water and m chl:rofom: shghtly soluble in afcohol
. ~ ether. It dissolves m concentmted solutions of ~ikali
~~es or salicykdes. USP soiubilities w soluble I in 50

, 1 in 6 of chloroform, and I in 600~,_ -r, I in 75 of aJcohOi

, ~~r. $ohmons in water ace neutsal to litmus. Store in air-
?,~ Containers.

‘ ~fity. References to the smhility of catTeine and cdfeine

*.
~$. fJ&mixrg MG, K’angN. Stab!lity ofcitrmed caffennesol.[mm
,, h mjec[able and en!eral use. Am J ffo$p Piwwm 1984: .(1:

n-6.
- ..im[a IMC, efal. Stability of caffeine injection m rntravencms

~ {t dntixlures and parcmcral nulrtt!on soluuons. D[CP An. Phar.
--rorher 1989; 23:466-7.

,mkinC. c: al. Stabili~y study of caffemc citrate. Br J Pkarm
199012:133.
lly RF, l_wona RG. Wrbilicy of cttrakd caffeine in]ecus-

‘“Us solutionm glassvials. Am JHOSP Phunn 1994,51:512-14.
~ f.

&verse Effects, Treatment, and Precau-

tions
@ for Theophylline, p. 1657.

@longed high in[akeofcaffeinemay leadto[oler-
. yscetosomeofthepharmacologicalactionsand

wicalsignsofwithdrawalhcltrdhgirritability,
~ dargy,andheadachemay occur if intake is dis-

,mntinued abruptly.

mat references,

.”!, wills S. Drugs and substance m!s.= caffeine. Pfiarm J 1994:

1

< 2S2: 822-I.

‘~ @leets on mental function. A repoft of 6 m.seaof exces-
~ $iye&yrime sleepiness asswiated with high caKeine inmke.1

!. SegestemQR,Pahologlc slcepmess induced by caffeine. .AmJ
!. Med 1989; 87:586-8.

&stro-cresophageaf refhrx disease. Tbeophylline detiv-
M& tend to relax he lower oesophageal sphincter and in-

- gaarric acid secretion. For a report nf increased gaatm-

~Pbaged ccffux in neonafes receiving caffeine, see Gaatrn-
-phageal Reflux Diseaae under Precmmona in lleophyl-

~ tine, p. t659.

i

‘,. ker’actfons. Caffeine is extensively metabolized primasdy
~ micmsomal e.zymes in the liver. CJeamnce is therefore
kbject to interactions, in a sitilas manner 10 theophylline

(- p.1659), Smoking, mrd drugs such m phenytoin which
!Isducehepatic ticroso~l metabolism result in an increase
U caffeine c]e~~ce. ~d dregs such s mat contraceptives

mdoce fhe rate of ~]ea~ce by inhibib”g ctieime memb~
6sm. For further disc”ssinn on individual drug imefactiofrs
* catTeine, see below.

4C0HOL In a ~mdy Of 8 he~rhy s“bjectz given aJcohol by
~th i“ a dO~e of 2,2 mL per kg b~dy.weight, caffeine

150 mg by mnu~ did “ot antagonise the centrai effectS Of d-

*1 and, insteti, I synergistic interaction occurred which
tier incre~sed reaction time. ‘T’be common pr~cti,. Of
~LSg coffee ~fter dri~”g afcohol in order to snbcr up is

W suPpm_tedby these results. 1
f. Obome D], Rogcr~ y, [nleracl!OnS of dcnhol and caffc!nc ‘n

humanreactm” t,me. Avta space Envzmn Med 1983; 54:528-
34.

$ ~lARRHYTHMICS I“ 7 healtiy subjects ond 5 pa(ientS with
~ac arrbythmia~, me.rile(ine in a single dnse Of ?00 mg
~ a dose of 6013mg daily respecnvely, reduced the efimma-

r“ -

-.,+
_ h of Caffe,ne by 313 to 50%. i Lignocamt-, flecainide, and
‘~almde had no effect on ctifeine elimicutinn in healthy SIIb-

FCLS.J

i

F 1. JW,tS R Rirh,er E Mex,Ie[,ne ~“d caffeine elifninaoon. Iv
““ ‘nK~&d 1987; 317:117.

. .

comitmstadministration of ciprofloxucin, 1‘3 enoxarin,2,3 and

pipencidic acid;23 /omeflo.cacin,4 norflo.racin, 21 and

rrjfoxacinz.’ had little or no effect on these parameters.
Etroxacin had fhe gremcst inhibitory effect on cdfeine clear-
*e,:.l

1. Hcd y DP. ccal, Imcraction Jx!wcen nrd clprofloxacln urd caf-
fe!ne m normal volunteers. .Anrtmicrob AWIIS Chcmorhtr
\ 989: 3Y 4748.

2. Harder S. et al. Ciprutfoxacin.d femc: a dmg interaction es-
mblished using m vwo and m vitrn invcmgatlons. Am J Mrd
1989; 87 ($Uppi SAY 89-91S.

3. Bamett G, et al. Pharmacokinc!ic detcmrimctiunof relative po-
tency of quinolom inhibition ofcatfeme dispnsmion. EurJ C/in
Pharnaco[ 199039:63-9.

4. Healy DP. et al. Lack of interaction bc[wemsIomefloxacin and
caffeine in normal vnlunteem Anrtmicmb Agems Chemolhw
1991; 35:W.

ANTIEPILEPTICS.The mean cleanrnce nf caffeine was increastd

and its half-life decreased in epileptic patients taking phenv-
min compared with healthy conuols, rcauiting in lower pkss-

ma-caffeine concentrations. Treatment with carbamo:cp;ne
or vai roic acidhad no effect on the phasmacokinetics of caf-
feine. ?

1. Wicchoitz H. et al. EtTccIs of nhcnvmin. carbcrmazcpmc.md
vdprmc acid on caffemc meta’hlts”m. Eur J Clin Phannacol
1989; 36:401-6

ANTIFUNGAL. br a single-doac study in healthy subjects, rer-

binaj’he 500 mg by mouth dccreaaed the cleansnce md in-
creaaed tbe eiimmstion half-life of caffeine 3 mg per kg bndy -
weight given intravenously. Kevocmmasle 400 mg by moudr

did not prolong the elimination of cfleine to a significant ex-
tent. [
1. Wahl12ndcr A, Paumgmner G. Effect of kcmmnazok md [cr-

binatine m [he phmnracokinencs of caffeine in healthy voiun-
reers. Eur J Clin Pha, mucol 1989:37:279-83.

ANTIGOUT AGENTS In a stady in 2 heakhy subjects, the plasma
half-life of caffeine was essentially unchanged by 7 days’
tscmment with a[lopurinol 300 mg or 6013mg daily by momh.
However, allopusinol caused a specific, dose-depmdent itrhi-
bition of the convection of I -methylxanthine to I-methyluric

acid. 1

1. Grant DM, et al. Effect of dlopurind on caffeine dispumion in
man. Br J C/in Pfwmacol 1986; 21: 4S4-8.

GASTROINTESTINAL AGENTS.Cimetidine I g daily by momh re-
duced the systemic clearance of ctieine and prnlonged its
elimination half-life in 5 healthy subjec~s. Although the
steady-state plasma-cfieine concenwmion would increase by

approximately 70%, it waa thought mrtikely tfsM this wOuld
produce advecae clinical effects.’

1. Brnughwm LJ, Rogcrr HJ. Dccrezwd systemtc clearance of
caffeine due to cmsctidine. BrJ Clin Phunnacol 1981, 12:155-
9.

IDROCILAMIOE. In 4 beatrhy subjects, idmcihucride inhibited h

biotransformation of caffeine and increased its half-life 9
times. Pactial or total avoidance of ctieine-corrtitdng pmd-
ucta waa recommended when idmcikmride was being taken.1

1. Brazier JL, ccal. Inhibition by idmcdamide of the dispowtion
of caffemc. Eur J C/in Phannacol (980, 17:37-43.

ofwL CONTRACEPTIVES.The clearance of Cdeine h~ ken rc-
porred to be reduced and its elimination half-life irrcccaaed in
women t*ing ofat contraceptivea. (J This interaction was

ffrougln to be due to impairment of hepatic metabolism of ctrf-

feine by sex hormones and could result in increased accumu-
lation nf caffeine.

1. P~twardhan RV. CI al. Impaired climmation of caffctne by oral
contraceptive stero!ds. J Lab C/in Mcd 1980, 95: @3–8.

2. Abcmethy DR. Tndd EL. lmpamnent of caffetnc clearance by
chrmuc usc of tow-dose oestrogen-conralning oral conwacep
tives. r% J C/in Pharmacol 1985:28:425-8.

SYMPATHOfWIETICS. Administsmion of caffeine 4fM mg with
phenylpmpanolamine 75 mg, both gwen orally aa comroOed-

release preparations. produced greater plasma-cfieine con-
centrations in fteaktry subjects than administration of ctieine
alone. Greater increazes in blncd pressure and mrrrc mporta of
physic at side-effects occurred after the combination than after
either drug alone, 1

1. Lake CR. ct al. Pbcnylpropanoiamme incrca.sesplasma caf-
feine levels. flirt Pharmacol ‘f’her 19XI 47:675-85.

THEOPHYLLINE. For tfre effect of cafTeine on the metabolism

md d imination of theophy iline, see under Interactions in

Theophylline. p.1661.

Overctosage. Repnms and reviews of caffeine toxicity.

1. Kulkami PB, Dorand RD. Caffeine toxictly m a neonate. Pedi.
amic~ L979: 64:254-5.

2. Banner W, Czajka PA. Acule caffeine overdose in the nennale.
Am J Dis Chifd 19WX 134:495-8.

3. Zimmerman PV. cl al. Caffeine mto.xicarton: a near fatality.
Ann Emerg Med 1985; 14 1221-9.

4. DalvI RR. Acwe and chronic toxic,ly of carfcine. a review WI
Hum J_oricoi1986. 2% 144-50.

Pregnancy and the neonate. In the USA, the Fond and
Dmg Administration haa advised pregnam women tn limit
their make of caffeine and ctdfeine-contaming bcvemges to a
minimum, but tiIS recommendation was based Izrgely on mr-
imaf smdies asrd the effect of caffeine on the human focms
atrd foetal loss during pregnancy is conwuvefaiaf.[ Although

Damllyml [e I Ipi uu IIUI ,Wg, S+,, ----- - -_ -

one recent study found no evidence that moderme caffeine use
(less than 300 mg daily) increased the risk of spontaneous

abortion,z another smdy haa fepcntcd conflicting .resuks~ lezd-
ing one cnmmemmor to conclude that dre safety of caffeine

consumption during pregnancy remains unresolved.!

1. Eskermm B. Caffeine during prcgnzncy: grounds for concern’
JAMA 1993; 270 2973A.

2. Mills JL, e{ al. Moderate caffeine use and the risk of spatane-
ous abortion and inlrwmcrine gruwth retardation. JAMA 1993.
26* 593-7.

3 Infmtc-RLvard C, CI al. Fetal lobs wmcialed with caffcinc In-
!ake before and during pregnancy. JAMA 1993; 27Q 2940-3.

For a comment on the inadvisability of using caffeine and so-
dium benzoate injection in neonates became of the risk of ti-
vecac effects associated with the benzome component. see

under Sodium Benzoate. p.1118.

LAcTATION For stodies examining the tmnsfer of catfeine into

brrxtst milk and its consequences, see p. 1653 under Phamsa-
cokinetics.

Sport The [ntemationalOlympicCommittee haa banned the
use of large amounts of caffeine by athletes but smaller

amounts, compatible with a moderate intake of coffee or soft
drinks, are pecmittcd. I However, because of the marked in(er-
inctividuai vasiacion in urine-ectTeine concentmtions, even is

medesr caffeine intake quivatent to 3 to 6 cups of cnffee dai-
ly, ma give a mine concentsmion in excess of the permissible
limit. ?

1, Anonymnm. Drugs in the Olymplcs. Med ku Druqx Ther
1904; 26 6S6.

?. BirkctI DJ, Miners 10 Caffeine renal cleartrncc and urine c>f-
feine concentrauons during steady state downg impllcauons
for mommrmg caffcme intake during sports events. Br J Clin
PharmOCOi 199I ; 31:405-8.

Withdrawal. Hexfache is I mcogriised symptom of calTeme

withdrawal and even subjec!s who dcink mcderare amoums of
coffee can develop headaches lasting I to 6 days when
switched to a decflffeinated brand. I [t has also been sugges[ed
that postoperative headache could be anributed to catfeine
withdrawal za faating patients ase required to abstatn from

drinking tea or coffee before surgicti prcxedures. Several
studies~d have found a positive aaseeiation between postop-
erative hemtache and daily caffeine consumption. zfthough
there have atso been negmive Jindlngs?

1. van Dusaeldnrp hf. K.stan MB. Headache caused by caffeine
w)!hdrtwal among muderalc co!Tecdrinkers swltchcd from or-
dinary 10dccaffemawd coffee: ? 12 week double blind tn.d. Br
Mcd J 199LI 3JJW1558-9.

2. GMctly DC. et 4(. Dacs caffeine wi~hdrawal comribwe m pas-
[ames[hetic morbidky” J.xmcet1989 k 133S.

3. Webcr SS7er al. Periopcra[ive mgcs!ion of crd7eincmd Psmp-
erxivc headache MW’O Clin Pruc 1993:* S42-5.

4. Nikolajscn L. et al. EfTexI of previous fccquencyof headache.
duration of f%tmg and caffeine absunence on pcrcoperauve
headache. Br J Anoesrh 1994:72295-7.

5. Verhccff FH. Millac JM. Does csffcinc conmbute 10postoper-
ative mortndity? &nccr 1992 3~ 632.

Pharmacokinetics
Cisffeine 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 by suppository maybe
slow and erratic. Absorption following irttramuscu-
Iar injection maybe slower than after oral adminis-
tration. Caffeine passes readily intothecentral
nervous system and into salivz low concentrations
are also present in breast milk. Caffeine crosses the
placenta.

Inadults,caffeinek metabolisedalmostcompletely
in the liver via oxidation, demethylation, and
acetyhstion, and is excreted in the arine as 1-methy -
luric acid, l-methylxanthine, 7-methyIxanthine.
1,7-dimethylxanthine (peraxanthine), 5-acetylami-
no-6 -formylamino-3-methy luraciI (AFMU), and
other metabolizes with only about 1Yo unchanged.
Neonates have a greatly reduced capacity to metab-
olise caffeine and it is largely excreted unchanged in
the urine until hepatic metabolism becomes signifi-
cantly developed, usually by about 6 months of age.
Elimination half-lives are approximately 3 to 6
houra in adults but maybe in excess of IOQhours in
neonates.

Lactation. Stadies examining the transfer of caffeine inm
breast milk atier doses of 35 to 336 mg of caffeine by mouth
have recorded peak matemal plasma concentrations of 2.4 to
4.7 yg pr mL. pcnlr maternal s~iiva concentsatmns of 1.2 to
~,~ fig ~r ~L, ~d pti brewt.milk COnCentfatiOns of 1.4 tO

7.2 pg per mL. At rhese concentrations in breast mdk. the cal-
culated daily CakTeine ingestion by bra.st-fed infants ranged
from 1.3 to 3. I mg, which was nnt thought 10 pfesem a haz-

% sYmfxrI t deno!es a preparation no longer actively marketed
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Caffeine/Acepify nine 34 I

reduced with complete abolition of apnoea in 6 infants.
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 er
al., J. Pediat.. 1977, 90, 467. See ako J. Am. med.
Ass.. 1976, 23S. 693; T. R. Gunn et al., J. Pediat..
1979.94, 106.

Dermaririr. In a double-blind study in 28 patients with
atopic dermatitis the application for 3 weeks of a 30%
csffeine cream produced significantly greater benefit (in
terms of erythema. scaling, Iichenifkation, oozing. and
excoriation) Ihan a placebo. It was considered that caff-
eine increased the corrcerrtrations of cyclic AMP in the
skin.— R. J. Kaplan er al. (letter), Archs Derm.. 1977,
f 13, 107. See also idem. 1978, /14, 60.

Hyperkinetic states. Caffeine might be a suitable alier-
ns.tive to central nervous system stimulants for children
with hyperkinetic states.— R. C. Schnackertberg, Am. J.
Psychiat., 1973, 130, 796. See also C. C. Reichard and
S. T. Elder, Am. J. Psychiat., 1977, 134, 144. A cmr-
trary view.— C. L. Sacmr, Am. J. Hosp. Pharrrz.. 1978,
35, 544.

!$~;~?s;?=A/.

623-f

Caffeine and Sodksm Benzoate (lM’.C. 19s4). Caf-
fein. et Sod. Benz.; Coffeinum et Natrii Bcnzoa% Cof-
feinum-natrium Benzoicum.

CAS—8000-95-1.

Phvrmscopoeias. In Aearl., Cz., Ger.. Hung.. Inr.. It..
Jap.. Ju ., Mex., Nerd., PoL. Roum., Rus., Swiss, and
Tu,k. & spscitled caffeine content varies from 38 to
52%.

A mixture of caffeine and sodium benzoate containing
47 to 50% of anhydroua caffeine. Itis a white odourleaa
powder with a slightly bitter taste. Sotubfe I in about

1.2 of water and 1 in 30 of alcohol; slighd soluble in
ichloroform. A solution in water haa a PH o 6.5 to 8.5.

Eupinai (Cuxwr. Gerrard. UK). Contains in each 5 ml
caffeine 1 t 5 mg and ammonium iodide 345 mg in infu-
sion of coffee.

fhprrine Verszark (Wilcox. UK). A solution containing in
each5 ml anhydrous caffeine i 55 mg, ammonium iodide
366 mg, Iiquorice liquid extract 0.0175 ml, cherry-laurel
aqueous extract (equivalent to hydrocyanic acid 27 #g)
o.g$~.ml. Dose. 5 ml in water once or twice daily before

625-n

CaffeineandSodiumSaficylate(&P.C. /949). Caf-
feirr. et Sod. Salicyl.: Coffeinum et Natrii Salicylafi
Coffeinum-natrium Salicylicum.

CM —8002-85-s.

Phmmwqmeios. In Atssf. (48 to 52%), Ger. (39 to
42%). [set. (44 10 46%), Swiss {46.8 to 48.6%), and
Turk. (44 to 46%).

A mixture of caffeine and sodium aalicylate containing
47 to 50% of anhyh’oua caffeine.
A white odourksa amorphous powder or granular mass

with a bitter saline taste. Soluble 1 in 2 of water and I

in 25 of alcohol. A S.77% solution in water is ia@
osmotic with serum. Solutions are starilisadby autoclav-
ing or by filtration. lnmospatibk with mineral acids.
iron salts, iodine. salts of heavy metals, and tannin.
Storein airtight containers. Protect from light.

Caffeine and sodium aalicylate was formerly used, by
subcutaneous injection as a 50% solution, as a cardiac
and respiratory stimulant and as a diuretic.

626-h
[A“

_m4
(L?.P.C. 199. Caffein. Cit.: C=

L

@ 10N402.cbH1~

CAS — 69-22-7.A 3.92% solution in water is iao-osmotic with semm.

r
Solutions are stesil+adby aytocl?ving or by ~ltration. +%armacopoeia.r. In Azssr.. Hung., irrd.. Roum., and
I-rsatibk with mureral ads. Iron salts, mdme, SS!SS SOUn. /
ofhea”iy metals, and tannin. Stoeain airtight ccastainera.
Protectfmm light.

Because of ita ready solubitity in waler caffeine and
sodium Lwnzoate has been employed for administration
of caffeine by injection. A 25% solution haa been used
sutrcutzneously as a cardiac and r=pir-story stimulant
and aa a diuretic in dmea of 120 to 300 mg.

Kernskems. Sodium benzoate in caffeine and sodium
benzoate injection muld uncouple bilimbin from its
albumin binding sites, which might induce kemicterua.
Such inj@ions should be administered with caution, if
at all, to neonates with raised bilirubin concentrations.—
D. Mhiff ef af., Pediatrics. 1971.48.139.

preparations

Caffefne ●nd SodiumBenzoate Injection (.YS.PJ. A
sterile solution in Water for lnjection~ PH 6.5 to 8.5.

A preparation containing caffeine and sodium benz@ate
was formerly marketed in Great Britain under the prop-
rietary name Elixir Shec (Vestric).

624-d

Caffeine and Sodksm Iodide (B.P.C. 1968). Caffein.
and Sod. Iod.; Iodocaffeine.

A mixture of caffeine and sodium iodide mntaining 47
to 50% of anhydrous caffeine. It is a white adourleas
powder with a bitter saline taste. Soluble 1 h 5 of
wate~ partly soluble in alcohol. [ncompatibk with mine-
ral acids. sahs of heavy metals. and tannin. Store in
airtight containers.

Caffeine and sodium iodide has the toxic effects of caf-
feine (p.340) and of iodine (p.862). It has been used as
a cardiac and respiratory stimulant and as a diuretic. It
is used for the relief of asthma. Doses of 120 to 600 mg
have been given.

Prqsaratiorsa

Caffeine Iodide Elixir (Lf:F’.C.. /973). Caffeine 150 mg,
sodium iodide 450 mg, hquorme liquid extract 0.3 ml,
chloroform 0.0 I ml, decnction prepared from a sufficient
quantity of recently 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 anhydroua caffeine.
A white odourlma pawder with a hitter acid taste.
Sokrbk 1 in 4 of hot water. dissociating on further dilu-
tion with the separation of caffeine on cooling which
redissolves in about 32 of watec soluble I in 25 of
alcohol. A solution in water is acid to litmus. Incompat-
ibk with mixmrea mntaining potassium icdide and
nitrous ether spirit, iodine behg liberated. incompatible
with phenazone. sodium benzrtate. acdium nitrite, and

sdium aalicylat~ caffeine, in half the dose of czffeine
citrate ordered, should be used for mixtures mntaining
thczc incompatible subatan-. Store in airtight mntain-
ers.

Caffeine citrate has been used similarly to caffeine
(P.341) in dew of 120 to 600 mg.

627-m

Acepifylline. Acefylline Piperazine; Pipcrazine
Theophyllinc Ethanoate. Piperazine bis(theophyl-
lin-7-ylacetate).
(C9H,0N,04)2,C4 H, QN2=562.5.

CAS — 18833-13-1.

A white odourlesa crystalline powder with a bit-
ter taste. M.p. 260°. Freely soluble in water;
slightly soluble in alcohol. A 109o solution in
water has a pH of about 7.

Adverse Effeeta, TreatmenL and Precautions. As
for Aminophylline, P.342. Acepifylline is con-
sidered to cause Ies nausea and gastric irritation
than amitzophylline and is better tolerated by
intramuscular injection.

Uses. Acepifylline is a theophylline derivative

which is used similarly to aminorthv[line (see. .
p.344).
It may be given by mouth in doses of 0.5 to 1 g
thrice daily, by rectum as suppositories in doses
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34.SM. was given aminophylline 6 mg (6 mgkg of amino-
phylline, 4.8 mg/kg theophylline) as an IV loading dose over
zo min. Maintenance doses of 1 mg Q 8 hr have been ordered.
Describe your pharmacotherapeutic monitoring plan for S.IM.
Include monitoring parameters for efficacy and toxicity and
duration of therapy.

The god of methylxanthine therapy in the treatment of apnea
of prematurity is to decrease the number of episodes of apnea and
bradycardia. Continuous monitoring of heart rate and respiratory
rate is required for proper evaluation. The time. duration, and se-
verity of episodes; activity of the infant; and any necessary inter-
vention performed should be documented. Relationships between
the apneic episodes and the feeding schedule and voh.rmeof 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 m

beyond40 weekspostconceptionalage.136Therefore,methylxan-

thinetherapyusuallyk discontinuedat35 to37 weeks postcon-

cep(ionalageprovidedthattheinfanthasnotbeen having apneic
spells.i~i Infants that require therapy for longer periods of time

may be discharged home on methylxanthines with apnea monitors.
Toxicitiesnotedinneonatesincludetachycardia,agitation,ir-

ritability, hyperglycemia, feeding intolerance, gastroesophageal re-
flux, and emesis or occasional spitting up of food. T~chycardia is
he most common toxicity and usually responds to a downward
adjustment of the theophylline dose. Tachycardia may persist for
me to three days after dosage reductions due to the decreased
:Iirnirration of theophylline-derived caffeine. Seizures also have
>een reported with accidental overdoses. Methylxanthine toxicity
:an be minimized with careful dosing and appropriate monitoring
}f serum concentrations. Serum theophylline concentrations
;hould be monitored 72 hours at”terinitiation of therapy or after a
:hange in dosage. Serum concentrations of theophylIine also
~houldbe measured if the infant experiences an increase in the
mmber of apneic episodes, signs or symptoms of toxicity, or a
significant increase in weight. In asymptomatic neonates, once
teady-state levels are obtained, theophylline concentrations may
~emonitored every two weeks.

35. S.M. now is 3 weeks old (32 weeks postconceptiona[ age)
lnd weighs 1100 gm. His septic work-up was negative. Cur-
ently S.M. has several apneic spells per day which respond to
actile stimulation; his apneic episodes have not required ven-
ilatory assistance. S.M. receives 1 mg aminophylline W Q 8
r and his trough theophylline level this morning was 5.7
g/mL. The medical team is considering switching S.M.’Sthe-
phyllinetherapy to caffeine becauseof possibleimproved ben-
fit.s. How does caffeine compare to theophylline with regard
J its pharmacokinetics, efficacy,and toxicity? What treatment
bould be selected?

Pharmacokinetics. The plasma clearance of caffeine is consid-
“ably lower and the half-life is extremely prolonged in the pre-
lature newborn (see Table 96.2). The low clearance is a reflection
~the decreased neonatal hepatic metabolism and a resultant de-
mdence of elimination on the slow urinary excretion. In the pre-
rrn neonate, the amount of caffeine excreted unchanged in the
_ineis 85970, compared to less than 2% in adults. Adult urinary

etabolite patterns are seen by seven to nine months of age, 154
ie half-life of c~ffeine decreases with increasing postconcep-
Xrai age[55 and plasma clearance reaches adult levels after 3 to
5 months of life. ‘5GAs a result of the maturational chmrges, doses
,ually need to be adjusted after 38 weeks postconceptional age
[d dosing intervals need to be shortened to eight hours after 50
eeks postconceptional age.!ss

96-23

Efficacy, Toxici~, and Dosing. Comparative studies have found
similar eftic~cy for theophylline and caffeine in the control of ap-
nea of premtrturlty.’~‘lm Caffeine, however, may have some ad-
v-antages over theophylline including a wider therapeutic index.
Adverse effects such as tachycardia, CNS excitation, and feeding
intolerance are reported more frequently with theophylline than
with caffeine. The prolonged half-life of caffeine in premature ne-

L

$?&
onates results in less fluctuation in plasma concentrations and per-
mits the use of a 24-hour dosing interval. Since the half-life is
prolonged and dosing requirements do not change quickly over
time. caffeine serum concentrations can be monitored less fre- s ,
quently&il or IV loading doses of 10 mg/’k~of _ ba

s .$5
e (ZO

mg~g of caffeine citrate), followed by maintenance dosti 2.5 --
m-@cg(5 mglkg caffeine citrate) given daily will~ @asma J
caffeine concentrations in the therapeutic range (5 to 2Qs q/mL .[w

Although infants who are unresponsive to theophylline may re-
spond to caffeine, ’59S,M.’S theophy[line therapy presently is not
optimized; his serum concentration is less than 6 ~g/mL. S.M.
appears to have partially responded to theophylline and may ben-
efit from m increase in the dose with resultant therapeutic serum
concentrations. S.M.’s aminophylline dose should be increased
to [.5 mg every eight hours to achieve serum concentrations of
around 8 pg/mL. Although caffeine may have several advantages
over theophylline, the IV product marketed in the U.S. is only
ovailable asthesodiumberrzoatesalt.Benzoicacidhasbeenass-

ociatedwiththegaspingsyndromeandalsomay displacebilirubin

from aibuminbindingsites.3435Becauseof thesetoxicities,caf-

feine sodium benzoate should not be used in neonates. It is pos-
sible, however, to compound an acceptable IV and oral caffeine
preparation. ‘w As for any compounded injectable preparation,
quality control must be done to assure sterility, stability, and lack
of pyrogen contamination. [f the hospital currently is not com-
pounding an IV caffeine product, it could take months to institute
quality control measures.

Other Agents
36. S.ih4.’sdose of theophylline has been optimized and the-

ophylline serum concentration now are 12.4 pg/mL. S.IM. con-
tinues to have apneic episodes. What other pharmacologic
agents can be used?

Doxapram, an analeptic agent, has been shown to be as effective
as theophy Nine for the treatment of apnea of prematurity. Ib1,162
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.’4 In addition,
the IV preparation commercially available in the U.S. contains
0.9% benzyl alcohol and should be used with caution. Although
doses are not well defined, 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.lc~ Doses may be increased
by 0.5 mg/l@hour increments to a maximum dose of 2.5
mg/kg/hour. 144Lower doses have been used in infants receiving
concomitant methylxanthine therapy with approximately 50% 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 welI defined. ‘W.IC5Side effects
associated with doxapram include: increased blood pressure (usu-
ally with doses >1.5 mb@kg/hour);]M GI disturbances such as ab-
dominal distension, regurgitation, increased gastric residuals, and

vomiting; and CNS adverse effects such m increased agitation,
excessive crying, jitteriness, irritability, disturbed sleep, and sei-
zures. Further studies of doxapram are needed in order to better
delineae its adverse effects and to help define its safety and effi-
cacy for the treatment of apnea of prematurityy.



.s.

1

2

3

4

7

8

9

96-32 Pediatric Therapy

References

10

12

13

14

15

16

17

18

Shirkey H. Ttvmpeutic orphans. J Pe-

dim. 1968;72: 119. EditoriI[,

Gilman JT, Cal P. Pharmmmkinetlc

and phammcodynwnic data collection

in chiidren and neonates: a quiet fro-

ntier.Clin Pharmacokinet. 199223:1.

Fletcher MA. Physlcd assessment and
cia.ssi!ica[ion. [n: Avety GE et d,, eds.
Neonatology: Pznhophysiology and

Management of the ?Jewlmm, 4th cd.

Philadelphia: JB Lippincnu: 1994:269.

Avery GB et al., eda. Neonamlogy:

Pmhophysiology and Management of

the Newkm, 4th cd. Philadelphia. PA:

JB LippincotL 1994:1389,

Taketomn CK et al. Pediatric Dosage

Handbaok. 2nd ed. Hudson. OH: lxxi-
Comp; 1993.

Yahav $. Omelopment of pmietal

cells, acid secreuon. and response to

sectetagogues. In: Lebemhal E, cd. Hu-

man GasmmmestinaJ Development.

New York: Ruven Press: 1989:341.

Hynmn PE et al. Gastric ~cid secre-

tory function in preterm infants. J Pe-

diwr. 1985; 106:467.

JWorselli PL. Clinical phmnwuxiogy of

the pcrinatd period and early infmcy.
CIin Pharmacokinet. 1989: 17(Suppl.

1):[3.

Brsunder .fB et af. Prin.lp[es of dmg

disposition in the neonate. A critical

evaluation of the phcunvwokinetic.phar.

macndynamic interface. Pan I. Clin

Pharnmcokinet. 1988; 14: 1!39.

Radde IC. Mechmisms of drug ab-

sorpoon and [heir development. [x

Rwide [C, MacLecd S M, eds. Pediatric

Pharnwoiogy and Therdp.amcs. S[.

Louis Mosby Year Bnok; 1993:16,

Heimarm G. Enrercl absorption and

bioavailability m children in relation to

age. Eur J Clin Pharmacol, 198018

43-50.

Stewart CF. Hampton EW. Effect of

mamratlon on drug disposition in pe-

diatric patients. Clin Phann. [987:6:

548,

.%igler RS. The administration of rec-

tal diazepam for acute management of

seizures. J Emerg .Med. 19908:155.

Wu PYK et al. Peripheral blcod flow

in the neonate. [. Changes in totaJ,

skin, and muscle blnnd How wirh gcs-

Iational md posmatai age. Pediatr Res.

1980; [4:[374.

Rutter N. Percutaneous drug absorp.
[ion m the newborn: hazards and WCS.

Perina( Pharnmcol. 1987; 14.9[ 1.

Evana NJ et al. Percumneous admin-

istration of theophyl line m the preferm

infant. J Peditur. 1985; 107:307.

MIcafi GM et al. EvaJwrCio” of WMS.

dend theophylline phammcokinetics

in neonates. Pharmacotherapy. 1993;

13:386.

Radde IC. Growfh and drug distnbu-

hon. In: Radde IC, Maclecd SM, eds.

Pediamc Pharmacology and Therapeu-

tics. St. Louis: Mosby Year Bcok;

1993:43.

Friis-Han.sen B. Water dlstnbuticmin
the foetus and newborn mfam. Acts

Paediatr Stand. 1983; 305( Suppl,):7.

Nforseili PL et al. Clinical pbarmac~

kinetics in newborns and infants. Clin

Phmmmcokiner, 1980;5 :485

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Be-sunder.JB et al. Principlesof drug
dk.pnsition in the m.mate. A critical
evalua[mn of the pharmacokinetic-

phmrnacndynmnic interface. Pan Il.

Clin Pharmacokinc:. 1988:14:261.

Radde IC. Drugs and pmxein birrding.

fn: Radde IC. Maclend SM, cds. Peal-

aUIC Pharmacology and Themp.WiCS.

St. Louis: Mosby Year BoniG 1993:31.

Aranda JV et al. Pbarmacokinetic

as~cts nf theophylline in premiwurc

newbnms, N Engl J Med. 1976;295:

413.

tie A et al. Pbsma protein biiding

of diphenylhydantom in nocmaf and

hyperbilimbinermc infam. J Pediau.

1971 ;78:877.

Cashort WJ. Hypcrhilimbin.mia. In:

Pomemnce JJ, Richardson CJ, eds.

Neonatology for tie Clinician. Nw-

walk: Appleton & Lange: 1993:231.

Robertsnn A, Bmdersen R. Effect of

drug combinations on bilimbin-aJbu-

min binding. fJCV Pharmacol Ther.

1991; 17:95.

Martin E et al. Cefmaxone-biJimbin-

alburmn inremctions m the neonate: an

in vivo study. Eur J Pcdiatr. 1993;152:

530.

Stutman HR et al. Potential of mox-

ak.ctam amd other new antmicmbial

~gents for bilimbin-albumin displace-

ment in neunates. Pediatrics. 1985;75;

294.

Springer C, Eyai F. phwmacology

of Irimedloptim-sulfamethoxazolc in

newbnm infmts. J Pedlau. 1982; 100

fM7.

Radde IC, Kafow W. Drug biewms-

formation and its development. In:

Radde IC, .Maclecd SM. cds. PtiIasric

ph~XOiOgy and ThCm~UtiCS. St.

Louis ,Mosby Year Bwk 1993:57,
#u-mrdaJY et d. Hepatic micmsnmai

dmg oxidarmn and clecunn uansport in

rtewbnm infants. J Pediam. 1974; 85:

534.

KrmIs DK et al. Alterations in thcnph-

ylline metabolism during the first year

of life. C[in Pharmacol Ther 1993;54:

351.

LeBel M. Benzyl .dcohol metabn[ism

and eiimhtion in nennates, D-n Phar-

macol ‘her. 1988:11:347.

Gershanik J et al. The gasping syn-

drome and bcnzyi alcohol pnisoning. N

Engl J Med. 1982:307:1384.

Fnud md Drug Administration. Ben.

zyl aJcohoi may be tome m newbnrns.

FDA Drug BuUetin, 1982:12; 10,

Morse[li PL et ai. Diazepam elimina-

tion in premature and full-mm infants

and children, J Perinat Med. 1973; 1:

133.

Sereni F et al. Induction of drug me-

tabolizing enzyme wtwioes in the hu-

man fetus and in tie newbnm infant

Enzyme. 1973; 15:318.

Gal Pet af. The influence of asphyxia

on phenoharbiral dosing requirements

in neonates. Dev Pharmacol Ther. 1984;

7,145.

Ftadde lC. Renal funcrion and elimi-

nauon of dtugs during development.

In: Raddc IC, Maclend SM. i?dS.Pedi-

atric Pharmacology and Therapeutics,

St. Louis: ,Mosby Year Brink; 1993:87.

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

5.9

Vrmpee M et af. Rend function in vety

low bidr weight infants: normal ma.

nmty reached during early childhnod,

J Pcdiatr. 199Z121:7S4.

Rndvold et af. Pmdicnon of gentami-

cin concentrations in neonates and in-

fama using a bayesian phamxwokinetic

mcdcl. Dev Pharmacol Thcr. 1993; 20.

211-19.

KiIdon C et al. Developmental pattern

of gentamicin kinetics in very low btrth

weighr (VLB~ sick infanrs. Da Phar-

mrtcol Tk. 1984; 7:345.

f@ik JW et al. Pnstconceptiona] age

and gcntmnicin elimination haJf-life. J

Pediatr. 1981106:502.

Ynung ~ Mangum OB. Ncnfax ’94

A Manual of Dregs Used in Nennatal

Cam. 7th cd. Columbus, OH: Ross

Pmducts Division. Abbntt IAbaratn-

rie% 1994:26.

Prober CG ●t al. Tb-e use of antibiotics

in neonates weighing less dtarr 1200

grams. Pediarr fnfcct Dis J. 199t19

III.

Friedman CA et al. Gentamicin dis-

pnsirimr in asphyxiated newbnnw rc.

latiomhip to mean arterial presaurc and

urine ourpm. Pcdiatr Pharnmcol. 1982;

2:189.

Z.ar6n Y et al. Possible indnmethacin-

aminoglycnside interaction in pr.cterm

infants J Pediatr. 1985;lfM5 11.
Koren G et ak. Effeeta of indomethacin

on dtgoxin pharmacokinetics ;n pm.

W-m infants PcdLur Pharmmol. I 984;

425.

Hrnk JB, Hewitt WR. Development

of mccbanisrns for drug excretinn. Am

J MA 1977;62:497.

Jobc AH. Pathophysiology of respira-

tory diaucsa syndrome. [n: Farm-nff

AA. Mamn RJ, eds. Numaral-Pcrinatai

Medicti Diseases of the Fetus and In-

fant. 5th cd. SL Louis: Mnaby Year

Bcmk 1992995,

JObCA, Ikegami M. Surfactantfor the
treatment of nxpiratoty distress syn-

drnmc. Am Rev Rcspir Dis. 1987; 136:

1256.

Jofse AH. SUrfactant thempy for mS-

piratcfy dismess syndrome. fn: POmer-

ancc 11, Richardson CJ, eds. Nennaml-

ogy fw Ibc Chician. Norwafk Apple.

ton & Lange; 1993:257,

Hagedorn Ml et aL Respirato~ dis-

eaaes. fn: Merenstein GB. Gatdner SL,

eds. Hamftmnk of Neonatal Intensive

Cam. 3rd cd. St. Lnuis Mosby YeaK

Bonk; 1993:311.

Stark AR, Frantz CD. Respimrory dis-

tress syndrome. P.dhts Clin Nonh Am.

198633:533.

Papke KJL Management nf pmterm la-

bnr and prevention of premature deliv-

ev. Num C!in Nonh Am. 1993; 28:279.

AUbert J, Morrisnn JC. Glucocom-

coids and fetal pulmonary marurity. In:

R~ybum WF. Zuspan FP, eds. Dmg

Themp y in Obswxics and Gynecology.

St. Louis Mosby Year Brink; 1992:90.

Bishop EH. Accclermion of fetal pul-

mnnmy maturity, Obstet Gynecni. 198I;
58:48S.
Kwong MS, Egan EA. Reduced inci-

dence of byafinc membmne disease in

cxlrctncly premature infanrs following

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

14

75

76

delay of delivery in mother witi pm.

term labnc use of nmdrine and km.

metfmxme. Pediwncs. 1986.78:767. 1

Crrrwky Pet al. Tbc effects of cord.

cnstcmid tiministra[ ion before prc-

tenn delivery: MI overview of the evi.

dcnce frnm cmm-niled trials. Br J Ob.

stet Gymaecol. 1990; 97: I I.

HaOman M et al. The fate of exogc.-

nnus surfhctant in nconares with m.

pimrmy distress syndrome. Clin Phar.

macokitrct. 1994:26.215.

Jobe AH. Rdmonarf surfacmnt ther-

aPY. N Efigl J M~. 1993:328:861.
CorbctA. Clinical reals of synthetic

smfacmnt in the respmtoty distms.s

syndrmnc of premaNrc infants. Clin

Pcrinatol. 1993; 20:737.

Mercfer CE. Snll RF. Climcd uiafs

of natural smfwmm in respiratory dis.

tress syndrome. Clin Pennatol. 1993;

20711.

Burroughs Wellcome Co. Exosurf ne-

onaral fnr intmtmched suspension, Re-

search Triangle Park. SC, 1990 Aug.

Ross Laboratories. Sui-vantaimratm.
cheal suspension pack~ge insert. Co-

lumbus, OH. 1991 June.

PrevQsI RR. Compwing surfactam

pmducrs. Clin Pharm. 1991; IO:909.

OSHUS Collahnratire Grnup. Early

versus delayed nconwf 3dministmtinn

of a synthetic wrfactam— [be judge-

mcm of OSIRLS. Lance!, [99234tl

1363.

Vaucher YE. Outcome at twelve

monrhs of adjusted Jge in very low

birth weight infants with lmrg im.

MWUfjty: a randomized, piW&O-COn-

troiled td of humm sut+actam. J Pe-

diatr. 1993;122: 126.

SiUer CG et af. Pump dministrati&

of exngennus surfac:atrt effects on 0x-

ygenarion, bean rate, md chest wall

nmvement of premature infants J Per-

inatol. 1993; 13:197.

Raju TNK, Langenbcrg P. Pubnn-

nary hemorrhage and exogenous sur-

factant therapy: a metaamdysis. JPe-
diatr. [993; 123:603.

Horhar JD et aI. A muhicenter ran-’

domizerf tnai compting two surfac-

rzmts for the wearment of neonatal rcs-

piratnry distress syndrome. J Pediau~”

i99X123:757,

Zofa EM et id. Comparison of three

dosing procedures for administration of

bovine smfactmt to neonates with res-

pmxory dktmss syndrome. J PechaU.

1993; 122:453.

Green TP et af. Diuresis and pulmo-

nary frmction in prematum infants with

respirarmy distress syndrome. J Pc-

diatc 1983; 103:618.

Yeh TF et af. f2wIy fm-m.emide rher-

aPY in pmmatme infwmr (QOCG gm)

wirh rcspiramry distress syndmmc: a

randomized conwolled uid, J Pedi@.

1984; 105:603.

Green TP et al. Furownide pmmOte$”

patent ductus anenosus in prerna~

mfam.r wdr [he respmwory dlsO’W

sYndmme. N Engl J .Med. 1983;30g:j,.. ,
743.

Guytnn AC. Texdmnk of Medi~~”

Physiology. Philadelphia. PA: .~. : .,



96-33‘l=:2~

p(eanatal Therapy

n

-—-.
78

87

88

89

90

91

92

93

94

d

,,
. f.,.

.+-,.. .. ... 95.. ...+
.;.; ,* e..
.,?,

.’. .

Hammert’nan C et al. Persistent pul-

monary hype fiensmn of che newbum.

,Monaging [he unmanageable? Clin

perinmol. 1989; 16: 137.

Barst KJ, Gersony WM. The phar-

macologic treatment of patent ductus

aneriosus. A review of the cwdence.

Drugs. 1989; 38:249.

Bhalt V, Nahata MC. Pharmacologic

management of patent ductus ancrio-

sus, Clin Pharm. 1989;8: 17.

DorddarSM etal.Roleofindometh-
acin in ductus closure: an update cwd-

uarion. Dev Pharmacol Tier. 1988; 11:

196.

Chessman KH, Alpert BS. Phanmt-

cologic manipulation of tie ducms

wteriosus in neonates. Hosp Phanm

1988:23.825.

Gersony WM et al. Effects of indo-

methacm in premamre infwa with pat-

ent duc[us arterimus: resuits of a na-

uond colkdmmuve study. J Pediatr.

1983:102:895.

Daberkow 1E, Washington RL. Car-

diovascular and surgical interventions.

[n: Mwenstein GB, Gardner SL, eds.

Handbook of Neonmd Intensive Care.

St. Louis: Mosby Year BOOIG 1993:

365.

Weist DB. Population phwmacokinet-

ics of inmavenous mdomethacin in ne-

onates with symptomatic patent ducnis

armriosus. CIin Pharmcol Tber. 199 I;

49:550.

YatTe SJ et af. The disposition of in-

dom~tbacin in pretemn babies. J Pe-

diatr. 1980;97:1001.

Yeh TF et al. Fumsemidc ptevents the

renal side effects of indomethacin rher-

~PY in pmmatum infants with patent

ductus arteriosus. J Pediatr. 1982;101:

433.

Gal P, GilIman JT. Drug disposition

in neonates with patent ducru$ arterio-

SUS.Ann Phamuacmher. 1993; 27:1383.

Coombs RC et al. Gut flow velocities

in the newfmm: effects of patent ducms

arteriosus and parenterd indomethacin.

Arch Dis Chdd. 1990;65: 1067.

Merit LR et af. Low-dose indomc.&m-

cin therapy and extension of intraven-

tricular hemorrhage: a multicenter ran-

domized trial. J Pediacr 1994; 124:951.

Hammerman C, .iramburo MJ. Pm-
Ionged indomethacin therapy for the

prevenuon of recurrences of patent

ductus arteriosus. J Pedimr. 1990;117:

771,

Mellander M et al. Recurrence of

sympmmatic patent ductus aneriosus

in extremely premamre infants, treated

wuh indome(hacm. J Pediam. 1984:

105:138.

Seyberth HWet aL Recovery of pros-

[aglandin pruductton a.ssccia[ed with

reopening of the ductus anenosus after

indomethacin treatment in pretenn in-

fants with respiratory distress syn-

drome. Pediatr Phanmtcol. 1982;2: 127.

Rennie JM, Cooke RWL Prolonged

low dose indomelhacin for persistent

ductus uwx’iosus of premamrity. Arch

Dis Ch]ld. 1991;66:55.

Hammerman C et aL The silent duc-

tus: its precursors and its aftermath. Pe-

dim.r Cardiol. 1986;7 121.

Krueger E et af. Prevention of symp-

tomauc patent ductus anertosus with a

single dose of indomethacin. J Pediatr.

1987;1 11.749.

96

97

98

99

Egan EA. .AgarwaJ S. NeonamJ rtcc-

muizing enterucolitis. [n: Lebmdd E,

ed. Textbcmk of Gastromterulogy and

Nutrition in Infancy. 2nd ed. New

York: Raven press: 1989:107 [.

Crouae DT. Necmtizing entermolitis.

[n: Pomemnce JJ,Richardson CJ, eds.

Neonatoiogy for the Clinician. Nor-

walk: Appleton & Lan8e; 1993:363-

64.

MacKendrick W, CapIan M. Necm-

!izing entei-ocolit:s. New thoughts

abuut pathogenesis and potential treat-

mems. Pcdiatr CIin North h. 1993;

m 1CM7.

WaJsh MC. K1i~man RM. Necrutiz-

ing enterucolitis: treatment based on

staging criteria. PedLxr Clin Not-dt Am.

1986:33:179.

100 KJiegtnan RM, Fanaroff AA. Nec-

runzing emerocolitis. N Engl J Med.

I984:3IO1O93.

101 McKeuwn RE et aL Role of delayed

feeding and of feeding increments in

necmtizing entermolitis. J Pediatr.

1992; 121:764.

102 .%heifele DW et af. Comparison of

two mmibmnc regimens for neonatal

necnnizing enmrocolius. J Anmmcrnb

Chemotber. 1987;20421.

103 Gcylack L et af. Serum concentrations

of gentanucin following otzd adminis-

tmion to prcterm newbttms. Dev Phar-

macol Ther. 1982:5:47.

104 Han VKii et af. An outbreak of clos-

tndium difficile necmtizing encemcol-

itis: a case for oral vaucomycin ther-

apy. pdlatrics. [983;71 :935.

105 Genrge WL. Peritonitis and intra-ab-

dorninal abscess. In: Feigin RD, Cherry

JD, eds. Textbuuk of Pediatric Iufec-

tio~s Diseases. 3rd cd. Phhcfelphix

WB Saunders; 1992:722.

106 Fuix RG et af. A randotizcd con-

uolJed mid of patcnteral clindamycin

in neonatal necrutizing enterucolitis. J

Pcdiau. 1988;1 12:271.

107 Schwartz ML .Maeda K. Short ftnwel

syndrome in infants and children. Pe-

diatr Clin North Am. 1985;32: 1265.

108 Scigel JD, McCracken GH. Sepsis

neonatotum. N Engl J Med. 1981 ;304:

&12.

109 Smith JB. BacwiaJ and fungaf infec-

tions of the neonate. In: Pomerance JJ,

Richardson CJ, ed.s. Neonatology for

the Climcmm Norwalk Appleton &

Lange; 1993:185.

110 Weisman LE et af. Ear[y+nset group

B srrcptcccccal sepsis: a current as-

sessment. J Pediatr. 1992;121 :428.

111 Klein JO et af. Repon of the task fotce

on diagnosis and management of men-

ingitis. Pediatics. 198678:959.

112 Freij BJ, McCracken GH. Acute in-

fecuons. fn: Avery GB et d., eds.

Neonatology: Pathophysiology and

Management of the Newborn. 4th ed.

Philadelphm JB LippincotC 1994:

1082.

113 Hafl SL. Coaguiase.negative staphy-

Iccoccaf infecnons in neonmes. Pediau

Intect Dis J. 1991; 1057.

114 Patrick CC. COagulasc-ne8ative

staphyiccocci: parhogens wilh increas-

ing climcai wgnificmce. J PedImr.

1990; I16:497.

115 Patrick CC et d. Persistent bactere
mia due to coagulase-nega.tive staphy.

Iococci in low birth weight neonates.

pediatrics. 1989; 84:977.

116 McCracken GH. Current management

of bacterial menmgitis in infants ond

children. Pediau fnfcct Dis J. 1992;1 1:

169.

117 Payne NR et aL Sciccting amihiotics

for nosccomid bactenaf infections in

patients requiring neonatal intensive

care. Neonatal Xetw. 19%13:41.

118 Bafey JE. NcunamJ candidiam: tbe

curmmt chdlengc. Clin Perinatol. 199 l;

18:263.

119 Nefsorr JD. Pccketbnnk of Pcdiarric

Antimicmbid Therapy. 11th cd. Balti-

more, MD Williams& Wilkins 1995:

16.

120 Baflow M et af. Development of the

immune system in very low birtb

weight (less than 1500 g) premature in-

fants: conccntions of pk+ama imtnu-

noglobulins and patterns of infections.

Pediatr Res. 1986:2D899.

121 Weiaman LJL .\dvances in the ueat-

mcmt of neouacai sepsis and mcnmgi[is.

fsr J Med Sci. 1994;30455.

122 Fwcher GW. Use of intravenous im-

mune globulin m newbm infants. Clin

Exp Intmunol. l%97(Suppl. 1)73.

123 Weisman LE et af. Intravenous im-

mune globulin tiempy for earl y+nset

sepsis in premature newtatcs. J Pedimr.

1992; 121:434

124 Baker CJ et al. btuavenous immune

globulin for the prevention of noso-

comitd infection in Iow-binh-weight

neonates. N Engl J Med. 1992.327:

213.

125 Fanaroff AA et d. A cuntmiled uid
of inu-avenuus immune globulin to re-

duce nosucomid itktiona in very-

126

127

12s

129

130

131

132

133

134

135

[ow-birtb-weight iufama. N Engl J

Med. 1994S30 1107.

Weisman L& Lot-enzetti PM. High

intmvenou$ .kes d human immune

globulin suppress ttconatal group B

strcpmccccd immunity in rats. J Pe-

diarr. 1989115:445.

BeU SG. Iunavenotu imt’rmnoglobuiin

therapy in nconataf sepsis. Neonatal

Netw. 1991 :9;9.

Smith JB. Congenital vimf and pruto-

zoan infections. Jn: Pomerance JJ,
Richardson CJ, eds. Neunatology for

the Clinicim Nmwaik Appleton &

Lange; 1993:173.

BaJe JF, ,Murph JR. Ccmgenitaf infcc-

nuns and dte netwars system. PuJiatr

CIin Nomh Am. 1992;39:669.

American .Academy of Pediatrics.

Peter G, cd. 1994 Red Bunk: Repnrt of

the CommirIec on infectious Diseases.

23rd ed. Elk Grove VOlage, IL Amer-

ican Academy of Pediatrics; 1994.

Enghutd J.A et ak Acyclovir therapy

in neonatis. J Pediatr. 199 I; 119:129.

OveraJl JC. Hcqxssimplex virus in-

fection of the fetus and newbnm. Pe-

diarr Am. 199423:131.

WhitJey RJ. NconataJ herpes simplex

virus infccnons. J Med Viml, 1993;

41(suppi. 1):13.

Brnwn ZA et ak Neonatal herpes sim-

plex virus mfecuon in reianon to

asymptom.mc maremaf infection at the

time of labor. Y Engl J Med. 199 I ;324:

1247.

Whitley R .* controlled trial comp.ox-

ing vidambme with iwyclovir in neu-

natal herpes simplex wms mfecnon. N

Engl J Med. 1991; 324:444.

136 Henderson-Smart DJ. The effect of

gcstationai age cm the incidence and

duration of recurrent apnoe~ in new-

born babies. Aust Pacdiatr J. 1981;17:

273.

137 Alden ER et d. Morbidity md mor-

kdity of infmts weighing less than

IOCO grants in m intensive cam nur5-

ety. Pediatrics. 197250:40,

138 Barrington K. Finer N. The natural

history of the appamnce of apnea of
prCIMNIity. Pediatr Res. 1991:29:372.

139 Conscnaus Statetncnt. National Insti-

tutes of HeaJth consensus development

confercrtce on infantile apnea and

home monitoring, Scpt 29 10 Ckt 1,

1986. Pediatrics. 1987;79:29Z

140 Martin GL lnfmr apnea. In: Pomer-
anceJJ, Richardsnu CJ. eds. Neonmol-

OgY for lfte Clinician. Notwalk Apple.

ton & Lange; 1993:267.

141 Miller M.J, Martin RJ. Apneaof pre-

maturity. CIin Pcrinatol. 1992; 19789.

142 Martin R.J et al. Parhogenesis of ap-

nea in ptmetm infants. J Pcdiatr. [986:

109:733,738.

143 Finer NN et al. Obsuuctive. mixed.

and central apnea in the neonate: phys-

iologic conehues. J Pediatr. 1992:12 I:

943.

~ JV et al Drug treatment of

‘neonatal apnea. [n: Yaffe SJ, Amrtda

JV, eds. Pediatric Phwnmcology: Ther-

apeutic Principles in practice. Pbikfel.

phiz WB Saunders; 1992: !93.

145 Darnafl RA. Aminophylline reduces

hypuxic ventilatoty depression: pos-

sible rule of adcnosine. Pediatr Res.

1985; 19706.

146 Myers TF et d. Lowdose thcuphyl-

Iine therapy in idiopathic apnea of pre-

IttaNnty. J Pediam. 1980:%.99.

147 Ktitter KE, Bkmchartf J. Mmage-

ment of apnea in infatm. Clin Pbatm.

[9898:577.

148 Lopes JM et al. The effects of thcopb-

yllinc on diaphra8malic fatigue in tie

newtmm. Pediatr Res. 198216:355A.

149 Tang-Lui DDS et af. Nonlinear lhe-

ophylline elimination. Clin Pbannacol

Tber. 1982;31:358.

150 Tang-Lui DD, Reigelman S. Metab-
olism of tbeophyoine to caffeine in

adults. Res Commun Chem Patbol

PbarmacoL 1981;34:371.

151 Muttitt SC et rd. 71e dose rcspunse of

theophyiline in the trwtmcnt of apnea

of prematurity. J Pediarr. 1988:112:

115.

1S2 WiUia J, ML Us-eof theophyiline m in-

fants. FDA Dmg Bull. 1985:15:16,

153 Kraus DM et af. Pbarmacokinetic

evaluation of two theophylline dosing

methods for infams. Tber Dmg .Monit.

1994; 16270.

154 Aldridge A et af. Caffeine metabolism

~ the newbnm. Clin Pftmu,wol Tbcr.

1979;25:447.

~LeGmmec JC et af. Matwaticmal

changes of caffeine concentration md

disposition in infancy during mainte-

nance therapy for apnea of prematurity:

influence of gestmional age, bepatic

disease, and breast-feeding. Pedimncs.

1985:76:834.

~randa JV et d. Maturation of caf-

feine elimination in infancy. Arch DIS

Child. 1979;54:946.

1-
57 Brouard C et af. Comparative-

of theophylline and mffeme in the

treatment of idiopathic apnea in pre-
/ mature mfams. Am J Dis Child. 1985;

139:698.

L’-’

h

L“

L--

—— _—-———_______



http:ll130. 14.32.43icgi.,,M-elient? 1580 l+detail+2 http://13O.14.32.43/cgi-bitilGM~kent? 1580l+detaiI+2

-.=--- “

la

n
TITLE:

k ~e.t.raluse.
Stability of titrated caffeine solutions for injectable and

AUTHOR: Eisenberg MG; Kang N

SOURCE: Am J Hosp Pharm 1984 Nov;41(11):2405-6

NLM CIT. ID: 85069497

MAIN MESH SUBJECTS: Caffeine/*ADMINISTRATION & DOSAGE

ADDITIONAL MESH Administration, Oral
SUBJECTS: Chromatography, High Pressure Liquid

Drug Stability
Human
Injections
Solutions
Time Factors

PUBLICATION TYPES: JOURNAL ARTICLE

LANGUAGE: Eng

REGISTRY NUMBERS: O(Solutions)
58-08-2 (Caffeine)

.-.

lofl 4i29/98 4:56 PM



http://l3O.14.32.46/cgi,..Mwlient?lO9OO+detail+l

w
[3

,-% TITLE:

+
AUTHOR.

SOURCE:

NLM CIT. ID:

ABSTRACT:

MAIN MESH
SUBJECTS:

4-’%
ADDITIONAL
MESH
SUBJECTS:

PUBLICATION
TYPES:

LANGUAGE:

REGISTRY
NUMBERS:

— .

http://l3O.14.32.46/cgi-bin/IGM-client?10900-tdetail+1

%emat.rei.fa.ts.
Comparative eftlcacy or theophylline and caffeine in the treatment of
idiopathic ap

Brouard C; Moriette G; Murat I; Flouvat B; Pajot N; Walti H; de
Gamarra E; Relier JP

Am J Dis Child 1985 Jul; 139(7):698-700

85248287

The purpose of our prospective randomized study was to compare the
efficacy 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 similar significant decreases of the apnea
frequency in bot-phyll~~roup 1, n = 8) and caffeine-treated
infants (group 2, n = 8). No un~esirable side effects were observed, except
for tachycardia in one infant inkgrtmp 1.

0 ~t the
~ti;~tifkiue isaS~#ie@ %d~q~iertoadrn~n~s~gr. ~~............. . .
Apnea/*DRUG THERAPY
Caffeine/BLOOD/* THERAPEUTIC USE
Infant, Premature, Diseases/*DRUG THERAPY
Theophylline/ADVERSE EFFECTS/BLOOD/* THERAPEUTIC USE

Comparative Study
Human
Infant, Newborn
Support, Non-U.S. Gov’t
Tachycardia/CHEMICALLY INDUCED

CLINICAL TRIAL
JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

Eng

58-08-2 (Caffeine)
58-55-9 (Theophylline)

----.s .

2of2 5/5/98 12:30 PM



I~
‘1

.4=%

_.-.

__F--<

~” Comparative Efficacy of Theophylline and Caffeine in the=......
Treatment of Idiopathic Apnea in Premature Infants ‘“
Christine Brouard,MD;GuyMonette,MD;IsabelleMurat,MD;BernardFlouvat,PharmD;
NicolePajot;Herv4WaIti,MD; Edume de Gamarra, MD;Jean-PierreRelier,MD 1

:?/

● Thepurposeof our prospective mn-
domlzad etudy wee to compare the
affkacy of theophylllne athyknedi-
●mine and c#feine aodlum cltrata In the
traatment of ldlopathk apnea In pre-
matum Infante. Slxtaen Infante wfth
thraeor mom aavereapnalc attackswara
atudkd. Tkonty-four-hour cardloraspl-
mtory racadlngs Immediately before
and aftar mndomlzatkn and four daye
later SW similar slgnlfkent de-
creaeea of theapnaa fraquancyln both
theophyllls (group 1, n= 8) and caf-
feina-treated Manta (group Z n =S} No
undadmbb SW effacta wara obeervad,
except for tachycardla In one infant In
group1. Wesuggeet reaaons for prefar-
rtngcdfelna to t.heophylllne In the con-
trol of Idlopathk ●pnea In premature
Manta: caffeine te ae affklent and
aaeler to admlnktar.

(AJDc19s5;139:696-700)

T heophylline is widely used to con-
trol apnea in premature infarh’

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 cases’
make the use of theophylline rather
problematical.

We have previously confirmed that
caffeine is also effective in controlling
apnea. a

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 infanb.

PAnENTS AND METHODS
Patiant Salectlon

Apneic spells in premature infanta
treated in our neonatal intensive care unit
(Rxt-Royal Hospital, Paris) were detected
during routine cwdiorespiratory monitor-
ing. In those infants with apn~ 24-hour
cardioretfpiratery recordings (Hewlett
Packard model 78%0 A) enabkd ua to
identify severe apneic attacks, ddned as
cessation of breathing for more than 10a,
with heart rate below 80 beats per minute
formore tban30s orheIow60beat.s per

minute for more than 15 a.’

InEmte with three or more severe apneie
attacks within this first recording period,
which was CSIIed“day 0,9 were considered
for entry to the trial. Infantswith~known
causeofapnea utd/or abnormal conditions
other than apnea, however, were carefully
excluded hefo~ randotilon. Tbua, the
following abnormalities were ruled out
rap”ntory distress and/or bypoxen@
patent ductus arterioaua; anemia; meta-
bolic abnormalities (lid glucose con-
centration, <40 mg/dL; plasma cakiuxn
level, <8 mg/dL; plasma bilirubin level,
>1O mg/dL); infection; neurological and
electroencephalographic abnormalitia;
and intracmial hemorrhage (using uka-
sourtds). hfanta requiring oxygen were not
included in this study.

During the 24-month period of the study,
16 pretertn tits met these criteria and
were admitted ta the study after parental
consent had been obtained.

Procedure

Infanw entering the trial were randomly
assigned to the theophylline-treated
(group 1) or the caffeine-treati (group 2)
group. The corresponding treatment me
sti immediately aftir rando-ton.

In group 1, a loading dose of 5.5 mglkg of
aminophylline (tlwophylline ethylenedi-

i

amine) wa,s injected intravenously.
meaauremente C#plasma concentratkme
theophylline during the next eight ho
enabled ewhation in each came C4
proper maintenance does, which was @
every eight hours either intravenously
Ody. hiaintenance d- (range, 0.8 t02.
I@% every eW hours) were adj
thereafter according to plasma Ieveta
theophytline, Which we aimed to main “

between 5 to 10 mg/L.
In group 2, a Ieading dose of caffe”

sodium citrate (24)mgllcg) waa injected
tramuacularly (0.8 mlJkg, outer part of
thighk The ddy maintenance dose ~
5 mg/kg, which ma given orally, was aime4
to maintain the caffeine plasma level @
tween 8 and 16 ntg/L. Plasma levetn ~
caffeine were measured24 hours after tlq
loading dose and four daya later.

4

PtaanMtheophylline and caffeine conce
trationawere detmnined by high-perfo
ante liquid chromatography on 100 &
plaanw’ ?:

Fbr theophyllixte levels of 5 and L5mg~
the “interday” coeffmienta of variation were
4.2% (n= 30) and 3.26% (n= 26), respec-
tively. ,-.

Fbr caffeine Ievela of 5 and 15 mg/L, the
corresponding values were 4.7% (n= 30:
and 4.1% (n= 25), respectively.

Wecomparedthe efficacy of both dru~
using Cardiompirographic recordings
which were performed during the 24 how
following the loading dose (“day 1“) anc
again four days later (“day 5“).

In each 24hour recording period (days 0,
1, and 5), we calculated the “apnea fre
quencfl defied as the average number ot
severe apneic attxks per 100 minutes. ‘lb
apnea frequencies an days O, 1, and 5 wem
compared for both groups using different
methocku (1) three-way analysis of Variancf
for apnea frequencies and day, taking inti
account the subject factor nested in day
and (2) the t test with the resiu u mrianc~
for difference in apnea frequencies be
tween days Oand 1 and between days Oanc
5. Results were expressed as mean t SEM

We looked for poeaible adverse effects o:

Idiopathic Aprtea-Brouard et a
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the t.matmenb by repeated clinical ex-
amination and by following weight curves.

RESULTS
Group Comparisons

Sixteen intbta were admittedto the
study. Eight were treated with the-
ophylline (group 1) and eight were
treated with caffeine (group 2} There
was no signik.nt difference be-
tween the two groups for geatational
age (group 1, 30.550.4 weeka; group
2, 30.5* 0.7 weeks} bti weight
(F ‘“’IP~ L250&0.074 kf$ gl’ollp 2,
‘“~-k 0.101kg), postnatal age at trial1
(b .p 1, 11.7kl.9 days; group 2,
lL6 k 2.8 days~ or apnea iYequency on
day O (group 1, 1.02*0.4; group 2,
lo~z0,7)~ble~
As comparedh dayO,the24-hour

recordingsondays1 and5 showed
significant decreases of the apnea fre-
quency in both theophylline-treated
(group 1) and tiein~treated infants
(group2)(P<.ool) (Figure).

There were nonsignificantdifferences
in the fiwquency of apnea between the
two groups, on days O,1, and 5.

In group 1, the mean plasma level of
theophylline was 4.99? 0.36 mgtL on
day 1 (four hours following the loading
dosei Using different maintenance
doses (range, 0.8 to 2.5 mg/kg every
eight hours), the mean plasma level on
day 6 was 6.50* 0.29 mg/L. We looked
for transformation of theophylline into
caffeine in five infanta of this group,’
and found caffeine plasma levels from
0.97 to 4.10 mg/L with theophylline
levels from 3.06 tQ2L2 mg/L (20 blood
samples).
_.-—pup 2, the mean plasma levels of

ne were 12.85*1.32 mg/L on day
1 @ hours after the loading dose).
Us@g the standad maintenance dose
>

F’T?”’w’w’m

1.5-

&
E

- l;..
+

o 1 5

‘Days

Ewlwlbnof apneakWW’ICV(numberof sews apneaa per 100minutes) in Uwophyllina-
tmated(at left)andcaffaine-tmated(a! right)infants. Apnea frequancy &cmaaeafmmdaysOto
1 (P<.001) and from days Oto 5 (Pc.001) in both groups.

of caffeine (5 mg/kgJ the mean plasma
level on day 5 was 12.74*0.29 mg/L.

Adverse Effects

No adverse effects were observed
before day 5 in either group. After
completion of the study, tachycardia
@cart rate between 165and 210beate
per minute) was observed during 24
hours in one theophylline-tresdedin-
hnt on day 6. The maintenancedose
that had been given to this infant was
0.9 mg/kg every eight hours. The cor-
responding theophylline plasma level
was 2L6 mg/L.

No adverse effect was observed in
caffeine-treated infanta.

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-
fants.

Our previously cmtrolled study had
shown that caffeine decreases signifi-
cantly the incidence of idiopathic
apnea in premature infants. This effi-
caey had been demonstrated for both
severe apneic attacks (as defied in the
present study) and for milder forms of
apnea. In contrast with the treated
group, the apnea frequency did not

ehangefromdWsOtolandfrom daysO
to 6 in the cbntrol group Moreover, in
six &nine infanta in this contd group
a treatment had to be started because
of recurrence of severe apneic attaekx
the first two infants had to be intu-
bated, and caffeine was used in the
four others (effeets of this treatment in
such “control” babies were not in-
cluded in the study).’

We had established, thus, that the
spontaneous course of severe apneic
attacks usually was not fbvorable, and
that caffeine was able to change it.
When we designed the present study,
therefore, we found it unethical to
include a control group This present
study confirms the efficacy of troth
theophylline and caffeine in the treat-
ment of the most severe forms of ap-
neic attacks. We did not assess the
efficacy of either treatment on milder
forms ofapnea, the frequency of which
is likely to deerease 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 xanthines.
~US, similar decrasea of apnea fre-
quencies wem observed in both groups
fromdays Ot.oland fromdays Oto6,
and no significant difference could be

.-“.
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apneaindexes0n~0,K~5~
companxl.

Both theophylline and caffeine
provedto besafe,as demonstratedby
the absence of any complication or
severe adverse effect. We observed no
signs of exeaaive cent.ml nervous sys-
tem stimulation, such as jitteriness or
seizures, no abdominal distention or
related problem, and no influence of
the treatment on the weight curve.

It was leas easy, however, to usc
theophylline than caffeine. The half-
Ii.feof theophylline was shorter (mean,
19.5k 3 hours; range, 16to 25 hours in
our infanti) than that of caffeine
(66.1*10.7 hoursJ’ Wechose therefore
to give theophylline three times aday,
as opposed to once a day for caffeine.
Using the same doses, plasma levels nf
theophylline were variable. This ia a

L Am&~, ‘hrme?n W. Metbykthb?ll m
apnes ef prenutority.Clin Aminatd ~S7-
los.

S. Sii FEFt, Rigatto H, Siina W: Phar-
olacokioetia d theopbynine in nenndee. sum
%-inatol 19SlfMS7-Mb.

k Munt I, Morietta G, Blin MC, et d ‘he

kiC levels are close. Using-theophyl-
line, phamalevelsofboththeophylline
and caffeine, therefore, have b be
repeatedly measured to allow for dos-
age adjustment.

Despite these adjustments, how-
ever, the plasma theophylline level was
too high (21.3 mg/L) in one infant who
had tachycardia.

Since we completed our first study,’
we have been using calTeine routinely
to treat apnea. In this experience, as
well as in the present study, the in-
tramuscular route has been used ta
inject the loading dose. It did not
induce any local reaction, despite the
acidity of caffeine, perhaps because
the volume injected is very small. We
never observed any severe adverse ef-
fect of caffeine, the toxicity of which
appears very low. The ease of obtain-

ReferenC88

ef6acYofaffae mtbet.mamMtdre4un=M
idiopathic apnes m prenuture infbta. J Rdiatr
lsel,#M$t-9s9.

4. Midha ~ Sved S, Hossier RD, et ak High-
performane liquid cbmmwgmphk and mass
spectmmetric identi6catioa & dimethylxantbii
metabolitea efca&eine in hunuo plasnu. Biomed

thedifficulties &-&g theophyl@
Becausedosageadjustmentisnwe~
requiredandtheriskappearsminirna
wethinkthat,foUowing the tit f+
days of treatment, the plasma caffeti
level does not have to be meaawwj
more often than one h two times a
week.

[n conclusion, we suggest that caf.
feine, which is no less efficient thao
theophylline and is easier to use,
might be the drug of choice for initiaj
treatment of apnea in premature in~
tits. !

This study wae supported by the Unit4 d%h
se.ignement et de R.ecberche Ren4 DesarkK

We gntdully aelmowledge the aasistaoce II
C%IJdeGaudebout (INSERMU. 13)for SW&
tial analysis. WethankFnn~&e~orel-~
tithe~tarieafortheirbeb {

Xou Sptwtrom 1~4:172

5. BorY C, B- p, ~rtbdt M, et ak
Metabolism d theophylline ta ca?feine in pIW
matare newborn infante. J Pediutr 19’79;94.+s5.
m.

Book Review

Tbpia in Neonatal Neurulog-y, edited by H-y B.-t, 2SSp%with
ilfon,NewYorkGrune&Stntton Inc, W.

This text was conceived as a selection of topics in neonatal
neurology in which there have been recent rapid advances in
knowledge. Several topics are discussed by more than one
contributor. The book appears to be targeted mainly toward
neurologists involved in the care of newborns, although
neonatologists 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 (E EG) in the neonatal
period, and neonatal seizures. In the latter, the important
role of the EEG intheidentificationofsubtleseizuresis
stressed,anditisemphasizedthatslmeotypedmovements
andgeneralizedparasympatheticdischargesarecommon
releasephenomenaandrarelyrepresenttrueseizures,as
reflectedbyEEGictiactivity.
Perinat.slcerebralhypoxia-ischemiaisdiscussedastwo

tipics.Thesectiononpathogenesisandneuropathology
focusesontraditionalpathologicconceptiandonmore
recent ideas ofabnormal cerebral blood flow and perfusion.
Current concepts of the causes of periventricular and

700 AJDC-VOI 139, July 19SS

intraventricular hemorrhage-in particular, alterations in
cerebral blood flow and capillary injury-are outhned in
another section.

Neonatal bilirubin encephalopathy and hy-peranunon~
tic encephalopathies are discussed as separate topics, and
there is a section on the necrologic complications of men-
ingitis.

The pathophysiology of idiopathic apnea of prematurity 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 hook to anyone concerned with the
neurological care of the newborn as a sound update or
recent advances in this rapidly changing area.

SUZANNEL. DAVIS,MB, CHB
Departments of Pediatrics anc

Neurology
University of California, Davk
Sacramento, CA 95817

Idiopathic Apnea-Brouard et a!



Canister nebulizers Notes

.<Kelling JS, Strohl KP, Smith RL et al. Physician knowledge
~-~? the uw Ofcanister nebulizers. Clwst. 1983; 83:612-4..—

““attersfield AE. Bronchodilator drugs, Phmrmcol Ther. 1982;
@9-313.

11. Glaxo Incorporated. Ventolin inhaler package insert. Fort
Lauderdale, Fl;1982Jan.

12,DuncanRC,KnappRG,MillerMC. Introductorybiostatisti~
forthe health sciences. New York: John Wiley & Sons;
1977.

Stability of titrated caffeine

solutions for injectable and enteral
use

MARION G. EISENBERG AND NANCY JQNG

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. 1 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 Montreal
Children’s Hospital in Montreal, Quebec, Canada,

~a ~vides 10 mg active caffeine base per milliliter of
“ltion. The procedure uses bactenostatic water to

ulssolve the titrated caffeine powder, Because of
recent information regarding toxicity in preterm
infants of benzyl alcohol, the preservative in bac-
teriostatic water,z we used Sterile Water for Injec-
tion, USP, in our formulation.

Preparation for lrrjectable Use. Citrated caffeine
powder (purified, Mallinckrodt, Incorporated, St.
Louis, MO) 10 g was dissolved in Sterile Water for
Injection, USP, 250 ml. 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-Pm filter set into another
5o0-ml EEC. The solution was then transferred into
Sterile 10-ml empty vials.

The vialscontaining the injectable titrated caf-
feine solution were autoclave at 121 ‘C for 15
minutes and allowed to cool, Each vial was labeled

MARION G EISENBERC M Clinical Pharmaq Coordinator for
Intewive Cam and NA.NCY KANG is ,%ssistant Director for ~ali~

&urance, Department of Pharmacy Services, Children’s Hos-
Pitd National Medical Center, Washington, DC.

Adctr~ reprint requests to Ms Eisenberg at the Department

Of Pharrna~ ~rvices, Children’s Hospital National Medical

~nter, 111 Michigan Avenue, NW., Washington, DC 20010.

–- ~nted at the 18th Annual ASHP Midyear Clinlcal Meetin&---
~ta, Georgia, December 6, 1983.

copyright @ 1984, American Society of Hospital Pharmacists,
hc. A]] rights reserved. 0002-9289/84/ 1101-2405$00.50.
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and sealed with an IVA seal (U.S. Clinical Products,
Richardson, TX 75083). One vial was sent as a sample
to the bacteriology laboratory for sterility testing.
Another vial from each batch was used for stability
testing at time zero and at monthly intervals for four
months.

Preparation for Errteral f.lse. 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 cherry syrup in a 2:1 ratio)
was added to increase the volume to 500 mJ. 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 theophyliine 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 30 sec-
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 transfemed to a clean test tube
and evaporated to dryness. The residue was dis-
solved in methanol 75 ~1, 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 >90% 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 Concentrations” (mglml) in Injectable and
Enteral Solutions

Sampling
Day solution 1 solution 2 Solution 3

Injectable
o

30
60
90

120
Enteral

o

;:
60
90
120

;0.2
9.9

10.2
9.2

9.5
10.1
10,4

9.7

10,0

9.9
9.7

11.0
9.1
9.6

8.6
9.0

10,0
9.6
8.7

.
.,.

10.8
10.0
10.0
11.2
11,4

i Concentrations reflect average value of each sample rum, initial con-
centration was 10 n@ml.

Tests for microbial growth were negative. Stefi~
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
AmJ Hosp Pharm, 1984,412406-9

One of the numerous inducements for entering the
health profession is the idea that the universal nee”d 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. [n the winter of 1979-80 while I was em-
ployed as a staff pharmacist at University of California-
San Diego Medical Center, 1 heard about a pharmacy
teaching position in Micronesia.

A Federal Health Manpower Development Grant had
been funded that called for a multidisciplina~ training
program to be centered on Ponape in t}. Eastern 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

CORDON G. MCGUIRE, PHARM. D., is a staff pharmacist, Uni-
versity of California-San Diego Medical Center, San Diego, CA
92103.

2406 American Journal of Hospital Pharmacy Vol 41 NJOV

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 conveniencti
we took for granted living in California. Now, eve~ time
I turn on a light switch or a faucet, 1 marvel at how de-
pendable thew 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:

RID~

B. Chemical Name:

2,3 Dimethyl-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 WIWl 800, which is typical of Anhydrides and it
conforms with 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 glktening 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 Dermatol, 1977; 113(8):1134.

HarwelI, W. B., Buchanan, Jr., R. N., and Hamiltoq J. R. Foot Care. J Tennessee Mea!
Assoc., 1978;71 :830.

Rosenberg, E. W., Amonette, R. A., and Gardner, J. H. Foot Care. Arch. Dematol.,
1977; 113:1134.
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H. Information about dosage forms used:

Liquid
Apply d~ectly to the lesion and cover the growth completely.

I. Information about strength:

0.770

J. Information about route of administration:

Topically

K Stability data:

Melts at about 216-218°. Sublimes at about 110°with some fumes.
Stable

L. Formulations:
___

M. Miscellaneous Information:

Page -2-
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.- CERTH?ICA’I’13 O? ANALYSIS

CANTHARIIXN

2,3 DIMET’HYL-7-OXABICYCLO [2.2. 1.1 HEPTANE-2,3 DICARBOXYLIC ANHYDRIDE
— -1

Appearance 2

BATCH No. :2C/97

Colorless glistening orthorhombic pl&es. ~

Identification
Thin-Layer Silica Gel Plate Merck 60F254
Chromatography Eluent: CH12C12MeOH: H20=86.5: 10:0.75

Infrared spectrum:

GLC

lMeltingpoint:

Residue on ignition negligible

Detection:Iodine-saturatedchambertheqmtsaretiedwithstarchsolution
Result: 1 single spot with Rf Ca. 0.76. The produet is

chrornatographieally pure.

Medium:KBr Tablet
Concentration: 1/300

Apparatus:Perkin-EImer

(

Result: The Ill Spectrum

P

exhibits the at WIN>1800, which is typicai of Anhydrides and it
conforms with the data reported in literature [Stork G:van
TameleL E.et al, JAm Chem See. 75,388 (1953)]

)
Solution O.1% in Ethyl Acetate, 4 mierolitre are injected.
cohumx Chromosorb WMP 100/120 mesbOV
173% (MethyI-Phenyi Silicone 50:50), leng& 2nL

= 250C
Detector: 250C /-

/Temperature: 1200C-1800C, 100C/rninute
Resulti 1 single ~ no side peaks. The product is GLC-pure.

found 216°C, required by BPC:
(sealed tube. uncorrected) 216-218°C

required by BPC less
than 0.1 per cent.

,Z

P/v
—=% /

,
THE ABOVE TEST RESULTS HAVZ BEEN OBTAINED BY OUR I.IANUFA.CTURER’SUPPLLER’ORINOUR QUALITY CONTROL IA.BORATORY.
THE DATA ISPROVtDED AT THE REQUEST OF AND FOR THE CONVENIENCE OF THE CUSTOMER AND DOES NOT RELIEVE THE CUSTOMER
OF ITSRESPONSIBILITYTO VERIFY IT.THISAiiALYSISISNOT TO BE CONSTRLED .AS A WARMNTY. EXPRESSED OR IMPLIED
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./



QUALITY CONTROL REPORT

CHEMICAL NAME. :CANTHARIDIN

MANUFACTURE LOT NO. :2C/97

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /MERCK /NF /MART. _/Co . SPECS.—— —— —“

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 GRAVITY. :

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

PASSES. :

COMMENTS.:

FAILS .:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RJ5TEST. : DATE .: INITIAL. :

..-=



~&=%. ------------------ IDENTIFICATION -------------------
PRODUCT #: C7632 NAME: CANTHARIDIN
CAS #: 56-25-7
MF: CIOH1204

SYNONYMS
CAN * CANTHARIDES CAMPHOR * CANTHARIDIN * CANTHARIDINE *

CANTHARONE *
EXO- 1,2-CIS-DIMETHYL-3,6 -EPOXYHEXAHYDROPHTHALIC ANHYDRIDE * 2,3-

DIMETHYL-7-0XABICYCLO(2,2, 1)HEPTANE-2,3-DICARBOXYLIC ANHYDRIDE *
4,7-

EPOXYISOBENZOFURAN-1 ,3-DIONE, HEXAHYDRO-3A,7A-DIMETHYL-,
(3A-ALPHA,4-

BET&7-BETA,7A-ALPHA) * HExAHYDRo-3~7A-DIMEmyL-4,7-
EPOXYISOBENZOF W- 1,3-DIONE * KANTHARIDIN (GERMAN) *

------------------ TOXICITY HAZARDS -------------------
RTECS NO: RN8575000

7-OXABICYCLO(2,2 1)HEPTANE-2,3-DICARBOXYIJC ANHYDRIDE, 2,3-DIMETHYL-

TOXICITY DATA

ORL-HMN LDLO 428 UG/KG 34ZIAG -,646,69
IPR-MUS LD50 1 MG/KG JAFCAU 35,823,87

-_ REVIEWS, STANDARDS, AND REGULATIONS
IARC CANCER REVIEW AMMAL 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)
TUMORIGEMC (NEOPLASTIC BY RTECS CRITERIA)
TUMORIGEMC (EQUIVOCAL TUMORIGENIC AGENT BY RTECS CRITERTA)

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

.-7 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



--- 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,
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 ENVIRO NMENTAL REGULATIONS
PERMIT.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
--- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

NIOSFUMSHA-APPROVED RESPIRATOR,
USE ONLY IN A CHEMICAL FUME HOOD.
COMPAT~LE CHEMICAL-RESISTANT GLOVES,
CHEMICAL SAFETY GOGGLES,
FACESHIELD (8-INCH ~,
VERY TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED,

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 EYIYFACE
PROTECTION.
DO NOT BREATHE DUST
POSSIBLE CARCINOGEN,
VESICANT



_—_
AND UPPER RESPIRATORY TRACT, EYES AND SKIN
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 PNEUMONTTIS,
PULMONARY EDEMA, EFFECTS MAY BE DELAYED,
SEVERE GASTROENTERITIS, 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: 216TO218’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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Seatrac*Cont.

decongestant etkt of pseudoephedrine on th,
swollen mucoaa of the mapiratory tract, Guai
fenesin, an ether, is capable of being partialI:
eliminated by way of the expired air, and i:
therefore able to exert a Ircal expectorant ac
tion in the mapirato~ paseagea Guaifeneair
makes expectoration freer and easier, hecauw
the respiratory tract secretions are made mort
fluid and thereby more easily expelled.
Indication. Veraacape are indicated for th$

sYmPWmatic relief of cough inconditionssuck
= the common cold, acute bronchitis, a]lergjc
asthma, bronchol itis, emphysema, and tm
cheebrechitia Versacapa are also indicated fol
relief of nasal congestion, chronic rhinitis, al.
lergic rhinitia, and pest nasal drip of chronic
sinusitis,
Cantraindicatio- Severe hypertension or
severe cardiac disease, sensitivity to antihiata-
minee or sympethomimetic agenta.
Warnings: Uaawithcaution in patients suf-
fering from hypertension, cardiac disease or
hyparthyroidiam.
Preeautiou Although peudoephedrine
hydrochloride causes virtually no presser ef-
fect in normotertsive patknta.itshould& UA
with caution in patients with hypertension.
Adverse Reactions: The great majority of
patienta will have no side effecw. Only certain
patiertti, sensitive to one or another of the in-
gredients, may note mild stimulation or mild
sedation. Aa with other preparations contain-
ing antihistamines, drowsiness may eccur in
some patien~, if sO, it ia usually transitory,
disappearing within a few dsys of continued
therapy or upon reduction of dosage. Other
side effects produced by antihistamine dregs
include dirzineaa and dryness of the mouth.
Gaetroittteetimd irritation haa been reported.
Usuai Adult 9oaag@ Two capsules every 12
hourw one capsule in miId cease,
Children 6-12 1 capsule every 12 hours.
How Supplied: Inbottlesof 100 and 113M).
Dispense in a tight, light resistant container se
defined in the National FormuIary.
Caution. Federsl law prohibits diaoensine.-
without a prescription.
CONTAINS NO FDlkC YELLOW DYE MO.5
(DYE FREE)

SERES Laboratories, Inc.
3331 INDUSTRIAL DRIVE
Box 470
SANTA ROSA, CA 95402

CANTHARONE@ u
(cantharidin collodion)
For Extemeil Uae Only

Description CANTHARONE@, canthari-
din coiledion, is a to ical Ii uirf containing

+1-’-+-0,7% cantharidin m a 1 m- ormmg vehicle
containime, ethocel and flexible collc-
dion. Ether 35%, alcohol 11%. The active in-
gredient, cantharidin, ia a veaicant. The chemi-
cal name is Hexabydrc-3aa, 7aadimethyl-@,
7/3-epoxyieObenzofuran-1, 3dione, Cl@J20q
Clinical Pharmacolo~. The veaicant ac.
tion of cantharidin is the result of its primary
acantholytic action. Ita effectiveness againat
warts ia presumed tn result from the “exfolia-
tion” of the tumor aa a consequence of ita rman-
tholytic action. The lytic action of cantharidin
doas not go beyond the epidermal cells, the
basal layer remains intact and there ia mini-
mal effect on the corium; aa a result there is no
scarring from topical application.

Indfeatiom and Usage: Cantharene@ is
indicated for removal of warta and molluacum
contagiesum. It is designed for topical applica-
tion by a physician. PainIeae application and

Product Information

the absence of instruments makes it eapeciall
useful for treating children. See Dosage an!
Administration section for specific direction
for use.
Contraindfeatio~ Cantharone@ ia no
mcommend&f for treatment of mosaic warts
Warnings: Cantharidin is a strong veaican
and Cantharone@ may product blistera if i
comes in contact with normal skin or mucou
membrane. If spilled on skin, wipe off at once
usingacetone,alcohol or tape remover. Thel
wash vigorously with warm soapy water am
rinse well. If spilled on mucous membrane o
in eyes, flush with water, remove precipitate
collodion, and flush with water for an addi
tional 15 minutes. Residual pigment changrx
may occur. Patienta vary in their sensitivity ti
cantharidin and in rare cases tingling, burnin[
or extreme tenderness may develop. In thes
cases the patient should remove tape and ad
the area in cool water for 10 to 15 minutes, re
peating aa required for relief. If soreness per
sis@, puncture blister using sterile technique
rnPPIY.ant@ePtic and cover with a Band-Aid. 1!
w advumble to treat only one or two lesions or
the first visit, until the sensitivity of the pa
tient ia known. For external use only.
Precautions: There have been no adequatt
md well-controlled studies on the use of can
haridin in pregnant women or nudng moth.
u-a, therefore the w of Cantharone@ during
megnancy or in nursing mothers is not recoin.
nended.
~antharone@ ia flammable, keep away fmm
]eat, sparks and flame.
tdveraa Reactions: The development of
mnular warts following Cantharone@ ther-
IPY hae been reported in a small percentage of
mtienta. These lesions are supectlcial and,
,Ithough they may alarm some patienta, pre-
ent little problem. Treatment consiata of pa-
ient reassurance and re-treatment using ei-
her Cantharone@ or other procedures. There
ma been one report of chemical lymphangitia
allowing usa of Cantharone@ in combination
fith salicylic acid pleater.
)Oaase ad Administration Onfina~ and
wn”urrgud umrts-No cutting or prior treat-
Ient is required. (occasionally nails must be
rimmed to expose subunguaf warta to medica-

tion.) Apply Canthamne@ directly b the b+
iion; cover the growth completely rising an
iPplicator stick. AI1ow a few seconds for a thin
nembrane to form and cover with a piece of
Ion-porous plastic adhesive tape e.g. Blen-
iernr. Instruct patient to remove tape in 24
Ioura and replace with a loose Band-Aid. On
~ext visit remove necrotic tissue and m-apply
;antharone@ to any growth remaining. Defer
econd treatment if inflammation is intense. A
tingle application may suffice for normally
teratinized skin.
!%nkxr roarts-Pare away keratin covering

he wati avoid cutting viable tissue. Using a
j-tip or applicator stick, apply Cantharone,@
o both the wart and a l-3mm ma~in areund
he wart, AI1ow a few minutes to dry. Secure
With non-porous plastic adhesive tape. Leave
n place for a week, then debride. If any viable
wart tissue remains afler debridement, map
~lya small amount of Cantharone@ and ban-
!age as above. Three or more such treatments
nay be required for large lesions. When de-
struction of wart is complete, the healed site
Jill appear smersth, with normal skin lines,
%lpsbml toarts-Ueing a toothpick or tine
,robe, apply a small amount of Cacrcharone@
o the surface of the wart. Avoid touching sur-
rounding normrd skin or applying inside the
ye lashes. Leave lesion uncovered, Repeat in a
mek or ten days if any growth remains.
Ifol[u.scurrc contoginrum -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 pisce of occlusive

:P& The r-ape should be removed in 6 to g

.,”.

HOW Susscsiie& ?.5 m~ ~

For External Uee Only , ,a

Description: CANTHARO$
topical liquid containing ~
5% Podophyllin, 1% can~
~orming vehicle cont,aiNW ,~~:
polyethylene glycol, cdlosolw
iion, castor oil and acatonei~
Wicylic acid is a dera~lfi
tame is 2-Hydroxybenmlc, a
i cauatic. It ia an extract 0~~
war-sof Podophyllurn pel~~l

WOWSuovlied ‘7.5j-n~”~

]irrtctinquiriestoKath~;
,.,::+4

280 POND STREET...~ :
RANDOLPH, MA 023q~

“Wxr 1
n m i

iamno Laboratories, Inc.xvn
rower inquiries about thq fol.,,>4

Tloj
\SELLACRIN@ rml$
mmetropin} ““:”fh?

‘OR lNTRAMllSCULAR’ tff.j;-,, >

lone extracted from ttte ~

‘he potency of Aee)lacrin (so
wrnined by bioassay in, h~

:on&ins 2 IU of wmatropig ‘W
)itol as well aa other pitti.m

.utropin (LH) kae u.. . . .

‘hyrotropirt (TSH) Is& tb:
less W%olactin (PRL) _. .

Xinieal Pha~cology t.-{”~
L Skeletal Growth ,J)pfi
Lsailacrin WOmatropin) stl~!
rowth in patienta with pituitaX-.

3trati0n re&dti” from ita effe@<
ue growth areas of the long bone
hat somatropin’s effect is medi@
ion factor, or aomatomedin wW!.
Tcorporation of sulfate into ctu%
>medin is low in serum of the ~
eticient patienta whose grewth W
iency is the rsault of hypopit@

emonatrated after aomatroplm<u.$
. Cellular Growth .!Jfl

I addition to its effect on tie skgl~
tpin brings abeut an increase in ff
nd viweral mass, In muacie;@
reeee in mass is observed by 8.PJ
Icrease in number and dime~i?l
ber cells. , .)$q



Camphor/Capsicum 1683

~~1-w)
~ Cannab.; Cannabis Indica Chanvre;

~ Hemp.

>[4.7.
. . ~ ~so been known as: Ait mkhlif, Aliacn-

~tm. Assyuni, Btmb~Iacfra. Bambia, Bw-
~B~gW. Bhimg, Bhmgaku, Canapa,

-a. Cmrmcoro. Cm-Yac, Caroguda, Chur
~ ~“t.sao, Da-boa. Duha. Dagga. Darakte-
* D~jo. Djamba, Dj:ma. Dokkr. Donajuanita,

-riJo. Elv&Ewa mdlgna. E~adnnocce, Esmr,
. F_uIote.Fo~a., Fumo bmbo, Fumo de cabo-

,@ga G~;a, @oJIla. GnammCongo, Gmdr,
~], Grmfe. Gflfa. Guabz~ ,GuiIza. Gunjab.
~ H~Mzi. Hen-Nab. Hurs,m. Hashish, Igbo. In-
+id, Indisk hamp~ Intmrdracoppu, hrtzangu.

JatiphdadYl c~um+ Jea. hum. Karmb, Kar-
&I.Cbha. Kbac3Je,,fif. Kif Ktami, Kinnab, Li-
Msco.b&M~Comfi.M~diMagiyam. Makblif.
amgo. .MamJuana. ,Mwgongo. Masihmma.
-++nta. .Mammba. Matekwane. Mbacrje,
fi. Mnoana, Momea, Mota, ,W+ztinha, ,Mun-

,. .amba, NtsaoguJ Nwo.~~s. pe:ti penek.
w ~rioha. Rafe, Rah. Rafq, R1~ba, Rongo-

~ Marm S~bsl, .Sadda. Siddhl, So?adora, SOIM.
~tams mnnabm Summa. Tafrgahm. Takromi,
m TenakI, TrOnadO,m. fJmya. !mmOgi: Wee.
m YOruba. Zaca[e chmO. firou~l. ~d Zlele
tih.
J approximate synonyms for cannabis resin in-

Cbamz. Charcis, Chira. Chu~s, Chus. Ga-
~wiche. GtiO~:h. GaLIJa. Hachl:he, Hasciac.
U. H~j~s, HazJ[sj, Haazysz, Hmxe. Heloua,

k. Manztd, Momeka. N’ mma. and Sighicma.

P

In Chin.

&er@ or fcuiting tops of the distillate plant of

_tia (Carmbinaceae ). In the UKcammbis is de-
ks mY pnn of WJY plant Of Che genus c~n~bis.

aually cefem to a CCUXMSSof the leaves and tfow-
kucg, dogga, ganja. kif, mrd nuscmcho are com-

d in various countries to describe similar
- ffazhish and charus are names often applied to

wgh in some countries ho.rhish is applied to any

r

tion.

. esonabinoida has been extracted from the drug, the
being Ay-cetsafrydrocarrrmbinol {dmnabinol),

.- zcannabinol, Ay-tetrahydrocannabinolic acid,

~mlqeamou”tsb”thave li[tleactivi~.~e

m cacrnabidinl. Carrnabinol and cammbidiol

L
As-tetrahydromnnabinol may average 1,3, mrd 5%

us. ganj.z and hashish respectively.

~=~rred chat the prolonged heavy .ae of coonabis
b tolecance md psychic dependence but that phys-

ax bad not been demonstrated. There have been

E
‘,.- of nnn-specific symptoms such as anorex-

~mrri& imitability, restlessness, swemmg, head-
mild gasmn-intestinal upsets occurring when

I withdrawn.

Effeets
#trmiring may be the first effects of cmcmbis tak-

most frequent physical effects of cannabis
n am aJJimmase in hem m[e with alterations in

SICX,injected conjunctival vesac[s, and deteriora-
kXct@ination. The psychological effects include

won of time md space, irncability, and disNr-

~BwJIory and judgement, Anxiety or panic reactions
X @cuiarly i“ imxperienceci WCcs. Psychotic ep

~.a ~nnid or schizopbretic nature, and usuafly
!OOnmed in subjecrs ding cannabis, especially in
Iw after the use of varieties bred for a high yield Of

@ (so-called skunk}.

~ Of the advecze effects of cannabis.

G Cannabis: mKIMIogBcai propemm and epidcmm-
= .Wed3 Ausc 1986; 145:82-7.
,- psychopharmacological effects of cannabis. Br J

~ l%: .13. I 14-22.
1Academyof Pediatrics. .Uari juana: a Contmumg COD-

- #Mnci.3ns. Pediatrtc~ I 99 l; 88: I 070-2.
~~~nab,s and cocaIne. Phorm J 1993; 251: 483–5.

~ the eyes. ~ ~po~ of prsistent visual abnO~~-

‘“ ~enk following discontinutiion of heavy ~buse Of

‘+oO@mc CmIW for the effecrs, which were accom -
:e ~ Persistent menml changes, could be found.

.Stiran AB M5,SItnK VISUaI changes followng h~sh-

~PtlOn f?, J O~hrholmol 1993:77:601-2.

~ Md the neonate. Cx-mabis has effects on
u ~ alter reproductive hnrmonal systems. hIfXUS

mm exposed M cmrnabis during prqymncy fend
‘~ef bitch.wclghtl.: and may suffer from increased

- m @ postnatal fxriod.3

~ B .: al. Effec!S Of nmemz] marijuana md commc
‘* UOWth.N E.rl J .M,d 1989; 320 762–8.

2. Frank DA. et al. Neonatal body pmpomonahty and body cnm-
posltion after in UIC.S expnaurc 10 cnmime and marijuana. J
Pediurr 199(k 117: 622A.

3. Silverman S. hmcraction of drug-abusing mo[ber. fetus. lypcs
of drugs exammed in nmncrous <Iudles. JAMA 1989: 261:
1689, 1693.

Psychosis. References to psychosis aaswitrtcd with cttma-

bis.

1. Rottanburg D, c1 al. Cannabis-awocmlcd psychoses wt!b hy-
pmamc iemwes. Lncrr 1982: ik I 364-4.

2. AndrAsson S. ?1al. Cannabis and schlzophccma. a longimdi -
nal wxiy uf Swedish cnn.scnp[s.Lnnce! 1987; ii: 1483-6.

3. Wylie AS. cl al, Psycho>isd.e to “skunk”. BrMed J 1995; 311:
I 25.

Treatment of Adverse Effects
.Mild panic retctions do nor uscraJly require specific tfrecapy;

reassurance is generally sufficient. Diazepam may be neces-
sary for severe rwxxions.

Flumazenil WZLSeffective in revecaing coma in 2 children who
had ingested cannabis. 1

1. Rubto F, et al. Ffumazend for coma revemal m chddren .Mcr
ctmnabls. La&l 1993:341: 1028-9.

Precautions
Cammbis haa been reported to ticct driving. Cammbis and
alcohol have additive effectx interaction might bc expected
between cannabis and a wide mnge of drugs.

Interactions. Antimuscarinic ~gents. including tricyclic

antidepressants, may produce additive increases in bean rate’
wherwra convemcly pmpmno[ol tends ro auenrcate caccnabw.

induced mchycwdia. Limited evidence indicates tfmt a com-

bination of disulfimm and cannabis moy prdtce a hypemarr-
ic state.: Form suggestion that comrabis smoking cao increaze
the clearance of theophylline, see p. 1661.

1. Hilksrd JR. Vicweg WVR. Marked sinus lachycardia resulting
from the TyIurgIstlc effects of marijuana and normplylmc. Am
J Ps.vchiutry 19tJ3;140:626-7.

2. Lacourswre RB. Swatek R. Adverse mtenrchon between di-
suliiram and marijuana: a caae report. Am I Psvchiar~ 1983;
140:2434.

Pharwsacofdnetics
The active principles of cannabis are abaorbed fmm the gm-

tm-intestimd meet and the lungs.

About 507. of cheA*-temthydrn-morabinol avaikrble in cao-
nabis is present in the smoke inhaled from a whole canmtbts
cigarette. This produces zn effect almoat immcdiarcly, reach-

es a peak in 20 to 30 minutes, arrd is dissipated in about 3 to
4 houcz. when cannabis is taken by momh ~baocption may be

slow aod irregcdas. Effects are not =n for 30 minutes to I
hour asrd pecsist for about 8 hotccs.

Tetmhydccetmabinol is Iipophilic and bccomea widely dis-
wibuted in the bmfy. h is expensively metabolisccf. primarily
in the liver, m chc active JI-hydroxy derivative; both w ex-
tensively bound to plasma proteins. It is excreted in the urine
wrd facces, sometimes over prolonged periods. Excretion

may bc more r-apid in chronic uams.

Pregnancy snd the neonate. Camrsbinoida cross the pbc-

cenral and am excreted in breaat milk.: For the effects of cmr-
mbis on the neonate. see above.

[. Pacifici GM, NoOoli R. Placental mmsfer of drugs adminis-
tered to the mother. Clin Phammcokiw [995: 28: 23S-69.

2. Amcncm Acadcmv of Pediamcs Commtttct on Drugs. Tbc
rrmsfer of drugs and other cbemmals m!o human mdk. >edmt
ncs 1994; 93 I 37-so.

Uses and Administmtion
Cannabis was fncmerly empioyed aa a sedative or narcotic. Its
main active consotuem A9-tetmhydmcommbinol (drocrabinol,
see p. 12 18) and a synthetic cammbinol (mbilone, ace p. 1230)
zrc used az anciemetics in parients receiving cancer theme
rherapy; they ace also being investigaccd for a number of other
potential therapeutic uses. .Anecdcdaf repona exist of benefit
from cammbk in a variety of diaordera including gkmcoma,
malignant neoplasms, multiple sclerosis, and AIDS.

References to tJre potential medics.i oxcs ofcamrabis.

1. Doyle E. Space AA. Cannabm as a medicine? Br J Anacslh
1995.74: 35%61.

2. Gray C. Cannabis—be tbempcutic potenual. Pharm J 1995;
254: 771-3

3. Grmspwn L. Bakalar JB. .Mar,bumm as a medicme: a plea for
recormderation. JAMA 1995:273:1875-6.

4. Wills S. The usc of cmnabis m multiple sclerosw Ph.rm J
1995; 225237-8.

CdJIOk3 01] (17665-F)

CanOlaoil is a form of rape oil (ace p.1748) from strains se-
lected for low ecucic acid content. 1[ IS used as zn edible oil
md in pharmaceutical manufzcrting and cosmetics.

Cantharides (12517-o

Blisreting Beede: Canthans InsecTes Coleopteres

H&c&mm&es; LYTCZ;M410tdes Russian Ffie$ Spamsh Fly.

The dried beetle Camhcrtis vesicatotia (=LyJra vesicaroria)
(Me[oidae) or other spp.. corrtzinirg not less than 0.6% of
carrtharidin.

Adverse Effects
Following ingestion of cantharidcx there is burning pain in the

throat and stomach, with difficulty in swallowing nwse~,
vomiting, fcaematemcsis. abdominal pain, blody chmrhoes.

and tenesmus cenal pain, frcquem micrucition. haemamria.
uraemia; severe hypoiension and circulatory fadure. Oral
doses of cmrduridin (the active irrgrediem of cancfusicks) nf
less than 65 mg have been lethal. A dose of I mg or cont~ct
with one inzcct can produce dkwcsaing symptoms. Skin con-

mct results in blisterx.

Refescnces.

1. Hundt HKL. <[ al. Pnsl-mmrcm serum concenmruon of czm-
thacidin m a LaIalczsc of canshar#&hpmamng. Hum Erp Tx.
ico( i99& * 3540.

Uses and Administratfon
Preparations of casrthari&s have been employed extemall y as

robefacierms, coonter-irntanta, and vesicaots. They should not
be taken intemafly oc applied ova large surf~ces owing to the )

risk nf absmptiom ‘flrc u= of canthm-ides in cnsmelic prcd-
ucta is prohibited in the UKby law.

Caocharides is used in homcreopnthic medicine.
:,
1

Mylabris (Cldcresc blistering lxede: Chbrexe cmrharidcs; [n-
,,,

dian blistering Lrcxtle), the dried beeffcs of the species MI’/~J-
,,
,,

brus sidcse (= M. phufererm), ,M.cichoni, urd M. pmrukztor.
has been wed aa a substimte for cwwfraridcs and m a source J

of caotfwidin (ace bc[ow) in rfrc fir.

Preparations (1
Names ofprcpatarinm am listed hefnw Jeuils we given in PZSI3.
Proprietary Preparations

Multi-ingredient prepantions. Spuin: Frik!on.
~1

it

~ ~i

I

–,.!..
CAS — 56-25-7.

Cantharidin is obtained from caorfxrrides or mylabris {see
kove under Camfrwides).

Cmchasidin in flexible collodion has berm ~pplicd for the re-
mnvsf of wmta. It haa alxo ken used in veterinary medicine.

Owing tn the high toxicity of canthzridin it is recommended
chat prcpamtions containing it should not bc uacd medicinally.
Adverse effects are chose described for Cantbarides (see
above).

Preparations
Names of prcpacatimrs zrc fisted below, details arc given in Pm-i 3.

Proprietary Preparations
Canccd.:c@lncnr Cmfusrnrw USA:c-t: yecr-cmtfl.

PSultk-fn@ient prcparatfom Canad. CamJracur-PS; Can-
tha.rrw, USA:Camhzmrrxelos~: vc~l-

Capsicum {4617.w)

Capsic.: CapsKi Fructus; Chdfies; Rmem Rouge: Pimentti

Sparw.cher Pfeffer.

CA5 — 404-86-4 (capsmcin).

xorE Ground cayenne pepper of commecce is normally a
blend of varieties. Paprika is from Cops/cum annmcm var.
longum; it is milder than capsicum.

Phommcopoesm In Am, G., Hung., k, ]pn, and Swiss.
US includes capsicum oieoresm.

l%e dried ripe fmits of Capsicum anmmm var. minimum and
small-fruited varieties of C. frurescens (Solanaceae). Some

pharnmcopoeiaa allow different vtiecies. h cnntains not less
than 0.5% of tJrc pungent principle capaaicim Store in a cool
dry place. protect from Iigbt.

Capsicum Oleoresin (USP 23) is cm alcoholic extract of cap-
sicum. It M a dark rcd oily liquid. .SoIubie in alcnhol. in ace-
[one. in ether, in cblomfonn, znd in while od~ soluble wnh
opafeacence in fixed soils. Store in oimght containers.

Capsicum haa a camrinmive zcrion but it is mainly used exter-
nally, often in the form of capsicum olemcsm. zs a cOunter-
imitant. Hnwever. preparations of capsicum and capsicum

oleoresin can bc very irritant. C~psaicin (P.28), the active in-
gredient of czpsicum. is alao used in ropicd prepm-acirrns in
the cc’emmentof painful skin conditions.

Capsicum is Jlso used in homoeop+thic medicine and in
mnkery.

No Acceptable daily intake w= esccblished for paprika oJe-
nresin aa rhe daily intake of cbis spice cxtmcr was considered
10 bc self-limiting. I

1. FAOIWHO Evaiuarion of cermm fad addm.es and conlami.
nams: thirty-tiflh repnrl of Ibe Join{ FAOIWHO expert commtt-
tee on bd .wkitives. WHO Trch Rep Ser 7891990.

L---

1,

I

;

~] t denotes a preparmmn no fonger actively mmketed

~i

; A
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given pmemerally.- W. B. Ewart t-f al. (letter), Can.
med. Ass. J.. 1978. [18, 1I99.

Swiss,

The dried beetle Carrfharis vesicaroria ( = Lyfra
vesicatoria) (Meloidae) or other spp., containing
not less than 0.6% of cantharidin. Store in
airtight containers. Protect from light. Can-
tharides having an ammoniacal odour should not
bc used.

Adverse Effects. Following ingestion of can-
tharides there is burning pain in the throat and
stomach, with difficulty in swallowing; nausea,
vomiting, colic, bloody diarrhoca, 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 cantharidca intoxication in a 20-yrar-oid man.—
A. J. Presto and E. C. Muecke, J. Am. med. Ass.. 1970,
214, 591.

Treatment of Adverse Effects. Empty the stomach
by inducing emesis or by aspiration and Iavage;
activated charcoal and sodium sulphate have
been recommended; give demulcent drinks freely
(but not oils or fats) and morphine for pain; hot
aPPiica,tionst: the abdomen may relieve the pain.
The circulation should be maintained by the
intravenous infusion of plasma or of suitable
electrolyte sohstions.

Uses. Preparations of cantharides have been
employed externally as rubefacients, counter-irri-
tants, and vesicants. They should not be taken
internality or applied over large surfaces owing to
the risk of absorption.
Cantharides is used in homoeopathic medicine.

125 18-q

Cantharidin (B.P.C. /949. B. Ver. C. 1965).
Hexahydro-3aa,7aa-dimethyl-4~,7f?-epoxy-
isobenzofuran- 1,3-dione.
CIOH1204= 196.2.

CAS — 56-25-7.

[Pharmacopoeias. I>Soars. <

Cantharidin is obtained from cmttharides (see
above) or mylabris (see p. 1730). It occurs as
colorless, odourless, glistening crystals which
sublime at about 120”. M.p. 216° to 218°.
Very slightly soluble in wate~ soluble I in about
1100 of alcohol, 1 in 40 of acetone, 1 in 55 of
chloroform, I in 700 of ether, and 1 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
eantharides 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 cantharidin 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 less than
60 mg. ‘
For reprts of fatalities after accidental poisoning with
cantharidin, see Pharnr. J.. 1953. 2, 467: L. C. NickoOs
and D. Teare. Br. med. J.. 1954, 2, 1384; J. D. Craven
and A. Polak, ibid., 1386; M. A. L6cuticr, 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 rcapmdcd
to treatment including a magnesium sulphate enema and
high fluid intake of milk. Hydrocortisone pellets were
effective against mouth ulcers.— R. D. Rosin, Br. med.
J., 1967, 4, 33.
An t8-year-old woman who swallowed ~bout 2 ml of a
preparation containing cantharidin (Cantharone) deve-
loped electrocardiographic changes indicative of myocar-
dial damage, in addition to local efrects in the mourh,
throat, and pharynx, which responded to treatmen! with
hydrocortisone sodium succinate and with ampicillin,

Proprietary Names
Cantharone (Seres, fJSA1.

12519-p

Caoutchouc. Cautchuc:Elastica; Kautschak:
Gummi Elasticum; Resina E!astica; 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-
/ierrsi~(Euphorbiaceae).
A yellowish-white to brown elastic material with
a characteristic odour. Almost completely soluble
in chloroform; partially soluble in petroleum
ether.

Caoutchouc is used pharmaceutically in the
manufacture of adhesive plasters.
Allergic contact sensitivity to thiumm compaunds
(present in rubber) in patients in a haemodialysls
unit.— N. S. Penneysa al.,Archs Derm., 1976, 112,
811.
Contact urticmia to rubber.— A. F. Nutter, IJr. J.
Derm., 1979, 101, 597.

I2520-n

Capobenic Acid. c-3. 6-(3,4,5 -Tri-
methoxybenzamido) hexanoic acid.
C16HZ3N06=325.4.

CAS — 21434-91-3.

Capdenic acid is a vasodilator which has been
used in the prevention and treatment of myoear-
dial infarction and other cardiac disorders.

Proprietary Names
Cardiobiol (L.i~ephmrra, Spain): Cardiobiomar (llia-
,Uar, Spain); C-Tre (sodium salt) (/$t. Chenr. I/a/.,
lhzf.~ Kelevitol(Migra. Arg.~ Pcctoris(Llorersr,Spain};
Trifartine fPhocrrix, Arg.).

12521-h

Carazoioi. BM-S 1052. l-(Carbazol-4-y loxy)-
3-isopropylaminopropan-2-ol.
CI*H12N202=298.4.

CAS — 57775-29-8.

Carazolol is a beta-adrenoeeptor blocking agent.
Pharmacology of carazolol in unimcds.— W. Bartsch ef
al., Arzneimittel-Forsch., 1977, 27, 1022.

Proprietary Names
Conducton (Klirrge, Ger.).

1 2522-m

Carbadox. GS-6244. Meth 1 3-(quinoxalin-
2-ylmethylene)earbazate N’~dioxide.
CIIHION404=262.2.

CAS — 6804-07-5.

A yellow crystalline powder. M.p. about 245°.
Practically insoluble in water.

Carbadox is an antibacterial agent used in veteri-
nary practice for treating swine dysentery and
enteritis and for promoting growth.

Manufacturers
Pfizer, UK.

12523-b

Carbamylglutamic Acid. N-Carbamoyi-L-
glutamicacid.
C,H,0N2(3S=!90.2.
CAS — 1188-38-1.

Carbamylglutamate has been used in the treat-
ment of hyperammonaemia.
References to theuseofcarbamylglutamate with argi-
nine in the treatment of hypmrmmonaemia.— C. Bach-
mann et al. (letter), New Etigl. J. Med., 1981, 304, 543.
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Pharmaco/og~ Effectiveness against warts. is presumed-to resuit from theq!’~
tion” of the tumor as a consequence of Its acantholytic action. The lydc ~<
cantharidin does<not go beyond the e.pldermal cells, the basal layer rernai&
and there is muumal effect on the conum; as a result there IS no Scarring, ~c

Cal application.

9

i pi
Indti”omx .,.

A vesicant for removal of benign ephhelial growths: Warts (including or~na-,
gual, subungual and plantar) and molluscum contaglosum. 3

I

.. . .
(hntraind~ons -..,~;

Diabetics or persons with impaired peripheral circulation; use on eyes, rn~~u
branes, ano-genital or intertriginous areas, moles, birthmarks or unusual WA
hair growing from them, or if lesion is being treated wmh other agen~ if &
or surrounding tissue is inflamed or irritated. :3.l&ti

,“ Warnings

~1

q$~
Vesimnt prope~ies: Cantharidin is a strong vesicant. Use sparingly. DO notusb

,.

1

genital area. Keep away from eyes and mucosal tissue: Avoid. use m inte~
sites due to problems with spreading and body occluslon which often Iead,t

r
intense, painful reactions.

as$
‘‘ -X@

Cantharidin may produce blisters on normal skin or mucous membran
‘1 on skin, wipe off at once, using acetone, alcohol or tape removeu wash @j

soapy water and rinse well. If spilled on mucous membranes or in eyes;fl@

1:

water, remove precipitated coilodion; flush with water for an add~ional 15
Physician use {application) only: Cantharidin is a potent vesicarrt and should’8

only by a physician. It is not to be dispensed to the patient. .$S:! ;2
:,
,’ Sensitiv~ Patients vary in sensitivity to cantharidin; tingling, burning “or.-

demess may develop rarely. In these cases, remove tape and soak th@,a&d’i., water for 10to15 minutes; repeat as required for relief. If soreness persi~,,.
ture blister aseptically, apply antiseptic and cover with bandage. Treat on~~ two lesions on the first visit, until the sensitivity of the patient is knowti~

I

more intense reaction in patients with fair skin and blue eyes. Do not read,..

~.
d

same lesion more than once per week Defer second treatment if infla
intense. .,,y;

Pa/pabra/ warm Use great care if treating palpebral warts. Make C&-”fi,l
I oughly dry warn patient not to touch the eyelid. .; ‘sic
I Pigmentation: Although rare, use care in the selection of site application’si~

!,i pigmentation changes may occur. ~~\,::j $,1
,,-:J:

\
%agnawl%ere have been no adequate and well controlled studies m!g.,.-

women; therefore, the use of cantharidln during pregnancy is not req

1 factatiorx Use in nursing mothers is not recommended. .’ ?,7JJI$

Adverse Readom
‘- /:;$”2

i Annular warts have occurred in some patients. These are superfi~al and’~,, -

!

problem, although they may alarm patients. Reassure patient and trea$ ~

%~e~e have been several reports of chemical Iymphangitis following use,o~:...
IdIn, one m combination with salicylic acid plaster. A case of extrerne,p@~

;,! tering occurred after treatment of multiple axillary lesions. :.,:>: bj

Patient Information: ,-.; ;!?’3[
May cause tingling, itching or burning within a few hours after appiicatioriESIM

be extremely tender for 2 to 6 days. --’ =3

L
:.,

If spilled on skin, wipe off at once with acetone, alcohol or tape remover’ar@
soap and water.

1

. I-

4

------
:“ For external use only. If spilled in the eyes, flush with water and conta~~~

.,:.. ,
, ;:

~~ Administration and Dosag= - M@

“ %

Ordinary and pariungua/ war&: No cutting or prior treatment is required. X
;. to the lesion and cover the growth completely, extending beyond by abo$
;, Allow a few minutes for a thin membrane to form. Cover completely v@@

{’
rous tape. Remove tape in 24 hours and replace with a loose bandage. on~
(1 to 2 weeks), remove necrotic tissue and reapply to any remaining 9-

1 Ii second treatment if inflammation is intense. A single treatment freque~~



KERATOLYllCS 3015

1:A‘~m the “exfolia-e~-
Iic Ie lytic action of,
]asal layer remains inta
re is no scarring from to

includina ordinati, Den. .
n. -

1
.7

Seon eyes, mucous 17&
arks or “unusualwarts v
other agents; if growtt

,aringly. Do not use in a ~_
,void use in intertriginous~
I which often lead to more

3!cous membranes. If spill
‘emovefi wash with wati

cant and should be appli~
%

‘1
g, burning or extreme te,
and soak the area in coo
soreness persists, punt-~
mdage. Treat only one

?tient is known. Expect 3
?yes. Do not reapply to th?
,tment if inflammation i+~

vta~

4

‘Rain film is th’jr
,i.,,

e application since iesi~ua

“i

.“

led studies in pregna$
cy is not recommend ;’*

‘:
‘,1,

uperficial and presen~ ~
tient and treat again.;:O
‘ollowing use of cantha~r~
?of extreme, painful .,!l~
;.

a

.:2 ,=
- $) ‘

i!ilfter application; site ma”. .
.,:A

Ipe remover and wiih”,

1

,..:.

“and contact physician~’
‘f+,1-

It is required. Apply ~~~
I beyond by about 1 mrn~
er completely with noo~
lse bandage. On next visti
y remaining growth. Def!
tment frequently suffice+

P/antar warts: Pare away keratin covering the waw avoid cutting viable tissue. Apply
to wart and 1 to 3 mm around the wart. Allow to dry, 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 watts, 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.

Molkcum contagiosumfApply a ve~ 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 resultand that temporary hypopigmentation may occur.
The patient may bathe after 4 to 6 hours; sooner if discomfort 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
discomfort occurs.

Note: Use of a mild antibacterial is recommended until the tissue re-epithelializes.

Rx Vair-canth Liquid 0.7% canthatiin in an adharent in 7,5 ml. 2952
(Palisades) film-formingbase of ethylcallulose,cal-

Iosolve,castoroil, penederm (octyl-
phenyfpolyethyleneglycol),acetone

KERATOLYTICCOMBINATIONS

Rx Vemax Licwkk30% salicylicacid and 10% In 7.5 ml with 1086
(Palisades) podophyllum in an adherent filrn- applicator.

forming vehicie of panaderm
(octylphenylpdyethylene glycol), athyi-
calluiose, callo-sotve, cobdion, castor
oil, acetone

otc Gek+tt ~ Salicylic acid, zinc chloride and In 12 ml. 150
(Oakhurst) .xdlodion in -35% ather and ~26%0

alcohol
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and should not be used for longperioda of time (57).The
FDA advisory panel concluded,however,that there was
no evidence to establish that zinc chloride contributes
significantly to corn-callus removal when combined
with salicylic acid compared to a single-entity salicylic
acid product. Thus, the zinc chloride-salicylicacid com-
bination was classtied as a Category III combination.
Further, the panel was concerned about the possible
formation of zinc salicylate (pharmacologicallyinactive)
when these two drugs 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 (collagenand in-
tracellular ground substance) and healing, there are in-
sticient dats available to establish its efficacyin topi-
cal wart therapy (38). The panel has recommended
further study of ascorbicacid beforeit can be considered
effective for nonprescription use (38).

Calcium Pantothenate Application of the alcohol
derivative pantdhenol in various ulcerative and pyo-
genic dermatmes 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 druqy 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 psntothenats as CategoryIII(38).

Cantharidin Cantharidinisapotentvesicantavail-
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 larger than the
wart (41). Depending on the physician’s directions, the
bandage is left in piace 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 meterial
with fine-curved iris scissors (50). Since the effect of
cantharidin is entirdy intraepiderrnal, no scarring en-
sues.

.-.. A disadvantage of cantharidin is that, on occasion,
annular warts may develop at the blister periphery (24).
In addition, since this method 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 fewer reactions. 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).

Podophyllum Podophyllum resin (in concentrations
of up to 25?%)dispensed in compound benzoin tincture
or as a solution in alcohol is effectivein the treatment of
condyloma acuminatum (genital warts). Podophyllurn
should not be prescribed for inclusion into a flexible
collodion vehicle because of the collodion’s occlusive
nature and the possibility of enhancement of the drug’s
percutaneous absorption. It is a cytmtixic agent that
arrests mitosis in metaphase. This caustic and powerful
skin irritant is available by prescription only for short-
term use. It maybe reappliedevery4-7 days,generallyfor
2-4 weeks, depending on individual response and any
residual chemical irritation (22). In 24-48 houra after
application, lesionsbecomenecrotic, and in the following
days, begin to slough off and gradually disappear.

The primary toxicologicproblem associated with the
use of podophyllum resin, aside km its topical irritant
qualities, is peripheral neuropathy when it is absorbed
percutaneously into the systemic circulation (60).Podo-
phyilum 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
solution tends to run onto adjacent tissue, causing dama-
ge. This risk may be minimized if white petrolatum or
talc is applied to the healthy surrounding skin before the
podophyllum preparation is applied to the wart (22, 35).

Podophyllum resin for m.dvar warta 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 weekof pregnancy
was suspected of causing teratogenic effects (61). Be-
cause of this encountered difiicuhy with podophyllum,
and to prevent the possible development of laryngeal
papillomatosis in the neonate after delivery, the physi-
cian shodd consider using cryosurgery ta remove the
venereal wart or deliver the neonate by caesareti 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 possibility of
percutaneous absorption. Because podophyllum is a po-
tent corrosive, it should not be used with other kerat.o-
lytic agents, such as sslicylic acid.

Miscellaneous Prescription Drugs Used to Treat
Warts Other prescription drugs used fairly success-
fidly in treating warts are the antibiotic bleomycin sul-
fate (Blenoxane) for recurrent or recalcitrant pkmtar
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 tn the drug’s selective inhibition of DNA synthe-
sis. In addition, local injection into the wart resuka in
hemorrhagic necrosis secondary to microthrombosis,
which is followed by a gradual reduction and detach-
ment of the wart (66). Theoretical objection ti the use of
bleomycin for warts stems from 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 periungual wart
(66). Results with tretinoin and fluorouracil therapy are
variable and, in those cases that do respond, it has not
been determined whether the disease is simply taking ite
natural course (41). Idoxuridine 0.25% ointment dem-
onstrated efficacy in the treatment of six women suffer-
ing from condyloma acuminatum (68). The drug was
applied twice daily for one week. No side efiech were
obsemed and there were no recurrences in these women
three months after followup. One precaution however,
with idoxuridine ia that it haa induced congenital anom-
alies in animals and thus its safety for use to treat geni-
tal warts during pregnancy remains in doubt.

Adjunctive Therapy

In addition to nonprescription products, self-therapy
measures include daiiy soaking of the affected area
throughout treatment for at least 5 minutes in very

---- warm (not hot) water to 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 tile, or pumice stone effec-
tively removes dead tissue of corns and calluses. Petro-
leum jelly should be applied to the healthy skin
surrounding the aflected 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 corn or
callus. If the skin can tolerate the pads, they maybe used
up to 1 week or longer (69). To prevent the pada from
adhering to hosiery, patients may wax the pads with
paraffin or a candle and powder them daly with a hy-
gienic foot powder. If, despite these measures, friction
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 pads
will provide only temporay relief and rarely cure a corn
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 specific towel should
be used only for drying the a.t&ted area after cleaning.
Patients should not probe or poke the wart tissue. Foot-
wear should be worn in the case of piantar 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 baaed only on subjective phy-
sician evaluation reports (2, 9). Salicylic acid in a plaster
or collodion dosage form appeara 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 fkom the center of the bunion area, the pad can
be cut to surround the bunion. Recut pada are available
for immediate patient use. Constant skin contact with
adhesive-backed pads should be avoided, unless under a
podiatrist, or other physician’s recommendation.

Warts

Opinions about the best wart treatment vary from nitric
acid for plantar 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
dirnethylbenzylammonium dibromide solution (Callu-
solve paint) was less effective than either a 50% podo-
phyllurn resin-liquid parafiin preparation or an estab-
lished salicylic paint [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 wa.rk takes about 6
weeks, and the cure rate was fastest with the salicylic
paint. It was concluded that the treatment of plank
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 collodion prepa-
ration used in this study was safe and effective in chil-
dren and adul~, 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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ABSTRACT: 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-labelled C02
released from 14C-glucose in oxygen-enriched incubation medium. Results
were expressed as a tumour/liver 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 mg/kg, the mean
tumour/liver 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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CYCLANDELATE

B. Chemical Name:

Alpha-Hydroxy-, 3,3,5-Trimethylcylclohexyl Ester (9CI), BS 572, Capil~ Ciclospasmol,
Alpha-Hydroxybenzeneacetic Acid 3,3,5-Trimethylcyclohexyl Ester,, Sancyckm, Sepyro~
3,3, 5-Trimethylcyclohexanol, Alpha-Phenyl-Alpha-Hydroxyaxetate, 3,5,5-
Trirnethylcyclohe@ Amygdalate, 3,3,5-Trimethylcyclohexyl Mandelate, Methylcyclohexyl
Mandelate.

C. Common Name:
Arto-Espasmol, Perebral, Saiclate
Cyclobral, Spasrniorm, Spasmocyclo~ Spasmocyclone
Cyclospansmol
Benzenenacetic Acid, Clandilo~ Cyclandelate, Cyclolyt, Cyclomandol, Cyclospasmol,

—_
D. Chemical grade or description of the strength, quality, and purity of

the ingredient:

Assay 99.8%

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:

Cook P. and James, I. Cerebrovascular Disease. Nm Engl J Med 1981;305: 1508 and
1560.

-
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Young J. Studies on the role of Cyclandelate 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. Angiology. 1978; 29:121.

Capote, B. and Parikh. J Am. Geriat. Sot., 1978; 26:360.

Harding F. A. Angiology, 1978;29: 139.

Cunha-Vaz, J. G. Diabetic Retinopathy. Br. J Ophtha/. 1977; 61:399.

Coflintq J. D. Peripheral vascular disease. NW Engl. J Meal 1979;300:713.

Hester, T. O., Theilman, G., and Gree~ W. Cyclandelate in the management of tinnitus: a
randomized, placebo-controlled study. Oto/aryngo/ Head Neck Surg, 1998; 118(3Pt 1):
329-332.==--

Sauer, S., Schellenberg, R., and Hofimnn, 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., Todorov~ A., and Wedekind, W. Pathophysiology and
psychopharmacology of dementia–a new study design. 2. Cyclandelate treatment–a
placebo-controlled double-blind clinical trial. Neuropsychobiology, 1997; 35(3):132-142.

Diener, H. C. Migraine-dagnosis, differential diagnosis and therapy. Ther Umsch,
1997;54(2):64-70.

Diener, H. C., Fo~ M., and Iaccarino, C. Cyclandelate 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.
Cephalcdgia, 1996; 16(6):441-447.

Page -2-
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Gerber, W. D., Schellenberg, R., and Tho~ M. Cyclandelate versus popranolol in the

H.

I.

J.

---

K

L.

M.

prophylaxis of migraine-a double-blind placebo-controlled study. Funct Neurol, 1995;
lql):27-35.

Mot% M. C., Leite, E., and RUU M.A. Effkct of cyclospasmol on early diabetic
retinopathy. Int Opthcdmol, 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 mandeiic acid.
Cyckmdelate capsules concluded that less that 5’% of the cyclandelate degraded in 66

months at ambient temperatures.

Formulations:

Miscellaneous Information:

.-.
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CYCLANDELATE

27907b

JULY 15, I??&

ISO KGS

HOPE DRUMS

PRODUCT

BATCH NO.

DATE OF PlGNUF9CTURING

QURNTITY

PACK I NG
.

DEsCRIPTION WHITE AMORPHOUS POWDER HQVING FAINT CAMPHOR

LIKE ODOUR & BITTER TASTE. FREELY SOLUBLE IN
METHANOL.

56%

POSITIVE

0.27X (li,~it 0.5X)

0.056X (limit O.IX)

7. MELTING POINT

8. IDENTIFICATION

?. LOSS ON DRYING

Lo. RESIDUE ON IGNITION

P, ASSAY
?9 . 8%

11.

=- 12. RESULT
THE SAMPLE P#S6ES IN RLL TESTS.

FOR R.L CHEMICAL INDUSTRIES PVT. LTD.

a

PSATYA L GUPTA

TECHNICAL DIRECTORDATE : JULY 18, 19?6
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cHEMIcAL NAME.: CYCLANDELATE

QUALITY CONTROL REPORT

MANUFACTURE LOT NO. :279076

PHYSICAL TEST

-USP_/BP_/MERCK_/NF_/~T . _/CO. SPECS ._.SPECIFICATION TEST STANDARD. .

I)DESCRIPTION. : WHITE pOWDER.

2)SOLUBILITY .:
PRACTICALLY INSOLUBLE IN WATER; SOLUBLE IN LIPOIDS AND THEIR SOLVENTS;
VOLUBILITY IN MEOH 1/20 IS CLEAR.

3)MBLTING POINT.:
MELTS AT ABOUT 50-53 DEGREES. \/\

4)SPECIFIC GRAVITY. :—_.——-.

5)IDENTIFICATION. :
A) COMPLIES ’WITH IR AS PER COMPANY SPECIFICATIONS.

PASSES. : FAILS .:

COMMENTS.:CYCLANDELATE IS ALSO KNOWNAS MANDELIC ACID 3,3,5 TRIMETHYLCYCLO-
HEXYLESTER.

ANALYST SIGNATURE.: DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE .: INITIAL. :



_n ------------------ IDENTIFICATION -------------------
PRODUCT #: C9260 NAME: CYCLANDELATE CRYSTALLINE
CAS #: 456-59-7
MF: C 17H2403

. SYNONYMS
(-.

~ii
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 2
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 *
3,3,5 -TRIMETHYLCYCLOHEXYL MANDELATE~

------------------ TOXICITY HAZARDS -------------------
RTECS NO: 008200000

MANDELIC ACID, 3,3,5 -TRIMETHYLCYCLOHEXYL ESTER

n 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 NIIRDN 6,310,82
IPR-MUS LD50:3780 MG/’KG AWTAK 105,145,56
IPR-DOG LD50:2000 MG/’KG AIPTAK 105,145,56

ORL-GPG LD50:3950 MGiKG AIPTAK 105,145,56
IPR-GPG LD502480 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
BEHAVIOM (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 TN RTECS FOR COMPLETE

INFORMATION.
------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
MAY 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

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.
-------------------- 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 NIOSH/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

--- 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



iknzyl Nicotinatc/Cyciandelate 1617

N@rb ~ Tablets (CJX,P.). Tablvta amtain-
irr.g Lruphcnim.hydrocblovid?,Sttxmirr itir!ightwrrtain-
Cm.

Pro@etary Nmres
Arlibdx (US V/mm/rI, ,4rg./; Arlidin (USV. Canad.;
US V Pharmacewical Carp., USA), Bufcdon [Cedwm,
Nerh.); Oila:ol (Troporr, Ger,~ Oilydrin (Medichsrvrir.

Swil+ Opinn (Bayropbarm. ital.}; Penitardoa (Woa[m,
Ger.~ Pmvadd (ICIV, Csmod.); Tocodrin (Medichemie,
Swim.).

Bupheninc hydrochloride was formerly marketed in

Great Rritein under the pmprietmy mme Axrtilatal
Forte (Sm/tk & Nephew Phcrrmoceuticals),

92 i 5-s

Bmtdaertina Hydrochloride, LA 1221. NN-Oibutyl-

W-(1-phenyl- 1,2,4-oxa,diazof-5-yl)ethylenediamine hydrm
chloride.
C,,HMN.O,HCI==352.9.
CAS — 22131-$3-7(badatarrriiaej;56974-464 (hydm
rMoride).

A white crystalline Pwdar. M.p. 135” to 141a. Sofabk
I in 7 of water, 1 in 10 of alcohol, and 1 in 2.5 of

Chtovoforns.

Sutetamiare hydrochloride is a vmodilator wbicb has

ttccn given in Ihs tmlmcsrt of peripheral -Iar dis-
orders.

P’m@etary Nsmaa
Advevil (Zyma. Ger.); Hemotmpe (Andromom. Arg.):
Summ (CEP.4, Spain); Surhame (.4ron. /+.; Spmsm.
Ital.).

9216-w

SatoxyetbyiNiesstieate.2-Butoxyethyl nico[icmte.
C11HI,N03-223.J.

CAS — 13911-8rM

Butoxyethyl nicotinate IS a topical vasodilator sraad, in a

concentration of 2. S%, is rtrbafacfcm okrnraartt$.

Pmpeietmry Prquadoasa

See under Methyl Nicosirmte. p.1626..

9217-c

Cetktfif Citr8te. 2-( Perhydsoasepin.l -yl)cthyl u-cyclo-
fscxyl-cx-(3-thieny l)acetate dihydrogen citrate morto-

hydmte.
C20H,, N02S,C6H,0,,H20 =559.7.

CAS — 14176-10-4 (cefledil); 16286+59-4 (citrate.

archydrouq.

Cetiedil citrate is a vasodilrntor which ha! been givem in
{he !reatmmtt of peripheral vascular diaorder$.
After intravenous injection of mdioactively lakclkd
cetiedil. 50% of the dnsc was metabolised within 5

minutes. and after 1 boar only Iabsllcd metabolitaa were
recovered from the urine. Cetiedil was also shown to bc
rapidly metatmfised after administration by rnnuth, and

after fisat paw through the liver crrdy metatmlitas would
enter the general circulation. It waa concluded that the
mctaholites of ceaierfil were active as inhibition of saliva

sccrcdon pemistcd when cct icdil could no longer be
detected in plasma.— A. M. Soctcrhoek ●f o/., Eur. J.
clisr Pharmac., 1977, 1.?. 205.

Asthma Refcrsocm to brorrcbodilator activity of cetiedil
citrate: J. Orehek C( al., Nouv. Prrssc m4d., 1976, J,
1577; Y. W, Cho e; al,, Irrr. 3. clin. Pharmac. Bi&

pharm.. 1978.16.402.

Peripheral vucelav disarbs. An evaluation of cetiedil,

adminiatcmd intravenody, intramuscularly, or by
mosuh. in the treatment of pm-i heral vaacular diaord.

fers.— R. Barbc ● al., C/frI. 7Was J.. 1980, 17. 20,

Pmpekaeary Names
Stratene (Imotht+a, Fr.; Sigmarau, ltal,).

9218-i

~romasser Hydrochloride. Carlxxmmen Hydro-
chkm-idq A27053; AG 3; Cassella 4489 Ethyl 3-(2dI&

thylaminocthyl)4metbylcoumarin-7-yloayac@ate hydrm
chloride.
C8HZ,N05,HCI=397 .9.

CAS — 804-l@4 (chromomrr): 65S-35-6 (hydro-
chloride).

A whita crystalline powder with a bitter taste. M.p.
about 159”. Solnbfe in water. alcohol, and chloroform.

Chronrmrar hyrfrocbloride is a vaaodibrtor which has
bean used in tbc prophylaxis of angina pccrovis.
For reports of pbamracological studies, sea R. E. Nitz
mrt E. Potraeb, Arrereiartttel-Forsch., I%3, 13. 243: W.
bchner and H. Hirchc, ibid.. 25 l; H. J. Bretachrtaidar
er al., ibid.. 255.

Abasrrptiorr, blood eortcemrationa, and escretimr of ch~
monar.— Y. C. Mar-tin and R. -G. Wie.gand, J. phorm.
Scf.,1970, 59, 1313.

Cerdiae dhadsrs. A multice.lre double-btind cmasover
study of 187 patients with anginn pu$toria who received
chmmonar for 8 weefm (79 patients) w 12 wsdca (108
ptierrts) at a doaege of 150 mg thrice daily (73
patients) or 225 mg thrice daily (114 palientx) desnon-
stmrest skgsrifmnt prevecrt ion of anginal attacks by the
lower dose, and improvcanern in attack-rate and glycw’yl
trinitratc requirement by the higbar dma althors8h the
higher dma failed to show any advantage ovas placebo
when the gtycql Winitmte rcqxrirerrrccrt was csrrmidarsd
abase.— R. J. Bins et al., Clin. Phrmtac. Ther., 1974.
16, 4. see atan H. dell er al., ibid., 1968, 9, 40.
Further raferancea: G. Faumn ●t al., Th4mpte, 1975.
30, 185; E. Sehraverr,Arzrwimimel-Forsch., 1976, 26,
197; E. Schrsvm e~ 01., ibid., 200; R. Sirbulmccr er al.,
ibid,, 204: N. N. Kipsidzc and G. M. Kikava, ibid.,
1976, 26, 882.

Pro@atwy Namea
Antiangor (3SM. Iml.); Cardiocap (Fidia, ital.);
Crmsene (Scharper. Ital.k hmrraain (Carsrl!*Riedel,
Belg.; Diamartt, Fr.; Ca.rsello-RiedeI, Ger.; Pierrel, ital.;
Jap.j?ochrirrger h4arsnheim, S.Alr.; Albert-Farnsa.
SpaiW Ca.vsella-Riedel, Switz.); Intenaacmnr (AIberr-
Farnro. Spoln].

9219-y

~saapaaetMaieate. Cinepazic Acid Ethyl Eater
Maleate. Ethyl 4-(3,4,5-trimcthoxycinnamoyl)piper-

azin- I - ylaceta!e hydrogen maleale.
CmHBN@,,C.H,O.- 508.5.

CAS — 23887-41-4 (cinepazer); 50679~7-7 (malraw).

A white powder, M.p. 130”.

Ckrepamt rnaleale is a vasodilator which has been used
in the treatment of angina pectoria.

Absorption and fate of cinepazet in man. Moat of a dose
givarr by mouth wss eliminated within 24 hours, 6(W
Mtng excreted in the urine. The major mctabolite was
cincpazic acid.— L. F. Chasaeaud ●r al., Arznsirnir-
tel-Forsch.. 1972. 22. 2003.

Pmprieemy NBasea
Vascorii (Delalarsde, Belg.; Delalmcfc, Fr.; Delalande.
ItaI.; OaIalande, Swirz.),

9220-g

Cinepaaide Mdeate. I -(pyrrolidin- I -ylcarbnnylme-
thyl)-4-(3,4,5-trimethoxycinnamnyl)piperazinc hydrogen
Irraleate.
C1>HJ, N10$,C4H404-533.6.

CAS — 23887-46-9 (cinepozide); 26328~4-1 (maleofe).

Chxepazide malca[e is a vaaodilator which has been
given in peripheral and cerebral vaacular disorders and
in coronary insufficiency.

Pbarmacofogy in animals.— B. Pourrias er al., Thlr-
apie, ~974, 29, 29 and 43

Pmprfetery Names
Va.sodistal (Delalmrde, Fr ; Deialarrdr, Ital.; Delalande.
Switz, )

9221q

CkIeidarol. Clnbacrhrol. a-( Benznhrran-2-yI}-a-(4-
chlorophwtyl)met hanol.
CI$HIICI01-2$8.7.

CAS — 3611-72-1.

A wbitc odourless crystalline powder. M,p. about 48”.

Cloridarrrl baa lmcn given in the prevention and treal-
ment of comrary insufficiency.

~ NS-SS
Cordium (Mrmone, ArgJ; Menacor (Memsrtrd, lral.):
Merxoxicor (Afercarirri, SpISin/.

C.k ‘— ~56-59-7.

A,~h Orss powder with a

s%ght menthol-like odottr and a bt‘ttcr twtc. ~.P.
Ou un atoratge It may sublime into a

crystalline form resembling cotton wool.
Practicality indubie in watc~ soiubie i in about
I of alcohol and 1 in about 2 of light petroicum;
very soltrbie in ether and other common organic
solvents. Storein a cool piace in airtight contain-
ers. Protect from iight.

Adveme E4kcts. Nattsxa, gaatro-intestinal dia-
tresa, or flushing may follow high doses of
cyciattdeiate,
Other adverse effects reported inciude tingling
and headache.
Toxicity of cyctsnddate was low, though with large
dcus tbam mi ht be fluahin , tingling, mamas. or
headache.- T, himcxr rmd C. %ynracr, C/i.. Pharrmm.
Then, 1%1, 2, 652.

Treatment of AdverseEffects. In acvere over-
dosage the a(omach should be emptied by aspira-
tion and Iavage. If necesaar

?-
the circulation

ahottld be maintained with m ustons of suitable
eleuroiytca, and if necessary by vrxaopreaaom.

Preeatatioavs;Cyclandelate is contra-indicated in
the acute pbaae of a cerebrovascular accident.

Uses. Cyclandelate is a vasodlator used in the
treatment of cerebrovascular ~nd
vascular disorders. I k oiye!st
1.6 g daily in dividcd~doses.

Aetiem An/ma/ studies into the mode of action of
cyclaodelate: A. B, H. Furack~ er af.. Ctcrr. med. Res.
O rrlmr, 1974, 2. 37 (brain glucose uptake); G. van
~1, Cur,. med. Res Opinion, (974,2. 211 (collateral
V*CI formation).

Cercbromeafar disease. Several double-blind studies of
cyclmrdelate have shown improvement in oriemation,
disturbed bebaviorsr, and vocabulary witbnut improve-
ment in self-care. recent memory, or mood. Neverthe-
less, tbe overall results are inconsistent, and improve-
ments in clinical and psychological tests arc not always
matched by useful changes in the activities of daily liv-
ing.— Br. med. J.. 1978, 2, 348. Scc also Drug & Ther.
ErrI/,. 1975, 13. 85, Further reviews: Med. Lsfr., 1976,
18. 38; P. Cook and 1. James. New En~[. J. Med., 1981.
305, I50% and I MO,

Individual reports and studies on the role or cyclarrdclate
in ccrebrovassular disease: ~t al.. Br J. Psy-

~~’~~~~~548: R. rasamrr, ngiology. 1978. 29. 121;’ B~
and S. arl , X Am. Geriaf. Sot., [978, 26, 36CZ G.

%%k!!&’Etfk%%,?fld,lf i~, 29. 139; L. Sour.

Diabetic retinopathy. 1 a double-blind randnmiscd .
-. deterioration o~hc blorxs-mtmal barrier was

asacsasd m 22 diabetic patients. without retinal involve-
ment, by vitreous fluoro~hotometry after the injection of
tluomacein. It was constderad that deterioration of the
blood-retinal barrier, an early sign of diabetic retinopa-
thy, was delayed in the third month in thnsc patients
given cyclandeiate 400 mg four times daily for 3

cated.– J. ~. Cunha-Vaz et al., Br. J. Oph,hol., 1977, ,
months. Lon -term studies were considered to be indi-

E

z

L-



1618 Vasodilators
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61.399.

~sawxarrk Over a psriad of 15 years, 643 women
with spsatrtedii dyammorrhoea had bcert treated with
eyclandclatc wilh eorraistently good results; 800 mg daily
in divided dotes was given for 3 days before the
expected date of mertstraation and for the first 2 dsys
of menstrua[iorr.— D. Kerslake (letter), Br. mcd, J.,
1973.2, 614.

Peripheral sascnkr disease. A review of drug$ used in
the management of peripheral vaacukr disease, includ-
ing cyclmtdclate. There is no aubsrantisl cvidenec 10
rmommmd the w of cyclandelate in peripheml
vaamkr diacaaea.— J,- New .!%~l. ,. Med.,
1979. 300. 713. Furt cr refermeex R. E. Fremont. Am.
J. med. Sri, I%4, 247. 162; T. Reich, J. Am. Gerfrrt.
s=.. 1977, 25, mz.

PraatrfetarvFrezmatiosta
C ckml (hrgirr;. UK). Cyefandekte, availabk u caP

( h.,.
~ ~cfaapamd (Broraaks, UK). Cyclandelate. available am

t++ -$~~:g;:v%z:

f’
Carrad.. Dram.. Fr.,

Neth.. Norrw, S.A~r.. Swif~., U A).

Otkr ProprietaryNmsea
Arto.Eapasmol(Spaisr); Cdoapaamol (Ital.); Cycle
msndcd (Sued.h Spasmocyclorr I’Gcr.fi Vaaodyl (Spafrr/.

-

9223-s

DHaopropykttmaatium Dfcbloroaeetste DIPA;
tWiaopropylamincD!chlomethsnaat~ Di4ropropylamine
Dichiormcetate.
c“H17Cl~No)-230.1.

C.4S — 660-27-$

Crysrak with an odour of chlorine and a slightly bitter
taste. M.p. 119° (O 121”. Soluble 1 in less than 2 of
watac very arrtubk in akohol and chloroform.

Di-isopmpylammanium dichlormcatate ia a vasodilamr
which has been given in the lmamnertt of fmripheral and
cerebral vascular disorders.

A teview of the pharrnacol y and therapeutic effects of
%di-isoprcrpyfammotrium dioh aacetate.— P. W. Sta&

pod.. J. clin. Pharmac., 1%9,9. 282.

Pr@atary Nmaa
Cubisol (Pimrr. Ital.); Dedyl (Di text Austrol.: Hotsd&

/IS. H., Fr.L Did (Atem, Be g,; ISF. Ital.; Seber,
Spalrr); Kalaiil (Fidia. Ital.); Nemraacd (S~@. [IaM
Mrtrimr (LJorrms. Spain); Vasculene (Vorrs?och, /fa/.),

9224-w

Difazep Hydroehforlde. Asta C 4898. Perhydro- 1,4-
diaxcpin- 1.44i ylbis(trimethykrw 3,4,5.tri-
mcthoxytrcnzoate) dihydrochloridc.
C31H,,N>0,V.2HC1 =677.6.

CAS — 35898-87-4 (ditazep): 20153-98-4 (hydro-
chloride).

Ddamp hydrochloride is a vaaodilamr which ha$ been
given in the trea!mcrtt of coronary insufficiency and
angina pcctor%.

Pharmacology in animals.— D. Lmkc ez al., Arzrtelmll-
tel-Forsch., 1972, 12. 639. Toxich y studies in ascl-
mals.— H H Able rI al., ibid., 667; H. Schricwcr and
H. M. Rauen, ibid., 1455.

Tbe myomrdial blood Ilow was mmmmd in 5 psticnta
with uthetcrkcd hrts given dilazcp and formal to be
incrcaxed after doses of 160 to 310 pg per kg bdy-
weight.— 1. Henasl el af.. Arzrre(mirte/-Forsch,, 19’f2,
22, 652. Evidctw of coronary vase.ularisation indwcd by
dilazep in animals.— G. Schmidt ct aL. ibid., 663.
hfetabatisrrr.— E. Scfmumlt$ffel and R. Prignitz, Amsei-
miftel-Forsch.. 1972, 22, 1651.
For a series of papera on the pharmacology and me of
dilaaep in iachecmic heart discaxc, see Arzfreimitief-
f%mh.. 1974, 24, 1851 to 1926.

l%c effccta of dilazcp on bloud platelet aggregation.—
F. Kuzuya, Arztseimltttl-Forsch., 1979.29.539.

Proprktasy Names
Cormclian (Asia, Ger.; Scherirrg, IIal.); Komwian (Jap.).

9225-e

Dfltiazcm Hydroehforide. f.xtiazcnr Hydtuchloride;
CRD-401. cis-(+)-3-Aceloxy-5 -(2-
dirmthylamirrocthyl)-2,3 dihydro-2-(4-methoxyphcnyl)-
1,5-benzothiazepin-4( 5ff)-otrc h@r~hlOridc.
c:>H~*N*o,s,Hcl =451.o.

CAS — 42399-41-7 (dilriazem); 33286-22-5 (hydrw
chloride).

A white odourless ciyttallinc pwdcr with u bitter taste.
M.p. about 212- with decomposition. Freely aokbla in
water, chloroform, and methyl alcohol; slightly mfuble
in dehydrated alcohol. protect from light.

DOtiazcm hydmchlotide exists in 2 wyatalline forma
prianta and plawa.— K. Kohno et o!., Arzruimittel-
Fomch., 1977.27, 1424.

D!ltiazem hydrochloride is a vaaodilatar which has bean
used in the management of angina pcccoris.

Arafrrra/ pharma~ogy studies-of diltiszemr D, Saito et
al., Arzneimli;el-Fa+sch., 1977, 27, 1669; Y, M ttal..
Br. J, Pharmac., 1978, 64.503.

Carkc diwdira.Atgfm pecmris. Refermteea:
Kumtkawa et al., ArzsreImf:te&Fo?sch.. 1977, 27. 676;%
Nakayama, ht. J. c[irr. Phamsac. Biopharm., 1979, 17.
410.

Hear/ ~alhsre, Tbc effcer of diltiazcm hydroshloridc on
sodium diwexia and renal function in chronic congcativc
heart failure.— M. Kirwahita et uI., Arzne!mlltel-
Fwcch.. 1979.29.676,

Ffypag/ycaemh Dtltiazem hydroebloride 44 mg given
intravarroualy a+w 2 hours to a. worrran with hyjmgly.
caemic attacks due m an ifmtlmoma reduced mwdin
secretion for the first 10 mimtte~ tasl also reduced the
trlrmd-ghreoaeCorrcernratiact A dose of 180 mg daily by
mou(h for 15 days reduced the frqucney of mtacks.-
H. Taniguchi CIal. (letter), Lacer, 1977, 2, 501.
Pro&tary Namaa
Her seer (Jsrp.~ Macdil (E$revt. Spain).

9226-1

Dlpyridnmole.RA 8. 2,2’,2’’,2’’’-~(4,8.
Dipiperidinop rimido[5,4-dJpyrimidine-2,6-

fdiyl)dinittrilo tetraethanol.
C24H@N~04 = 504.6.

CAS — 58-32-2.

An odourkas, intermel yellow, crystalline w
with a bitter taste. &kctitms have a yel~wi%~
blue flttoreacencc. M.p. about 163°.
Very slightly aahrbk in wate[; soluble in chloro-
form, methyl alcohol, and ddute acids slightly
soluble in acetone; practically insoluble in ether
and light petroleum.

Adwrae Effects. Gastric disturbances, diarrhcrea,
headache, dizzineza, faintness, and skin rash may
occur after administration of dipyridamofe. Some
patients experience facial flushing and a bitter
taste after intravenous injection. Rapid intraven-
ous injection of dipyridamole may cause a lower.
ing of blood prcaaurc. especially in patients with
hypertension. Dipyridamole can also induce
angina in zome patients
Alopecia A 38-year-old woman with the Isaemolyci*
uracmic syndrome initially treated with stmptokinase
and hcpsrin, was subaquemly treated with aapirirt 3 g
daily and dipyridamolc 300 mg daily. Alopecia during
treatment might have been due to dipyridamok.— J. A.
Utting and D. R. Shrccve, Br. med. J., 1973, 2.591.

Effmrs ou the kmrr. Comment on the role of dipyri-
dmnolc in myomrdial scintigraphy, including mention
that a rather uwxpectcd effec! of distal mroi’tary vaso-
dilatom is angina, which may be reversed by glyreryl
trinitratc or, in severe csses, aminophylline.— f.nncet,
1980, 2, 1346.

Precmctfoaa.Dipyridamole should be given only
with care to patients with hypotcnsion and should

not be given tn patients with hypotension follow-
ing myocardial infarction.

Interactions. [n 24 paticms with glomerulonephritis who
were stsbilised on either warfarin m phenindione. dip ri-

7damole in doses up m 400 mg daily did no! af cct
prothrombin activity. It was recommended that when
dipyridamole was used the prmhrombin activity should

~ “intainda’‘he‘r ‘d-of‘hc‘h--tic“ngcm order to avord poaai e blecdmg cortrphcat!otrs due to
the slight anticoa Ianf mtivity of dipyridamde.— S.

fKalowski and P. mcsid-Smith, Med. 3. ,4rsrt., 1973, 2,
164.

/@ti,am with Jisgutwtic tests. Serum front a pstient
taking dtpyridamolc gsvc vr.r high readings when IiPop
mteirm were being mcsartrct/’ by ncphekarte~,t~py~
damole imparts a yellowish-blue tluorcacen
tiorrs and ctwrld interfere in other laboratory teats invol-
ving fluorcamrrcx M rtephelometr measurctnents.— K.

JWiener (Icttcr), Urrcet. 198 I, 2. 34.

b- sad rha aeaaase. A young worrtan with a
pmatbettchears valva wsa mwcaaafully mana~ed
Ihrougttcwl prcgaan~ with the aid of dipyridamolc arsd
defisared ● healthy mfarst.— R. Ahmad et a/. (fetter).
@sref. 1976, 2, 1414. Roe also Y. Biale ef al. (kttcr).
Lnmt. 1977, 1.907.

Absotptlon ●nd Fate Dipyridamote is readily
aksorbcd from the gastro-intestinal tract. lt is
concentrated in the liver and is mainly excreted
in the farces. Excretion may bc delayed by rcab
sorption. A small amount is excreted in the urine
as glucurortide.
Fora study s~eatifts thst bled-d jpytidmoole mncms-
Irauom .* .5 Attrol pzr titm may not be effeetiwcin
suppresmtrgplatelet function, sea utsder Cardiac Disord-
Sva,below.

Uaaa. D]pyridamofe has antithrombotic activity
and is rsmsf in conditions where modification of
platckt function may be lsmrcticial. For this
purpose the usual dose is 100 mg four times
daily beforefood increased if necessary, to
600 mg daily.
[t has also been used zs a vaaodiiator in the
long-term management of chronic angina pcetoris
in ueual doses of 50 mg thrioc daily, It has slam
been iven by slow intravenotra injection in a

!doac o 10 to 20 mg twice or thrice daily.

.4CIJOW. Evidence 10 suggest lhat the amithrombotic
●stivity of phoaphodicatcrsac inhibimcs, such as di ri
darrtolc, dcpmrd upon the activation of pfatelet adeny

7’ckae ~ potcsrtiation of mdogenou, praatacycli”.-
Mottca a and R. Korbut. Lacet. 1978, I, 1286. Com-
ments.— D. F. Hortitn etd.(letter), /b/d., 2, 270 A.
K, Pedarsen (Iettef), ibid. /n vftrostudies pointin to an
cffsct of dtpyridanrale on ~aataglandin mata bolsm in
pfacclet.a, which might rosnde ●n addkinnat azptarwtion

{’of its activity ss ●n m Ibrtm of platelet furtswott.— L.
C. Beat ef a[. (Ietter). Ibid., 846. In virm tats indicating
that inh~bkimr of thromboxme a~rtthetaec mmot explain
the antnhrombotic effects of dl yridamole.— S. Mon-

~ ef~ttd~ti~~a~teada et al. (ktter), ibid., 1257. mdin
dipyridamolc has an inhibitory
aggregation, dcpcndcnt mr albumin bw indepcndmt of

~. Sto%sesr (letter), Ibid.. 1258. Data sug@ing that
rcara clin and throtrsboxsrte.— K. A. JswfJmacn arrd

the most imprtant mechanism of actiotr of djpyridarrrde
might b. enhancement of the effects of prmtscyclin.—
G. Di Mmrw r~ al (letter), ibid.
in a study involving 10 healthy subjects dipyridamole
8 pg pcr kg body-weight per minute, infused for 2
hoam, irtdmuk an inscectsa of proatmyclin mtease, pro-
bably by a direct effect on the metablic pathwaya of
arachidonic acid.— G. Masotti et al. (letter), fxstcet,
1979, /, 1412. A study in 4 hcakby subjcets mdtcating
that dipyridamole ingestion appeared to diminish mtkr
thsn cnbsnti lhc effect of prmtacyclin (and other pros-
!aglandina) an pfatclet-aggregate inhibitors h human
platelet-rich plawrts. Tbeae findings do not su~pxt tbe
hypothesis that the antitbrombmic action of dqryridcm-
ole k cauaed by ettttsncement of ptatelet aggregate

imulmdc~tient d,a~~’Pmwcyclin”– G. Di Minno

inhibition by ‘circulatm
er df. (letter). ibid.,, 19 9, 2. 701. In 10 juveni!e-onset,

dipyri&mOlc si ruticantly
!decressed their raimd lac~ szmmmrations o &throm-

kboglobulin without a acting metabolic control. This
might bc bssed on enhsrrecment or release of prostacy -
clin.— G. Schertrthartcr tf af. (letter), ibid.. 748.

Car~iac disardsm, For the role of dipyridsmolc in the
prevention of myocardial infarction, sce Aspirin, p.242.

Cardiac swgsry. Dipyridamok was considered to reduce
the incidence of thrombo-embotic cpisodea during the
year following heart-valve replacement. In a study in 70

ticnts, 27 were given dipyridamole 400 mg daily and
~ a placebo, starting 10 to 14 days after operation. All
patients received warfarin sodium. There were 1I
thrombembdic episodes among tbc pstients receiving
plaubm tmt none among thee continuously taking

.-.



for possible revisions

Pracautioam Prdongwd uee of entibiotia may promati
the overgrowthof nonaueceptible orgenienm Mauperinfec
tion omure during therapy, appropriate meaaurea should lx
taken.

:~~;~o-~~*v’.’Pdudonti~ermedmnuce andmteatdoeeaup totem
ti- ~human dcae md have revealed no evidence of im
pm... !ertility or harm to the fetueduetocyclacdlia.There
are.however.noedeauateandwell-contmiledciudieab
pregOaOt women. Sac& animal reproduction xtudiee em
not alwaya predictive afhuman reepx tbix drug should be
ueed during p~ only if clearly neded.
NURSING MtYIRERS It ia not kaown whether thie drug ie
excmtedin humenmilk. %ramemanyd mgxereexcreted
in human G caution should be exercieed when cycladlin
ia dmhiatared toanmwfngweman.
Advmue RemctIo= The oral dminktm tioa Ofcyclaciuin

m ~erally well-tolerated.
Axwith atlter peniciffirm untoward reectioaa aftbe eeneitiv-
ti phenomena are likely to occur, padhlarly in individu-
al who bavwJPMvbXldy demonatreted hypemenaitivity to
pedciUineor inthaeawith abietoryofallexgy, eathma. bay
fever, or urtfcetfn
The following advemn mectionc have been reported with the
uee of cyclacilk diarrhea (in appmxirnataly 1 out of 20 pa-
tieoti t?eetedk mm and VOIUitilts (h ~ppMXiCUAbdy 1 in
50k end akin rseb (m appmximctaly 1 in 60). Iaoletad in-
atancea of bmdache, dizrirlm abdominal pin. Vwginitie,
and mtimria have bean reported. (See WARNING%)
Otherkfrequentedveraereactionawhichmayoccurend
thathavebeenreportedduringtherapywithetherpenicil-
linare:en- thrombacyto-thrambocytopenicpur-
~ leukopamneutmpeniamd eoainopbilia.Tbeaereac-
tianaareueuallyremmibleondiemntimetionoftberepy.
ACwithotheraemieyntheticpeni% SOOT elevatioaa
have been reported.
Deaase .d Addnh’attoxc
* table on preceding page].
lMientJ withRenalFailure
Baeedon a daaageof500rngq.i.d.,the followingedjuatment
hl dOUCgCiUtetVSlix recommended

Patienta with a creatinine clearance efs 50 mlhnin need
no daaage interval adjuetmenk
F-* * ~ -tie ~~~ of ~ ~mia

receive full doeea every 12 hours
}.. .Ati with a creatinine clearance of between 154)
ralhnin ehauld receive fidf dceea evwry 18 haura.
Patiente with a cmatinine clearenca of belmwan 10-15
mfhnin should receive fidl daeea every ?Ahaum.
In ptienta with a creatinirte clearance of S 10 rolhnin or
aeram Creatinine Veluee of 2 10 rng%, ermun cycLaciuin
levels are recommended to determine M mbeequent
dceege end frequency.

How Supplitxt @clapen-W@ (cyckilb) tablete CM
available in the folfawing atrengtluc

250 mg, NDC 0@6-0614, yellow qeule-sheped axed
tablet embmaed with ‘~ and “614”, CUpptiedin
bottles Of I(M tahletu
600 mg, NDC flM6.0615, yellow capaule.e.baped wored
Ubt ernbnwed with ‘WYE1’H” and “615”, eupplied in
battlee Of lci) tableta.

The appeamnm OfCyclepen-WtilemMarasiateredtrade.,
markofWyethLebaratoriee.
KaaPbattleatfghtfy Cbd. .

Diepetree In tight contain4ra.
C@apen-W (c@aCillia) for oral erwpenaion ia available in
the following atmngtlux

126rngper5 ml, NDCO006-0559, whitito pinkiah-white
powder eupplied in battlea to make 100,150, and 200 ml of
aoepanaion.
2SOrngper5mLNDC~ , white to pinkish-white
powder eupplied in battle-eto meke 100,150, end 200 nd of
auapenaion.

Shake well Here uainp-ihep tightty cbeed,

After reaanatitutirwJ, as directed an the ~ label, amre

under mfrigemtbn. Diecerd eny unua.d portion ●fter 14

daya.

1. BAUEft, A.Wq KIRBY, W.M.M., SHEWUB, J.C. and

‘rUBCK. M.; Au@lOtiC Testing by a Stan
DiecMetbed.Am.J. clirI.PsthoL46:49* 1==

Di~ac@biity Teet, FEDEfWL WISI’ER 37~27-
2$
2. . ad Committee for IAomtory Stendar&T Ap
provedstandard-z Perfornumcestandmde for Antimicm
bid Diw SueceptihilityTea@1976.
3. ERKXON,IL W and ~ J.G AntibioticSenai-
tivity Teating Report efen In@matimd c!allabolativc
Study,ACT&Patbol Micrcbial.Scan& .%@anB!217,Ml.

Shownin PreductI~tip%wa

Product Information

CYCLOSPASMOL@ 1
[Cfcb%pOc%61]
(Cyclalrdalete}
CapeukTabkta

Compoaitioru Eachblue end red capsule cant.sine 400 ME. o
cyclendelate, end each bke cepuie conteine 200 rng. of q
clendel,are. Each omnge tablet containe 100 mg. cyclande
late.
Deacriptiorx Cyclmdelete ia a whita emorphouc pawde
heving a feint menthol-like odor. It ie dightly eoluble in WE
ter and highly soluble in ethyl elcohol end organic aalventi
Cyclendelete bac the following atructurel forrmlk 3,5,5
trimethylcyclohexyl mandelate.
Aetlom CYCLOSPASMOLieen Ody acting vemdiletor

The activity of thic drug, ax mcaaurcd by pbarmecabgicn
teete qhat varioue typee nf.wnooth-moede spawn pmdum
by CCW@bOhl, Mataminq and barium cbloridq exceed
that ofpep-eriae, partiddy in rq@ to the neumtmpi~
component prwfuced by, the ecetylcholine. Cyclandelate i
muaculatropic, acting dirmxly on veaculer ameatb mud
and bea no eigniticaot adrenergic cticrtulating or bleckirq
Cctiolm
The drug ia not intended to aubetitute for other appmpriati
medical or surgical prasrama ia the treetxnemt of periphera
or cerebral macular diaeaee.

IIdcatiorle

Beead an a review of tbia drug by the NationalAmdemy
ancea-National keearcb Council and/or otherof Sci

information, PDA baa claeeified the indication cc fol-
lowz
“Fkdiy” effective CYCLQSPASMOL ie indicated for
edjunctive therapy in intermittent claudicetion; arte
ricaclermic oblitemw thrombophlebitie (to mntrd
maacieted vaampeem and muscular iechemiah noctur-
nal leg crampy Rayneud’s phenomeno~ end for ae.
laded - of ixchemic carebrel macular diaenee.
PineI clamdfication of the 1ea3-tban*ffective indicatiorw
requimc further invcatigation.

Contraixdcatkorm CYCLOSPASMOL in omtraindicate
in team of knewn hypereenaitivitytothedrug.
W- L Cyclandelateabouldbeueedwithextrem
cautioninpetientawitheevereobiihntivecoronaryartrx
orceretrral-vanmlardbeaeqeiacethereixapoeeibilitytba
thesedkaaeedereaemaybemmpmmieed by vamdilator
effecte aftbe drug eleewhere. 2 Uee In Pregna~ The eefe$
of cycfandelete for uxe during pregnancy or lactation hee no

been estdiiald therefore, it ehould not be used in pregnan
wamenarin women ofchildb&ing ageunl%inthej@
ment of the phyeician, ita uee ie deemed ebaalutely awentia
to the welfare of the patienL 3. Although no pmlangetian a

bleeding time baa been demonatrcted in hamana in them
peutic &me@e, it baa been demonehnted in animala at ver
large &m. Therefore, the bemrd of a pmloa@ bleedin
time chauld bw ~y amaidarad when ~ti
@andabite to a patient with ectiva blewling or a bleedin
ten&nq.
l+eqaziow Since CYCLUSPASMOL (cyclandel.ate) ie
veedkor, itahouidbeusedwithceutioninpatientaheti

.. .
and erm@tian) may - with CYCLQSPASMOL ~ee
~~ aomr infrequently emd em uetudly mild. Retie
can often be cbtained by taking the medication with meala o
by the concomitant uen of antacide.
Mild fl~ h- feelingof weaknear+or tachycydi
~ye==,aydtithe~ =~of~
tiori.
Deaagesrld A&watmm “mItiaat?en edvan@eOuet
initiate thempy at higher doaegq e.g.: 120M600 mg. PC
day, givart in divided doeea before meela end at bedtirm
Whenaclioical reeperwe ianoted. thedaaege can bedc
creeaed in 20tMng.decrements uatif the maintenance dmeg
iereeckd. Theueuelmaintanrmce dmaeeefcYcLosPM
MOL (cyclandalate) ia between 400 end SW mg. per dq
given intwotofour divided doeea.
Although objective aigna aftherepeutic benefit maybe rapi
aad drema@ more otlan, thit improvement accma gmdu
tiy uvu weeks Oftberepy. h u CtM@ rewmmended the
b~-tbd-tititi tititpmlo~umyb
n~. %mw,vmn uw of CYCLOSPASMOL ie m@
teneticial, nor ie it likely to be of eny pe-ent veh
How Sat@ie&403mg. blueendred capuleainbottleso
100. end Wtt end Clin@i@, Unit Dme Medication, 10
capauka (ZlehiP of5). ZIOms. blue mpnuleeinbottteec
100, .YIO.end 100U and Cliui@@, Unit Doee Medicecior

mofrapedeu( macxipd%loor rgc!rdngetabler sinbattle
Oflwardax).
Liteentnm Availalk Yaa

[C!ir. 30162 7/14/60]
Shmmtin Product I&@cohon section, @&w 411
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DIPHTHERIAAND T~ANUS B
TOXOIDS
[d+the‘red andtet‘ah-rowtok‘wide]
ADSORBED (PEDIATRIC)
aluminum phosphete adaarbed.

ULTRAFINED@

Deecriptiom Antigeneedmrbed on aluminum phmphate.
Preeemativem0.01%thiraerceal (mercuryderivative.
Hew Supplied Vi of5 ml.;and O.&nl.TUEEX@Sterile
CartridS*NeedleUni@ peckegeaof 10.
Farpreecribingi@brmotion Write & Prefeaeiond Seruicg Wy
eth Ldaro~ Bm 6299, Phila&lphk PA 19101,or mn-

@ct WIU localW@hmprmentotiue

EaUAGESIC@I
[ekWo-je ‘xik ]

@&

(mepmbemate with aapirin)

Deacripttoxu Each tablet of Equageaic corrtaine 200 mg
meprobernate and 325 rag aapirin.
Actiorm Meprobamate ia a carbamate derivative which
baa been shown Cm animal andlor h- etudiea) to have
effect-e at multiple eitee in the central nervous ayatem. in-
cluding the tbalaraua end Iimbic system.
Aspirin, acatylaalicylic aci~ ie a nonnarcotic onalgeaic with
aatipyretic end antiinfiamnratory pmpertiea
Indfcatiorm ACen adjunct in the ehor&term treatment of
pain accompanied by t.#naionandlor enxiety in patienta with
mucculoekeletal dieeese. Clinicel triala have demonanati
that in theee duetiona relief of pain ie eamewhat greater
than with aepirin elane.
The effectivenam of Equa@c in long-term use, that k more

than 4 montba, baa not been aeaemcd by systematic clinical
etudiea.Thephyeicianshould periodically meeeeea the w
fufnew of the drug for the individual patient.
COntmtdatiorm
AsPfRIN
Allersic or idiaeyncmtic reactiomt to eeoirin or raked mm-
paude. -
MBPROBAMATE:
Acute intermittent porphyria and allergic or idiaayauatic

mactione to mepmbamete or related Compounh euch cc
hpmdol. mebutamate, or carbmmal.
warning-m
ASTTRfN
Selkylatea ehauld be aced with extreme caution in patience
with peptic ulcer, eethrna cacgulation abnormaliti~ hw
prothrombmemia, vitamin K deficiency, or in three on anti.
coagulant therapy.
Inrereinatanma, theueeofaapirin inpemone ellergicto
ealicyleka may remit in life-threatening ellergic epi.wxiee.
MXPROBAMATE
DRUG DEPENDENCE Phyeicel dependence, peymholc@al
dependen% end ebuae have accurmd. Chronic int&cation
from prolonged ingmation of, uauelly, gmeter-then-remm-
caended deeea ia nrenifeated by ah An-red aped, end
vertisa. Therefore. careful supervision of daee and emouate
prescribed k adviaed, ae well cc avoidance of prolonged ed-
mirdatretioa, eapecidy for elcaholica and other @enta
with a known propensity for taking exceeaive quantities of
m. ‘- - - -
Sudden witbdmwal of the drwg after prolonged end exce
sive uae may precipitate recurrence of preexisting aymptorm
euch en anxiety, anorexia, or inaamnia, or withdrawal mec-
tiam such m vomiting, ataxia, tremore, muede twitching,
cootleional .vtatee, bnllucinoeie, end, rarely, convulsive eei-
mrea. Such eeizurea CM more likely to cccur in peraactx with
ceotral-nervous-ayatem damegc or preexistent or Iatxmt mn-
vulaive dieardere. Oneet of withdrawal eymptorne occure
uauelly within 12 to 46 hours after diamntinuetion of mep~
bemek, aymptome ueually ceace within the next B to .@
hour periari
when * n h has continued for weeke or months,
dmegc shauid be reduced greduelly over a period of 1 ta 2
weeke rather than ebmptly atoppad. Alternatively, a aboti
acting barbiturate may be substituted, then gradueily with-
drawn.
POTmWAMY HAZARDOUS TASKS Patiente should be
warned that meprabernete may impeir the mental or physi-
cal ebiiitiec required for performance of potentially herard-
oue tacks, euch ae driving or operating mechinery.
ADDITIVE EFPECE3 Siice CNS-suppmssant effexxa of

mepmxte end almhol or meprobamate and other pCY-
chotmplc drugs mey be additive, appropriate caution ehould
be exerciwd with petiente who take more than one of these
egenta simultaneously.

USAGE IN PREGNANCY
AND LACTATION

An increeaed rick of congenial malformations a~txd
with ths uee of minor trenquilii (mepmbemate, ch&rdii-
epexide, ●nd diaxepam) during the firet trimaetar Ofpreg.
rmncy has lawn xugexamd in ewwe I xtudi~ $aca~ ~ nf
theea druge is rarely ● matter of urgency, their uee durfng

Contlnuael on next ~



for possible revisions
, -. q>---

Product Information

precautions biOaged w of antibiotic may promo
the overgrowthof nonsusceptible orgaakma If auperiafe
don occosa during thempy, appropriate measurea shoald I

~NANCY%gnancyCategary B. Reprodurtimatudi
-s baenparformed inrnice and ratsatdmaaupcom
s the humandceeandhaverevealed no eviden~ of u

_ fertUity or harm to the ferua due ta cy&ciMa. The]
ems howe=r. no adequte and dlantmlled studier I
p~t women. Because aniroaf repraducrion mdiaa ~
not alweye predictive of human rvaponaa,thisdrugshouldt
used during p~Cy Ordy if fkdy m?eded.
NURSING MOTHERS: It is notknownwhetherthisdrug
-tedinhumao milk.sacausemanydrugeareexcraw
in human milk, caution should be eaarciaad when cycbxilli
ie Aninia@red to a nursing woman.
Mverraa Raacxiorte! The oral a+ AdooOfcyciadi
ia generally well-tolerati.
Aa with other paniciUina, untoward re4cci0M of the aenaitil

ity phanomecur era UkefY @ cmr, parddarly in irtdividt
ala whohaveprwioualy demooazmted hypemenaitivityt
penicdlhsorirrtbaawithahieuryofailergy,aethma,he
fever,orurdcatia.
Thefollowingadvemereactionshavebeenrepoe~withtb
uaaofcydacdb diarrhea(inapproximately 1 out of 2tl p
tienta @eat&i), MB and VOCSlit@(ii approximately 1 i

50), and akin rash (in appsmimacaly 1 in 60). Isolated ir
~ of haeddre, dbzinaae, abdorainsd peia. vaginiti
and urtimria have been raporwd. (Sea WARNINGS.)
Other Ieae-fmquarrtadverse reaccionawhich may occur m,
chat have km mwt.ed during cberapy @,tt other pemid
Una am anemia. ihromhocyto&k tiriombacyrnpiicpur-

pum Ieukopaaia neutropeti and tiopiilia Theaa W.

tiona are uauaUy reversible on diamndouation of therapy.

b with other samiaynthetic penidlfna, W elemtiorw

have bean reportad.
Doeageand Ad 4 ““ dom
@ table on precding page].
Potiants with RenalFaike

Baaad on a dosage of 500 mg q.i.cL.&a following adjuamrent
~ _ ilJteti is racmrunended

Patienta with a creatiniae clearanotof >50 mUmin ned
-_+ dosage intarval adjuatmenr.

““dent4 with a creeticcine clearance Ofxmlfcnin
mld ~iva fuU three every U bum.

<atiente with a creacinine daacanur of between l=
mUmin ehOdd receive full dcews evury 18 hours.
Patienur with a creatittine ciaemnca of Ix2rweenlC-15
mi/min abauld receive full doeee every ’24hours.
In patience with a craarinine ckarence of< lomurniaor
serumcreerininevaluesof 2 10 mg%, serum qcladin
levels are recommended to determine Mb mbaeqnent
dosageand frequency.

HOW Supplhxk Cyc@en-W@ (qcladin) tablets are
available in the following strength

3S0 mg, .NDC OIIOW3514,yeUow rqda+baped scored
tablet embawed with ‘WYETH” ~ “614”o~PPfi~ ~
botttea of 100 tablera.
XQ nrg, ,NDC 0006-0615, yellow capaubaheprd scored
tablet emkeaad with ‘WYEITP’ and “615”, supplied in
bntttas of lW biblera.

The appaaran= ofCydapen-Wtiletek aregiatemd*
markofWyethLabolatane9.
K- hordeecighttydosed.
OlepmeeIntightconnelnara.
Cydapan-W(CyCfaCiUirt)fororalauapenaion is available in
the follawing S’&ength!c

M mg per 5 ML LNDCCO06-0593,whih m pinkish-white
*rm~tidkbd-titilW,lM,A~dti
SUSpeUViOL
350mgpar 5nrLLNDC@XWX411, white ta p*-wbita

pmrdar eUpphd in ts.dea to make lCO, ~, and ’200 MI of
~naiom

.Shek* weil before uai~eap tighdy cloead.
A* mcnnadtutfng. u dlraaed an the ~ Iabei. smra I
under refri~tfon. 0i8ard ●ny unused pomion afmr 14

da-

Buf--

1. BALER A-w.. KIEBY. WM.M, SHERRfs, J.C, aad i
TIJRCX. M.: Ancibiadc Tenting by a S~ Siie 1
~g@ethad. k J. Clin Pacho1. 4.5 :4S3, 1966. Standarc&d I

_n-- ‘Swqdbility Tern. PEDER4.L KEmsrER 37515ZL[
fl~

L Xadanai Cammitiee for ~ sbmiardx * :
.- Stadard+ PdmnaaO? SbndanisfarAncinuaw
lidb SuampcilrUityTaa. 197S.
3. KKIGON, HM.. and~Ja b:
~T~~af~h “?~,
Stady, ACMJathaL ‘bfIcmbL5=sd. -=?17, WL

shamiJs Radld I&@mfkm-pww !

:YCLOSPASMOL@

ri%kf’afme “lrd ]

C@mddarel

~8b&re

%mpoaitiomEachblueand red capaule rontaim W cog.
@nndeiace, ~d aecb blue capaule mmaina 2X) mg. of c
iandeIam. Each _ tablet cmcaine I(XImg. cyclmrd
ate.
lescriptiom Cyrlandelaw ia a white amorphous pod
~ti a faint menthol-hka odor. [t u slightty soluble h w
er and highly mlwbie in ethyl alcohol aad organic aolvem
>claadelam “W the folfowing structural formak 3,5.
rimethykycloheayi mandelare.
kcdorm CYCLOSPASMOLu an Ody &t@ vaeodihcc
‘he activity of this drug, aa meaaured by pharraam[~c
earaagainst various typer ofamaoth-maecla spasm prodnrt

y acerylcholim~ lietadne, end barium chloride, _

hatofpapaverine.partiddy in regardtotie naruocmp
umpoaent praduced by the amcylcbaliaa. Cyclamdelace

nuwrdorropi~ atting directly on mecular smmtb mud

nd bae no ai@irantadrenergic stimulating or bloekin
Ctioaa.
‘hedrug is not intended to subaticute for other appra~

W&al or suqcal prcgrama in the treatment of periphen
r cmbral macular diaaaaa.

Indiutiona
Based on a review ofthis drug by the Nadoaai Academy
of Scien-?Jationrd Resamch Cmnril and/or other

iaformatim PDA hm clasaifid the indications as fol-
10WX
“Pcdiy” eifacthw CYCL41SPASMOLia indicated for

adjuncrive ?Aerapy in intmmirtent claadicariou arze

rioacleroeis abliter-aaq thrombaptrfebitie (ti ronaml
aeaociared vawepmm $nd muxuiar isrhemiat nccmr-
aal leg cram~ Raymaud’s pknomenon: and for w-
lacted _ of iechemic cerebral macular diaeax.
Furni cias4&Xion of the leeidameffacrive indicaaoa-s
requirea further invatigation.

mttraiodiadmm CYCL#SPASMOL b coatraiadicata
case, of known hypemanaititityrnthedrug.
‘_L~mtidbdtitbaauem
~utioninP3ci.mtswithsevereoblibwaLWscarmmry~
cembral-vaecubrdiaeaee.tirerhereiaapramhilicyche
msediamwadareeamaybacampromieedbyvmdlsmr
kcuofthadmgehewhera.2 Uaeln PregnawTbeaaf~
‘cyclandeiata b use during pregnancy or Iewtacion haa no
m bliahd cberef% itshouldnotbemadinpregnan
Dmenarinwamanofchitdbemingagaunieee.inchejndg
eatofthepax itaw iadeemedakealureiyeaaamia
theweifareafthepatienL3..+hkmghnopruloagationo

eedingdme ”mbeeodemaaauated iahurnansin rlxra
!Uticdme$ee. it baa baea demonaoated in animala acver

tga b Therefore, the W of a prolong+ biee+q
xre ahauid be mrafolly canai&red when I
ciandalw.e m a oacient with amive bleedina or a biadm
ndenq. -
mcaudorm Since CYCLOSPASMOL(cydandelarei u ;
dilarnr, it should be used mtb amian in catieora bav-im
aucana.

dverse Buecciow Caacroiatemind dismaea[pyrm& pin
Id erumatiaru may omur with CYCLOSPASMOL k
mproma - inhquantly and are uauaUy add. Mb
nOR.enbeabcained bytd&gthemedirsrion wit.hmeaisa
Lbecrmmmcrant w of aataa&

ild flush. heddce. feeling of weakmes, or cachycamli

rnyomur. qmriaily duricrgtheti weska ofti
m.

maageand AR ‘.’ ciotEIt iaoflen adlaaragwusrA
itiara therapy at higher _ e.g.; lZlXl16CSl mg. pm

Y..@~fi-*befo=A andat~
henaclini draapone eirnowd.thedaaagc cauba&

- in ~ decrements uacil the maintenance*
reached- The mlual mainreaallce kaga of CYCL4XPAS

OL (qckdara )tibetweerr 4(Xland 6fXlmg. prr da!
reninhro co fourdividaddmes.
though obj~ a@e oftkrapeucit berm% may be ~
Id dramati mare &en. this imprwemenc - ~
Ly m weeks Of therapy. It ia auongly remnmrendea thm !
ew~~t~-~~tiefmbtmioduqb
===W. ~~rm w d CYCXA.SPASMOLis -y
rleli&L ImrtiitliMytobeOf anypmmrmen tvaiw
DW Supplied 4(N mg. blue and red qnulce m borriea ai

o. ma 332 Uui Clin@@, Umc Daae M&iicatxm ml
.-pInrleac2S19a7pSaf5).xk 3mg.blueqa ude3mbeu,hti
m. 500,and Xm,and clinipak@, unit Ooaey ‘“ -n
lcoca~ee(z!o~m-on lcolnqq? .tiiemule
m-lcodxo.
Litarecrun ATaihhiE

[CS,.%6Z T)lul?q

.5%awnul J+adcKt f&n@mMn &ctloA pa&411 :

I
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DIPHTHERIA AND TH’ANUS B
TOXOIDS

[d+the+wh and tat ‘ah-ma tok ‘raids ]

ADSORBED (PEDIATRIC]

durtrirwn Phaephata ●daorbed.

ULTRAFINED@

w~o= ~~= ~rbed on ~uarmm phaphawi
preaematiw ia 0.01% thimermal (memcry derivative).
HowSopptied Vi of 5 ml.; md O.%-rd.‘Rmsx@ Sterile
Carwi&Needle Unite, -of 10.
Forprunbinginforrcmtionwritsti RofmiamzlSerue Wy
ethLohvrctoriea,h 8299,Phifadelp&aPA 19101,orcan-
tact F lacol Wyrthrepreaen@tiL~

EQUAGESIC@ @g
[d “u+ w! ]

[mepmkaata with aepirm)

~om ~h tiiet Of ~~aaic mncaine ~ mg
mepro&eararaend 325 tog aspirin.
Actio= Mepmbmnata b a carharnate derivative which
has bean shown (in animal and/or human arudiea) to have
effects at multiple eitea in tie centm.1 nervous syatam, in-
cluding the thahmua aad limbic sym,.em.
Aspirim wetytaalicyiic acid, is a nonnarmtic analgeaic with
eatipyredc aad anti. Lorypropaczk.
IruUcatfo= As an adjuncc in the short-terra treatment of

pain mxompaniad by teaaion sad/or anxiety in patients with
muacatonkeletal -. Cliniczd &iala have demonatrad
that in thaaa situations relief of pain is somewhat greater
than with aspirin rdone.

The efkdvan- of Eqaageair in long-term use, that ia, more

than 4 OLOntbS. has nM been aaeeswd by systematic ciinicai
studies ‘The physician should periodirdly ~ the uee-
fulrmmof the drug fortheindividualpatient.
Cantraindicadou
AsPm.

poumia-
MXPBOBAMATE
Acute intermittent parphyria and aIIergic or idiaeyacmric
reacdam ta meprohaaraca or related mmpaunde, such aa
=*oL mebucamara, or carbromal.

ASPUUN:
_ s~d ba used rnth extreme caution in patienta
wrtb peptic ulcer, aathma, coagulation abnormalities, b~
_bbeti ~m K defimency, or in these on aati-
ys&t ~w.

meuuwea theuaeaf aeoirininoecxcona ailenricta
=;Ym~t in lifS-&eaLmiag.allergic e&ks.

DRUGDEPENDENCE Phyaicnldependence,psychological
&peadeerm,andabusebawcaurredChronicintoxication
hem pvlongedingestbnof, uauaUy, great.er-than-m.mm-
awndeddmw ismanifmted byataxia. slurred speech, and
_ Tbetiore. c=mfrd aupmiaion of done and amounca
preecded is* aa wdl se avuidaaca of prolonged ad-
~0. -y for almholi~ and mher petienta
with a ham propanai~ for taking exreaaiva quantities of
W
Sudden withdrawal of the drugna!ler:ralonged and exe
sivew may precipitate recurra re@ar@ symptom
such m anxiety, anamxia, ar inaamnia, or withdrawal reac-
tioaa * as mariti.ag, .atax& tremon muacla twitching.
mnfabrai stata. hallucinmsia, and, rarely, mnvulaive eei.
zarelsuchaaimrea are more likely w cccur in parsons with
mnhakrwwayatem damage or preexistent or latent can-
VufaiWdimrders Oneet of withdrawal Sympcoma UxUm
ueualfywithin12to 46haure ail.er diamntinuadon of mepm
eP~ptOrOS Uaueily cease within the next U&to 4E-

Wben excemive - ~ mntinued for weeks or monr.ha.
dmagaahauld breducvdgraduaUy overapericdof I to7,
weeks rather than abruptly ampgd. Altern.advely, a sbart-
X ~i~ my be eukatituted. then ~oally with-
drawn.
POTWTMUY HAZARDOUS TASKS:Patienceshouldbe
warnedthatmepraknatamayimpairthementalorphyai-
atl abiiitiee rmuired for aerformanca of mmntiallv hazmrd-
WJttimsaci aa &iv& or Opemring AhiIlery’.

EPPEfXS: Siice CXS-aupp~c effecra oc-
~ and almhoi or meprahanrwe and ocher p+sy-
cbotro@cdrnge may ba additiv+ appropfica caucion ahmdd
beexermd mthpeuercm whatak,2 more Lhanoneofthaea
ageam aimdbrleoualy.

USAGE IN PREGNANCY
AND LA CTA170N

An i~ risk of caneetritd -I*- ●-red
m U9 Uaoi Mirloruarquiiii (~~chlnrdieZ-
~acrd~ml during drefirn Uimeamrofm



Bcnzy! Nicotinate/Cyclandelate 1617

NTti4rkt HyhzMnzMs TMeta (LLS.P.J.Table[s eomairs.
ing bupheninc hydrochloride. StQrc in airtight eontajn.

crs.

Proprietary Names

Arlibidc (US Wram/m ,4rg.); Arlidin (USK Canad,;
US V Phurmaceufical Corp., fJSA), Bufcxh (Cedonu,

_- Neth.); Dilatol (Troporz, Ger,); Dil ydrin (Medichemie,
Switz.): Opino (ffayropharm. Ital.); Penitardon (Woslm.

Ger. ); Pervadil (/C.M, Carrud.). Toccdrin (Mcdicherrzie.
Switz.).

Bupheninc hydrcwhloride was formerly marketed in

Grrat Britain under the proprietary nnmc Psrdilatal

Forte (Smith & Nrphrrv Pharmaceuticals).

9215-s

BtstalnmirreHydrochloride. LA 1221,AW-Dibutyl-

N’-(3-phenyl- 1,2,4-oxadiazol- 5-yl)ethylenediamine hydro-
chloride.
C H N 0HCI=352,9.18284.

CAS — 22131 -J5-7 (butalaminc); 56974-464 (hydr@
chloride).

A white crystalline powder. M.p. 135° to 141”. Sokbke
I in 7 of water, I m 10 of alcohol. and 1 in 2.5 of

chloroform.

Butalamine hydrochloride is a vasodilator which has

been given in the treatment of psriphcral vaacular diz-
os-sfera.

Pr@etzry Nmmss

Adrcvil (Zyma. Ger.); Hemmrope (Andromoco, Arg.):
Surcm (C.EPA. Spain); Surhame (Armr, Fr.: $wrtra,
//0/.).

9216-w

BtetoxyetftylNlesstksate.2-Butoxyethyl nicotinatc.

C12HI,N0, -223.3.

CAS — 13912-80.6.

Butoxyetbyl nieotinate is a topiczd vasodilator ussd, in a

-ntration of 2.5%, in rubefacient oinlmen(s.—-.

ProprketsryPrqsarctiona

SeeunderMethyl Nieotinate. p.1626..

9217-c

CetkdilCkmte.2-( Perhydroazepin. 1-yl)etbyl a-cyclo-
Izexyl-a-( 3-thicnyl)acctate dihydrogen citrate mow

hydrate.
C20H,,N02S,C,HR0,, H:O=559.7.

CAS — 14/76-10-4 (cetiedil); 1628649-4 (citraw.
anhydrour),

Cetiedil cdrate is a vasodilator which has been givem in
the treatment of peripheral vaaeular disorders.

After intravenous injection of radioactively Iabclkd
cetiedil, 5096 of the doas was metabolised within 5

minutes, and after 1 hour only Iabellcd metabotites were
recovered from the urine. Cctiedil was also shown to bz
rzpidly me!aboliasd after administration by mouth, and
after first pzss through the liver only metabolizes would
enter the general circulatkm [t was concluded that the
mcmlmli!es of c.etiedil were active as inhibition of saliva
secretion pcrsiatsd when cctiedil could no longer be
detectsd in plasma.— A M. Sosicrksk ●t al.. Eur. J.
clirr. Pharmac, 1977, 12, 205.

,4sthmu. References to bronchodilator activi!y of cetiedil

citrate. J. Orchck ●( al., IVOUV Prtme mid., 1976, 5,
1577: Y. W, Cho e; al.. Iw. 3. chn. Pharmac Bic-
pharm 1978, 16, 402,

Peripheral vascular digordtrs. An evalua t ion of set iedil,

administered intravenously, intramuscularly, or by
moulh, in Ihe treatment of pen hcral vascular dizord.

rem- R. B.srbz et al., Cl[n Trio T J, 1980, 17, 20,

Proprietary Names
Stratenc (Innothira, Fr : Sigmatau. ftul.).

921S-1

Clsromotaar Hydrochloride. CarbocromenHydro-
chloride; A27053: AG 3; Cassella 4489 Ethyl 3-(2-die-

thylaminccthyl )-4-methylccmmarm-7-yloxyacetate hydr~
chloride.
CmH2,NO:,HCl = 397.9.

CAS — 804-10-4 ichrornonar): 6SS-35-6 (hydr*
chloride).

A white crystalline powder with a bitter taste. M.p.
about 159”. SoSubte in water. alcohol, and chloroform.

Chromonar hydrochloride is a vmodilator which has
been used in the prophylaxis of angina psetaria.

For reports of pharmacological studies, ses R. t?. Nitz
and E. Potmch, Arzneiwzitte/-Farsch.. 1%3, 13. 243: W.
Lochncr and H. Hirche, ibid., 251; H. J. Brewshneider
●; al.. ibid., M5.

Absorption, bleed emtcentrations, and excretion of chm
monar.— Y. C. Martin and R. -G. Wiegand, J. pharm.
Scf., 1970, 59, 1313.

Cfirdiae ifsardrrz. A multicentre double-blind crossover
study of 187 patients with angion psctoris who received
chmmonar for 8 wzeka (79 paticntz) or 12 weeks (108
patients) at a dosage of 150 mg thrim daily (73
patients) or 225 mg thrice daily ([14 patients)denson-
atrated significant prsvcntion of anginsl attacks by the
lower dese, and improvement in attack-rate and glycetyl

!rinitrate requirement by the higher dose although the
higher dose failed 10 show any advantage over placebo
when the glyceryl trinitmte rquiremcnt was son@idercd

alone.— R. J. Bing et 01., Clin. Phszrmac, The?,, 1974,
16, 4. See also H. )3s11 er al., ibid., 1968, 9, 40.
Further reference: G. Faucon et al., Th4mpie, 1975,
30. 185; E. Schraven, ArzrreinriueI-Forsch., 1976, 26,
197; E. Schraven et al., ibid., 2@3; R. Sirbukssu ef al.,
ibid., 204; N. N. Kipsidze and G. M Kikava, ibid.,
1976, 26.882.

Pro~etuy Names
Anliangor (lSM. ital.); Cardiocap (Fidia, Ital.);
Crorncru (Scharper, Ital./; [ntenzain (Ctzssello-Riedel,
Belg.; Diamant, Fr.; Camella-Riede[, Ger.; Pierre/, Ital.;
lap. ,Bwhringrr h4armheim, S. AJr., Albert-Forma,
Spaim Cas$e//u-Ricdel, Swifz ): Intcnsacronz (A/berI-
Forrrra. Sfroiti).

9219-y

Cksepsazet Makxte. Cinepazic Acid Ethyl Ester
Malealc. Et hy! 4-( 3.4,5-trimet hox ycinnamoyl )pipcr-
azin- I -ylacetate hydrogen maleate,
C20HZ$N10,,C4H40, - 508,5.

CAS — 23887-41-4 (cinepazer); S0679-07-7 (maleate).

A whi;e ~wder, M.p, 130”.

Cincpazet malcate is a vasodilalor which has been used
in the treatment of angina pemoris.

Aborption and fate of cinepazet in man. Moat of a dose
given by mouth was eliminated within 24 hours, 60%
bsing excreted in the urine. The major metabolize was
cincpazic acid.— L. F. Chasseaud er al., Arznuimit-
/c/-ForscA. 1972, 22, 2003.

Proprietary Nnw
Vascoril (Delolande, L7elg.; Ds/alandc, Fr.. Delalande,
Ifal.. Delatande. Switz,J,

9220-g

Cksepazide Mak$te. I-(pyrrolidin- l-ylcarbonytmc-
thyl)-4-( 3,4,5-t rimethoxycinna moyl)pipcrazinc hydrogcn
malcate.
C}~Hll N,0$,C,H40, -533.6

CAS — 23887-46-9 (cinepaztde); 2632$-04- I (maleare).

Cinepazidc malrate is a vascdilator which has been
given in psriphcral and cerebral vascular disorders and
in coronarv insufficicncv
Pharmacof’ogy in o m~lr.- B Pourrias a al.. Th4r.
apie. 1974. 29. 29 and 43
Pmpdetary Names
Vamdista I (Delalande. F, ; Dela!ande, /to[.; Dekzlande,
Suirr ),

9221q

~oridarot. Cloben(urol. a-( Benzofuran-2-yl) -a-(4-
chlorophenyl)mcthanol.
C4fHllC102-258.7.

CAS — 361 I-72-I.

A white cdourlcss crystalline fmwder, M,p. about 48°

Cloridarol has been givcrr in the prevention and treat-
ment of coromary inzufticiency.

PropzketszyNam
Cordium (Massarze, Arg.); .ticnaeor (Mena?tni, Ital.);
Merrozicor (Mrnarirzf, Spatn).

9222-p

sf#H%?5:atY5-Tri-
C1,H~40)=2764.

CAS — 456-59-7.

A white to off-white amorphous powder with a
slight menthol-like odour and a bitter taste. M.p.
below 60°. On storage i( may sublime into a
crystalline form rcsembli ng cotton wool.
Practically kssolrabk in watcn soluble 1 in about
1 of alcohol and 1 in about 2 of light petroleum;
very soluble in ether and other common organic
solvents. Store in a cool place in airtight contain-
ers. Proteet from Iight.

Adverse Efketa. Nauzea, gastro-intestinal dis-
tress, or flushing may follow high doses of
cyciandelate.
Other adverse effects reported include tingling
and headache.
Toxicity of syclmrdeiate was low, though with large
dosea there might be flushing. tingling, nausra, or
headache.— T. Winsor and C Hyman, C/in. Plmrrmrc.
Ther., 1%1, 2, 652.

Tmtmesst of AstveraeEffects. In severe over-

dmage the stomach should be emptied by aspira-

tion and ‘avagc’ ‘f ‘Cces%? “the Circu’a’ionshould be mamtalned with tn uslons of stutable
electrolytca, and if neeessary by vasopressors.

Preemstkoata.Cyclandelate is contra-indicated in
the acute phase of a cerebrovascular accident.

Uses. Cyclandelate is a vasodilator used in the
trcatmenl of cerebrovaaeular and
vascular disorders. It is given in a E’$%
1.6 g dailyin divided dos~.

Actiom AnimaI studies into the mode of action of
cyclandelate: A, B, H. Funckc ef al., Ctmr. med. Res
Opinion. 1974, 2, 37 (brain glucose uptake); G. van
HeII, Curr. med. Rcs. Op/niorr. 1974. 2, 211 (collateral
vessel formation).

Cere6ramscnler disemr. %veral double-blind studies of
cyclandelatc have shown improvement in orientation,
disturbed bchaviour, and vocabulary without improve-
ment in self-care, recent memory, or mood. Never[ he-
lesa, the overall results are inconsistent. and improvc-
mems in clinical arrd psychological testz arc not alwayz
matched by useful changes in the activities of daily liv-
ing.— Br. med. J., 1978, 2, 348. Set also Drug & Ther.
Bull., 1975, /3, 85. Further reviews: Med. f.efi , 1976,
/8, 38; P. Cook and 1. James, N~w Eng/. J Med.. 1981.
305, 1508 and 1560.

Individual reports and studies on the role of cyclandelate
in cxrcbrowsscular discazc J. Young ● af . Br J Psy-
chiat., 1974, 124. 177: P Hall. J. Am. Geriaf Sm.,
1976, 24, 41; G Davies er al,, Age and Ageing. 1977, 6.
156, D. B. Rao e( al.. J. Am Geria( SW., 1977, 25,
548; R Brasssur, Angio/ogy 1978, 29. 121: B. Capote
and ?4. Parikh. J. Am. Geriaf. Ser., 1978, 26, 3~, G.

‘“A ‘ardi”g “ a’”’ ‘a*OIOF ‘978’ 29’’39’ ‘“ ‘O”r-andcr and C. B. Blakcmorc, I fd., 133.

Diabetic retinopathy. In a double-blind randomised
study deterioration or the bl~-retinal barrier was
asscsaedin 22 diabstic patients. without retinal involve-
ment, by vitreous ftuoropbotomr. try after ths injsction of
fluorcaccin, It was considered that deterioration of the
bled.retinal harrier, an early sign of diabstic rclinop+-
thy. was delayed in the third month in thaw patients

given cyclandelate 400 mg four times daily for 3
months Lang-term studies were considered to bc indi-
ca!cd.— J. G. Cunha-Vaz er al , Br. J Ophthal., 1977,
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3. Physical Properties
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6.6 Thin Layer Chromatography

7. Identity
8. References

CYCLANDELATE

1. Description
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 (r-phenyl-a-hydroxyacetate Trade names
include, Cyclospasmol, Natil, Novodil, Perebral, and
Spasmocyclon (l). The Chemical Abstracts number is 456-59-7.

1.2 APt)earance, Color and Odor
Cyclandelate is a white to off-white amorphous

powder with a slight menthol-like odor.

3

c17H2403

I
M. W. 276.36

2. Synthesis
Trimethylcyclohexyl mandelate was first synthesized by

reacting gi_J-mandelicacid with 3,3,5-trimethyl cyclohexanol
(consisting of cis and trans isomers) (2,3,4). Cyclandel ate
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, trimethylcyclohexylphenyl
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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I54 CHARLES M. SHEARER

3. Physical Properties
3.1 Nuclear Ma~netic Resonance Soectra

The four isomers which make up cyclandelate arise
in the synthesis from the reaction of fl-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 s R R
B R s s
c R R R
D s s s

-------- ------- ------- ----- ----- ----- ----- _____---------- ----
a) The cyclohexanol moieties of A,C and B,D are levorotatory
and dextrorotatory, 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 Soectrum
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.

I

CYCLANDELA”rE 155

1. . .:>. , ...:,,.,,
4000 3000 2000 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 S~ectral Assignments of Cvclandelate

Chemical Shift Number of Assignment
$p~m from TMS) Protons

5 Aromatic C~
5:10 d 1 E-C-OH
4.95 m 1 ~-c-oc
3.47 exchangeable 1 u-o
2.1 - 0.6 17 Aliphatic Cti,CH , CH3

0.94 s gem Cli3 (AB pai?)
0.88 s gem CI-13 (CD pair)
0.84d (J = 6) HC-CH3 (AB pair)
0.91 d (J = 6) HC-Cti3 (CD pair)

Table III
Carbon-13 NMR S~ectral Assignments for Cvclandelate

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 Spectral 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

CYCLANDELATE

3.3 Ultraviolet Spectrum
The ultraviolet spectrum of

157

cyclandelate (Wyeth-
Ayerst Reference Standard No. 1361 rec~ystallized 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 oa57 1:75
258 0.73 2020
251 0.59 1630

3.4 Mass SDectrum
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 SDectrum Fragmentation Pattern of Cyclandelate

m/e Species

276 M+

125 C9H17+

107 c6H5cH0H+

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.
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(Wyeth-Ayerst Reference Standard No.
1361)



II !

,,#)
160 CHARLES M. 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 Solubilitv
The following solubities at room temperature have

been observed (16).

USP Classifications:
Solvent Volubility
Water insouble
Methanol very soluble
Acetonitrile freely soluble
Ethyl acetate freely soluble
Dimethylformamide freely soluble
Toluene freely soluble
Chloroform very soluble

3,8 Crvstal Pror)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.

Table VI
X-Ray Diffraction Pattern

U. d
U:

19.04 100 4.72 69
11.72 4 4.56 11

9.55 5 4.42 14
7.80 40 3.99 32
7.34 34 3.90
6.77 15 3.85 ;:
6.11 21 3.77 17
5.59 13 3.71 15
5.27 9 3.57 8
4.97 71 ? GK n

o
x
w

CYCLANDELATE

‘1
)

f

I 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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National Library of Medicine: IGM Results Screen

Citations 1 to 7 of 7 from MEDLINE 1995-98

~ TITLE: Cvclandelate in the mana~ement of tinnitus: a randomized,

/ (4 p

Iacebo-controlled studv.

AUTHOR: Hester TO; Theilman G; Green W; Jones RO
\
“ AUTHOR

u
Division of Otolaryngology-Head and Neck Surgery, University of

AFFILIATION: Kentucky Chandler Medical Center, Lexington 40536-0084, USA.

SOURCE: Otolaryngol Head Neck Surg 1998 Matyl 18(3 Pt 1):329-32

NLM CIT. ID: 98186341 (abstract present)

~ TITLE: Functional ima~in~ of headache - first stens in an obiective

—-
(“

uantitative classification of miswaine.

?AUTHOR: ‘ Sauer S; Schellenberg R; Hofmann HC; Dimpfel W

AUTHOR Pro Science Private Research Institute GmbH, med. Forschung
AFFILIATION: und Entwicklung, Kurt-Schumacher-Str. 9, Linden D-35440,

Germany.

SOURCE: Eur J Med Res 1997 Sep 29;2(9):367-76

NLM CIT. ID: 97447882 (abstract present)

H TITLE: InaD~rorwiate medication ~rescribin~ for the elderlv by

c
\

office-based Rhvsicians.

AUTHOR Aparasu ~ Fliginger SE

AUTHOR College of Pharmacy, South Dakota State University, Brookings
AFFILIATION: 57007 USA. aparasur@mg.sdstate.edu

SOURCE: Ann Pharmacother 1997 Jul-Aug;31(7-8) :823-9

NLM CIT. ID: 97363746 (abstract present)
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D TITLE:

J

Pathor)hvsiolo~ and rwcho~harmacolozv of dementia--a new

h

studv desire. 2. Cvclandelate treatment-a dacebo-controlled
double-blind clinical trial.
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AUTHOR: Schellenberg R; Todorova A; Wedekind W; Schober F; Dimpfel
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AUTHOR Pro Science Private Research Institute GmbH, Linden, Germany.
AFFILIATION:

SOURCE: Neuropsychobiology 1997; 35(3) :132-42

NLM CIT. ID: 97313717 (abstract present)

D TITLE:

4

~Miiwain&-dia~nosis, differential diagnosis and theranv~

AUTHOR Diener HC

AUTHOR Klinik und Poliklinik fur Neurologie, Universitat Essen.
AFFILIATION:

SOURCE: Ther Umsch 1997 Feb;54(2):64-70

NLM CIT. H): 97213591 (abstract present)

/

J4H TITLE:
parallel, double-blind studv in comr)arison with tdacebo and
Cvclandelate in the moRhvIaxis of miwaine: a randomized,

prorwanolol. The Study z roum

AUTHOR Diener HC; Foh M; Iaccarino C; Wessely P; Isler H; Strenge H;
Fischer M; Wedekind W; Taneri Z

AUTHOR Department of Neurology, Universities of Essen, Germany._-——
AFFILIATION:

SOURCE: Cephalalgia 1996 Oct;16(6):441-7

NLM CIT. ID: 97057925 (abstract present)

n TITLE:

<

Cvclandelate versus Rrotwanolol in the woDhvlaxis of migraine--a
double-blind l’)lacebo-controlled studv.

AUTHOR: Gerber WD; Schellenberg R; Thorn M; Haufe C; Bolsche F;
Wedekind W; Niederberger U; Soyka D

AUTHOR Department of Medical Psychology, University of Kiel, Germany.
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National Library of Medicine: IGM Full Record Screen

TITLE: Effect of cyclospasmol on early diabetic retinopathy.

AUTHOR Mota MC; Leite E; Russ MA; Verjans HL; Blakemore CB; Cunha-Vaz JG

SOURCE: Int Ophthalmol 1987 Feb; 10(1):3-9

NLM CIT. ID: 87164769

ABSTRACT:

.———=

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)
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ABSTRACT:
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MAIN MESH
SUBJECTS:

ADDITIONAL
MESH
SUBJECTS:

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 etllcacy 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 = 50%
respondem) 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 (42.3Yo) 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; propranolol: 34.4 h, p = 0.039) compared
to placebo (13.7 h) without reaching statistical significance (alpha/2=
0.025). The clinical efficacy of cyclandelate and propranolol was
comparable. Adverse experiences were reported by 13 patients (16.0°/0)
treated with cyclandelate by 5 patients (9.lYo) treated with placebo and by
19 patients (24.4Yo) treated with propranolol. These were drug-related in
7.l% (n= 6) of patients treated with cyclandelate and in 9% (n = 7) of
patients treated with propranolol. In summary, cyclandelate has a
comparable efficacy to that of propranolol, an established drug of first
choice in the prophylaxis of migraine. - rugs were better t~5
but not significantly so. Both active treatments were well tolerated.
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Treatment of early diabetic
with cyclandelate
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Repfintedwith permission

British Journal of Ophthalmology, 1977, 61, 399404 through the Copyright
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retinopathy

AND J. R. B. HAG ENOUW

From the Deparlmenr OJOphthalmology, University o! Coimbra, Coimbra, Portugal, and the
Department of Medicaf Affairs, Gisl-Brocades NV, Delf[, Holland

SUMMARY In order to assess the effect of cyclandelare 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-
photometry. Each patient was examined before being involved in the trial and then another 3 times
with 1 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 fluoresceirs penetration into the vitreous suffered a significant decrease in the diabetic
F=Q~ts treated with cyclandelate when compared to the patients submitted to placebo administra-~. ‘-wtdthis effect is particularly apparent in the third month of treatment.

It is now widely recognised that the major problem
in diafxtes 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.Itsdetectional a reversiblestageand its
lmmedialeand effective treatment would & 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 er al., 1975). This was made possible by
the introduction of vitreous tluorophotometry, 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

~ t~U,j~V= ~Up~fl&jbyr~carch grant CMC 8 from rhe ]nstituto

-S’”%1 CulwlmPortugal.

.s.s for rcprin~: Professor Jo+ Cunha.Vaz, Clinics Oftalmo-
lbgic~ Hospitais da U“ivemidadc de Coimbr& Celas, Coimbra.
POrlugaL

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 oxygendependent 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
diwase.

Cyclandelate was the drug chosen for this trial
because it has been shown to have a protective action
against brain hypoxia (Funcke er al., 1974). In the
past 10 years a numb 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 patien[streatedwith the drug has been
noted by Drift (1961), Ball and Taylor (1967), and
others. T?ese studies pointed, however, to an effect
or effects of the drug on cerebral metabolism other
than those indicated by a direct action on the tone of
cerebral blood vessels. It has, indeed, been shown
recently that cyclandelate enhances the resistance of
rats and mim to hypoxia and attenuates or prevents
the disturbances in the EEG of rats due to lack of
oxygen (Funcke ei 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 eerebrovascular
insutliciency 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 assessthe
effect of cyciandelate 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.

lMethod and 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
ophthalmoseopic and slit-lamp pictures, and normal
retinal fluoreseein angiography were admitted to
the population.

Patients were admitted to the trial in 12 pairs.
One member of each pair was treated with cyclande-
Iate 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
thew pairs dropped out, however, only in the last
month of the trial and could not be repiaeed. 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
400 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 the 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 oj [he permeability 0[ the blood-retinal
barrier
The permeability of the blood-retinal barrier was
assessed by vitreous fluorophotometry (Cunha-Vaz

.,
r:

“’~F
.:.

Cuttha-Vaz,J. Reir Fonseca,andJ. R. B. Hagk,,
+,:

et al., 1975). The apparatus consisted esserttiaUy<&”
model 360 Haag-Streit slit-lamp which was modii
by adapting a new sourct of illumination, appr~
ate filters, a photometric deteetion system, and
devict for electrical registration of the movement ~
the instrument. Each patient was assessed 4 ti~
the first, &fore being involved in the trial, t}
second. at the end of the first month, the third at tt
end of the wcond month, and the fourth after tk
3-month treatment. For these examinations
10ml intravenous injection of 10°0 sodium fluort
stein was immediately followed by fluor~nc
angiography, performed with the ToPeon TRC-F
and by vitreous fiuorophotometry [ hour later, ~
fluorophotometric curves were reeorded by
Polaroid camera. Because the Valuesh the anteno
vitreous, near the lens, are variable and infiuenea
by fluoreseein penetration through anterior routes
only the posterior half of the curve was ana~ysed
The lower area A as indicated in Fig. I was roughl:
integrated, this value representing a true value of tht
concentration of ffuoreseein in the posterior vitreous

The values obtained for these areas in each patien
are presented in Table 1. These areas were namec
Aa, Al, AZ, and As, according to the occasion 01
their recording, before the trial, after the 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 eacf
group of patients were first compared in order tc
detect any general difference in behaviour betweer
the 2 groups.

f (x) 1

A ‘~

L——---L..
D[ST.LYCE .ACROSS VT1’REOt-S

x

Fig. I T,vpical fluorophotometric curve. The lower area,
A under the curve represents a rrue value of (he
concentration oJJ7uorescein in the pos[erior vitreous

A+’-%
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Table 1 Values olfluorrxcein penetration imo [he posterior vitreous in the 4 examinations during ~he3-nkmrh mial

P&lce60 Cyr/ande/are

Fluorcscem prnrrrqtion F[uoresccin prnefrafton

s. .Vo. .41?r:sex Clvrical s. !50. .Agt- sex Chnical
.4, .4, A, A, information A, A, A, A, in/OrmOriOn

1 W:F 6 I 73 92 92 2
4

59, F 37 67 83 75
50 F 5441 69 70 3 801F 93 94 119 102

6 47M 44 40 66 59 5 51:F 48 59 94 97
8 42 F 33 67 57 84 7 55)M 46 63 91 91 Minimal hard

exudates
9 331F 67 65 66 69 10 26F 54 79 47 48

]~ 66/M 7.5 76 84 96 II 57/M 62 60 7 I 49
]5 64F 39 59 92 103 Minimal hard exudates 16 42’F 78 60 70 54

441M 44 40 55 5.5 17
: 4.6[F 36

tiF 47 70 82 82
60 102 91

21
19 W’F 46 61 76 65

49’M 17 37 53 76 Hard exudams: si8ns of :2 50 F 22 36 75 49
leakage on angiograph!

26 42;F 4 B 40 87 10.0 Signs of leakage on ~~ 61 ‘F 60 64 77 67

angiography
Mean 4a9 551 74a 814 539 648 805 70s

The parameter that was used to test efficacy of
the drug v. the placebo was the difference between
t,lw.. Duo-in con~ntmtions in the posterior

.-~us at * final examination, represented by AX,
he fluoresce concentrations at the previous

●.. ..s (A,, Al, and A.).
For each pat ient (II drug, 11 placebo) [hese

differences (A3 - & Aa - Al, and As - A2) were
subjected to statistical analysis, A final complement-
ary analysis was made taking into account
simultaneously for each patient, the differences
Al – Ae and A3 – Az, in order to highlight the
corrective action of the drug on the abnormal
permeability of the blood-retinal barrier. Al - AO
represents the natural evolution of the disease, the
effect of treatment being then minima}; As - Ai
represents best the effect of treatment.

The following standard statistical methods were
~d: Student’s { test and standard deviation.

CLIX ICAL 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 /he permeability of the blood-retinal
barrier b} vifreous fluoropholome(ry
The mean values of the areas under the fluoro-
photometric curves, representing the fluorescein
penetration into the posterior half of the vitreous,

-~ained from each patient (11 placebo, 11 cyclan -
.- -te) and from the 4 examinations were graphically

,ted (Fig. 2). The figure shows a well-defined
pattern of progrmsive increase in the permeability

Fig, 2 Pa[terns o~fluorescein penetration into the
posterior virreous, in placebo and cyclandela~e rrea[ed
pafiems, during the 3-month trial

—Cyclandelate

-----Placebo
11

1 , r I
1 2 3

MONTEK

of the blood-retinalbarrier,wellevidenced 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 [bird month
of treatment in the patients reseiving 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 Dl~erences in fluorescein penetration into the
posferior vitreousbetween the /ast (Aa) and (he initial
examination (AJ

Table 4 D@erences in flwrescein penetration into &:~
posrerior vitreous between the end of the trial (A,) @
the end of the second month (AJ ..Y;.<,

Placebo Cyclmdelale

Series .Vo. A. -.4, Se rips ,Vo. A, - A,

1 ~Jl 2 -38-
4 -16 3 – 09
6 –15 5 – 49
8 –51 7 –45
9 –02 10 -06

12 _’J. , II -1.3
15 –44 16 -24
18 –1.1 17 –35
20 –55 19 –19
21 –59 21 –27
26 -52 15 –07
SMan –12 –16
z SD =0616 =0736

t = 1.74; DF = 20;O1<P>O.05

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 (AJ and the
initial examination (Ao) are significantly different at
the 10°~ level between the 2 groups of patients,
placebo and cyclandelate (f= 174; DF==20;0.1
<P> O.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 third
examinations, after 1 and 2 months of treatment,
respectively. The differences between the last visit
and the second examination (A3 – Al), between the
2 groups of patients, are significant at the 2~&level
(/=27; DF=20; 0.02< P>OOl ; Table 3). Finally,

Table 3 Differences in j?uorescein penetration info the
posterior vitreous between (he end of [he trial (AJ and
ihe end of (he first month (A()

Placebo Cychndt%te

Series ,Vo. A.-A, Series .Vo. A.-.4,

[ –19 1 –08
4 _ ~.g 3 -08
6 -19 5 –38
8 –17 7 – 28
9 –o 4 10 -31

12 —~.o II -11
15 –44 16 -06
18 –15 17 –12
20 –23 19 – 04
21 -39 22 –13
26 – 60 25 -03
Mean – 26 -06
=SD =0475 =0534

t =27; DF = 20; O02<P;,001.

Placebo CycIandelate

Series .Vo, A, - A, Se7ies ,Vo. A, - A,

1 0 2 -08
4 –0.1 3 -[7
6 -07 5 –03
8 – 2.7 7 0
9 -03 10 –01

12 –12 II -22
[5 -[[ 16 -16
18 0 [7 o
2Q -11 19 -11
21 -23 22 -26
26 –[3 25 -10
Mean - 06S - 0%
.SD =0357 =0-298

f = 36; DF = 20; 0005< P>04301.

the differences between the final observation an,
the third examination (A. – A2) show a high]
significant difference between the 2 groups c
patients (f=36; DF=20;0035<P>O@t31 ; Table4:
These results show clearly that cyclandelate has ;
beneficial effect upon the breakdown of the b[ood
retinal barrier which is present in the early stage
of diabetic retinopathy, preventing its progressive
increase, well evidenced in patients receiving placeh
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 (A3 – A2) and the firs
month (At - AO),i.e. (Aj – A2)– (Al – AO)betweer
the 2 groups. The statistical analysis of thest
differences shows a highly significant difTerenct
between the 2 groups (1=44; DF=20; P<O@Ol :
Table 5).

These results indicate clearly that the breakdowr
of the blood-retinal barrier as e~idenced by tht
degree of abnormal fluorescein penetration into thi
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 particularly
apparent after 2 months of treatment.

CLINICAL 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 patien!
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Table 5 Dificrcnre~ ;n fluoresrein pe,v~:rori,?~ berneen [he lhird tnonrh of [he [rial (A, -.42 ) and [he Jirs[ monfh

‘A1-AO)

Placebo Cyc/arde/.o/e

Serw5 Yo. .4; -.4. .4, -.40 D@erenrc Series .\”o. Az-A, .4, -A, Du7crence

1
4
6
8
9
12
Is
18
20
21
26
Mean
SD

o
–01
-o-
—:,-
–03
–06
–1 I

o
–II
—21
-13

–12
-13
-04
–34
-02
-01

0
-04
-32
– ~.1)
-08

-1:
-!2
.01
-o”
-OS
–05
–11
-04
_~. ,
-03
_of
-002
=(-1302

~
1
5
7

10
11
16
17
19
22
25

-08
17

:03
0

–o I
_22

-16
0

-II
_~.6

-10

-30
–o I
–II
-17
–25
_oJ

-18
–23
-j$

–14
–04

-38
-18
-08
.17

-26
_ Z.(J

–02
-21

-26
-40

-14
-2137

=0 455

f =44; DF _ 20; P. 0001,

during the entire trial. Ophthalmoscopically and
angiographically, however, slight changes developed
in the fundi of 3 patients remiving placebo and in
1 patient receiving cyclandelate (Table 1). These
m. \ded the development of minimal hard exuda[es

ome angiographical evidence of fluorescein
age. The angiographical changes were obsened

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 cyclandelate. An overall clinical
impression was, therefore, obtained of more marked
progression of the retinal involvement in the
diabelics not receiving cyclandelate.

SIDE-EFFECTS

Two patients complained of nausea. This was

sufficien[ to provoke in 1 patient discontinuation of
treatment and the consequent dropping out of the
respective pair and its substitution with a new pair.
It is interesting. howeier, to note that the second
pa~ient who complained of nausea was receiving the
placebo capsules.

Discussion

The present trial has shown that cyclandela[e in
doses of 400 mg capsule, 4 times daily, git’en for 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 re[inal in\ol\e-
men[ in diabetes. The use of vi[reous ffuorophoro-
metry. a clinical quantitative method of evaluation
of the permeability of the blood-retinal barrier,

‘lowed the results LO be subjected to statistical

=—- lysis. This showed that the progressive deteriora-
.~ of the blood-retinal barrier observed in the

ulabetic patients receiving placebo capsules during

the 3-month trial was arrested in the patients
receiving cyclandelate. This beneficial effect of
cyciandelate 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 disase 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 retinopalhy 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
protective action of the drug against hypoxia
(Funcke er a/., 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 txneficial effecl, according to recent
personal observations (Cunha-\’az er 01., 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-
clandelate in early diabetic retinal intolvemenf
suppor(s the work of Dirzel and Standl ( 1975a, b)
and substantiates ~he 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

!1
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these variations in tissue oxygen
general phenomenon of paramount

J. G. Cunha- Vaz, J. Reis F’onseca,and J. R. B. Hagenou~

tension are a

importance in

every vascular complication of diabetes or if they
assume a particular significance in the retina, a
tissue well known for its high metabolic needs.

Our thanks 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. Jo~o Coelho for secretarial help.
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Dinner HC, Foh M, laccarinoC,WesselyP,lslerH,StrengeH,FischerM, WedekindW,TanenZ.Cyclandelate
intheprophylaxisofmigraine:a randomized,parallel,double-blindstudyin comparison with placebo and
propranolol. Cephalalgia 1996; 16:441 -7, Oslo. EN 033>1024

Cyclandelate inhibits calcium-induced contraction of vascular smooth muscle ceUs, platelet aggregation
induced bv thrombin, platelet-activating-factor and adenosine, and also suppresses a provoked 5HT release
from plat~lets. This pharmacological profile suggests that cyc]andelate may have a potential prophylactic
effect in migraine To test this hypothesis, a double-blind multicentre study was performed U-I214 patients
to in!,estigate the efficacy and tolerabilih of cyclandelate compared to placebo and propranolol. After a 4-
week baseline period, eligible patients (randomization 3:2: 3) were treatd for 12 weeks n-ith daily doses
of 1.200 mg cyclandelate (n= 81), placebo (n= 55) or 120 mg propranolol (n= 78). The number of migraine
attacks (=50% 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 >50% treated with cyclandelate (37.0%) or prnpranolol (42.3%) was not significantly
superior to placebo (30.9%; p> O.025). The mean duration ofmigraineinhours (h) per month decreased m
both active treatment groups (cyclandelate: 36.8 h, p= O.046; proprar-dol: 34.4 h, p= O.039) comparwd to
placebo (13.7 h) without reaching statistical significance (a/2= 0.OX). The clinical efficacy of cyclandelate
and propranolol was comparable. Adverse experiences were reported by 13 patients (16.0’%) 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 9% (rI=7) of patients
treated uith 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 actrve treatments wer& well tolerated. ❑ Cycfwrdelate, double-blind, placebo, proprarrolol,
prophylaxis of migraine, tolerability
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Patients ~’ith frequent, prolonged and severe
migraine attacks require migraine prophylaxis. A
Muction in the frequencv of attacks and the dura-
tion of migraine are two [mportant aims. The mode
of actionof most drugs used in migraine prophylaxis
~ notknown, 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
—

●Mcdica) concliltfirlt Haag, c., Windach P,7rflcrl~t[~r~ frml ccnlres:
~krnann-Reinho]dt, A (n =29) ;’K6nlgstein, Langohr, H.H
/FOh. M. (rr=26) Fulcla; Iaccanno, C. [n=24),’!iaples( l),
-t, F (.=21 )/PuIsnitz, Tancri, Z./Thmr,, M. ~~l=lt3)/D.&bq
bly, P, (n= 16)/\’ienna(A), Me\er, Chr (n= 11)/Baden (CH),
&Jp, G.E, (n.9)/Hofiefi a.T,; D&er, H.C. j?vlay, A. (n=8)kwr;

‘~, W. (n =8)/ %hopfhe]m; Mer, H. /Lutz, J. (n= 8)/ Ztirich(CH);
“’%.= m t, M.J. (rr=8)/Mainz; Scholz, E. (n=7)/’Bobhngen; Donat, F!/

L R (rr=7)/misbuw Kosanic, S./Sch6nbronn, E. (n=7)/
~~ti; 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-
ingly been shown to have migraine prophylactic
activity. This actitrity has been confirmed by Holroyd
et al. (7), ~rho 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 44%
reduction in migraine activity when daily headache
recordings were used to assess treatment outcome
and in a 657c reduction of migraine activity when
less conserl’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 pro~’eked calcium overload
in neurons (8), calcium-induced contraction of
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vascular smooth muscle cells (9–10), and platelet
aggregationinduced by thrombin, platelet activating
factor (PAF) and adenosin (11). [n addition, cyclan-
delate inhibits a provoked 5HT release from platelets
(11-13) 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-
clelate was almost equally effective to flunarizine.
Mastrosimone et al. (16) (n= 84) described a signifi-
cant superiority of cyclancielate 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.
CycIandelate 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 secondary hyp
thesis, comparative efficacy with propranolol (120
mg/day) was investigated. The study was approved
by the respective local ethics committees.

lnc!usion criferi(7

Patients between the age 18 and 60 years; male or
female; migraine with and/or without aura accord-
ing to the H-K 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.

Exclusion crittria

Pregnant or lactating women; psychiatric disor-
ders; concomitant non-migraine headaches Z3 times
per month ~vithin the last 3 months; intake of cen-
trallv acting drugs or migraine prophylactic drugs
during the 4 weeks preceding the trial; specific
contraindication to beta-blocker (asthma, diabetes,
clinically relevant hypotension, etc.) or cyclandelate
(acute stroke, glaucoma, coagulation di.v.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-

4rological examinations, including ECG and b]“-;’*~
chemistry tests. ‘.’~~fi

,?:i,
Design

Patients who fulfilled the entry criteria entered ~
4-week baseline period without any prophylactic
treatment. Those who recorded 2-10 attac~ on their
migraine headache diaries during the basehne peri~
qualified for randomization (randomization ratio=
3:2: 3) to cyclandeIate, 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 rng
ticl cyclande[ate, placebo or 40 mg tidpropranolol.
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

All 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
phcmophobia, 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.

An(lly<is of dia ries

At the end of the stuclv and prior to breaking the
code, the attending physician 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 migra]ne 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 preceding the end ot
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

}
800 mg I d 1200 mg/d 800 mg / d cyc’andelate

I
I

80mg/d 120mg/d 80 mg / d propranolol

placebo

MHD MHD

1 1
i

o 4 6 10 14 18 20 [week,s]

Fig. 1. Time course of the study, dosages and migraine evaluation.

run-i n/nm-out 2 weeks: cyclandelate 400 rng bid vs placebo vs propranolol 40 mg lmd: 1-O-1 capsulesldav
prophylaxis 12 weeks. cylandelate 400 mg tid vs placebo w propranolol 40 mg tid: 1-1-1 capsules/day
MHD Migraine headache diarv: evaluation 4 weeks baseline vs last 4 w~wks of prophylaxis
1 . ..20 W-WkS scheduled check-up visits

not able to distinguish between migraine and tension-
type headaches, all additional concomitant s~ptoms
documented in the diary were taken into conmderation.

Endpoints and statistics

Two equivalent primary endpoints were defined: (a)
“rate of responders”, i.e. patients with =50Yc reduc-
~-m in the number of migraine attacks; (b) mean

.=-Taine duration” in hours. The rrt.igraine 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-
cebo at an alpha-adjusted two-sided significance level
of a/2=0.025 in at least 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 nligraine duration, respectively.
TWOpatientpopulationswere defined for statistical
analysis, all randomized patients (intention-to-treat
[IIT] group) and clinically reIevant 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-carn~ -foward method.

Secondary endpoints were the efficacy of propra-
nolol versus placebo and equi~’alent efficacy of cyian-
delate compared to propranolol. Additional secondary
endpints were change in intensity of headache,
intake of analgesics or migraine digs, number of
working davs lostclue to migraine, frequency and
seventy of adverse e~’ents, For the secondary end-
~htts, adkerse events and intake Of acute migraine
medication, only posthoc analyses are presented.

r~synumbey of patients
____

~suming a 60% response rate with cyclandelate
-id 30% With placebo and a reduction in migraine,..,.,

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-
landelate (or propranolol) and placebo at a/2 =0.025
with a beta error of 2070.

Post-hoc analysis

The intake of medication to treat acute migraine
attacks is knomm 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 IIT patient 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 weeks of treatment
(double response criterion).

Results

Study populf7ti0n

The study was 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 (25.770 u“ith placebo
and 78 (36.4%) with propranolol. Forh patients had
to be excluded from the ITI analysis 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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~blr 1. Patients violating protmol requirements.

Reasons for exclusion from Ill_ database

Earlv study termination/not drug-related
<2 attacks during basetineperrcd(one<24h)
EvaluationofdiarynotPossible
Controlvisitmissedby >2 weeks
Intakeofadditionalmedication>15days/4weeks
Age <18or>60 years

n.40

n=15
~=8

tr=7
n=6
n=2
n=2

Demo~rnphic and baseline data (Table 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 during attacks and intake
of acute migraine medication. The mean duration of
migraine in hours/4 weeks and the standard devia-
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.

CEPHALA

‘“!
.,

Withdrawals after randomization
‘$(4,:

Thirty-six patients (16.8%) dropped out after “rwTj
domination (cyclandelate n= 16, placebo n =8, ~
pranolol n =12). The frequency of withdrawals undw
cyclandelate and propranolol was comparable, ~t
numerically higher compared to placebo in the em
cacy-related and possibly drug-related reasons. me
overall distribution of all reasons for Witi-tclrawti ~
given inTable3.

Efficacy

Primary endpoints

The first primary endpoint (~ 50% reduction of
migraine attacks) was met by 30/81 (ST.OVO) patients

treated with cyclandeIate and 17/55 (30.9%) patients
treated with placebo. There was no significant difference
between the two ~ups @> O.0251 ~ tie pmpranolol
group the response criterion was fulfilled by 33/78
(42.3%, p>O.05 vs placebo)patients. Similar results w-
obtaind 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

~ble 2. Comparison of the three treatment groups.

Total Cyclande[ate Propranolol Placebo
Patient characteristics n=214 n=81 n=78 n=55

Denmgr@ic Jntf baseline JJM

>fean age (years) 39f12 qg~lz 4(J*13 39fll

% -
Women 167/78.0% 66/81.5% 60/’76.9% 41174.5%

Men 47! 22.0% 15/’18.5n0 18/23.1% 14/25.5%

Mean migraine hlsto~ since (years) 19t12 lg~l~ 21f13 19tll

Migraine with aura %/26.2% 24/29.6?0 18/23.1% 14/25.5q0
Migrainewithoutaura 156/72.9ffo 56/69.17. 59175.69c 41/74.5%
Migrainewith.vwthoutaura 2 1 1 0
No.ofpatientswith acute migraine mwflcahon:

Analgc=icsfantirheurnatics 1421’66.4T 55/67.9~C 51/65.4~ 36, 65.5rc

Specific migraine drugs 127/ 59.3’+ 46/56.8% 49/’62.8~ 32/ 58.2%

Cyclandelate Propranolol Placetw

A@raim baselrn< Jda

Mean number of attacks/4 weeks ~fl 412 -I* I

=-l attacks 311 3*1 3T1

Mean migraine duration,’4 weeks (h) 88* 79 81 *3O 73=41

<4 attacks 81 ?79 69?46 71:42

Pam intensitv during attack
%vere
\loderate
Mild

Additional medication during attacks
?Je\,er
<>metimes

Every attack

27/33.3% 26/33.3Wo 17/ 30.9%
51/63.0% 49/62.8qc 31i%4%

3[3.7% 3/3.87c 7/12.7ffC

6/7.4°c 3/3.8% 2/3.6qc
23/28.4qo 2-1/30.87c 15/27.3qc

52/64.2% 51/65.470 38169.1 Tc
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_-~’,/e 3, Reasons for withal rawal_- -

Total Cyclandelate Propranolol Placek
n=214 11=81

Reason

11=78 n=55
nn36 nz16 n=lz 11=8

No. of patients (5?) (16.8% ) (19.87) (15.4Z) (14.4%)

Not drug-related 15 (7.0%) 5 (6.270 3 (3.81) 7 (12.7%)

Efficacy-dated (total) 8 (3.7%) 5 (6.22) 3 (3.8%)

Complete relief 2 (0.92) ~ (~.~yo
Lack of efficacy 6 (2.8%) 3 (3.7%) 3 (3.8%)

Adverse events (no. of patients) 13(6.1%) 6 (7.4%) 6 (7.7%) 1 (1.8%)
Side effects 9 (4.2%) 5 (6.X } 4(5.1%)

(%] Ra!e of Responders

80 ––

ITT PP

54

MS:’...11:
c@ Plac Prop C)c-pbc Pw

Fig. 2. Rate of responders (z=50% reduction of attack
~uency/4 weeks) cumpared to baseline.

.-.”
=Intention-totreatPP=perProtocol
d =cylandelatePlac=placebo Prop= propranolol

‘p> O.05; u/2=0.025 (Fkher’s exact test, 2-sided).

13.7f51.7 h with placebo (p=(l.046). Proprano]ol
Muted the migraine duration on average by
34.6k58.8 h (p= O.039). These results were clinically
relevant for both active drugs, but failed to achieve
the adjusted significance level of a/2=0.025 (ITT).
Similar results ~~ere obtained for the per protocol

analysis (Fig. 3).

Smndaw endpoints

Equivalence Ofcyclandt+oie and propranolol. No signif-
icant statistical equivalence of cyclandelate and
pmpranolo] was found in either main efficacy
titeria (P=o.os, l-sided).

‘Ost hoc analysis

The anal~sls of the subgroup of patients that
~led the-response criterion of a >50% reduction
of tigraine duration with an intake of acute medi-
@bon over IPSS than S weeks during the course of

.~? study showed cyclandelate to be significantly,-
@rior to placebo (32.1% ~’s 12.7%, p= O.014) in

st to p~opranolol (19.2%, p> O.05). The analysis

[no.rs; War Rea.c:,o, ,. tm.rs

c

1 ““IT:
——-—

“1

:, ~: i , l.~,~
.10

~li~
L

\~l;-
-13,7 ;

m
.~. . -172

.52 4

w i
-— — ,.

-368
-343

40 ,588
.3a 7

,731 40.0 W7
:70 B

-Eo
p=0946 p=o039

l-n~--- – . .-. —- PP

cm Plac pm C* * PKl-”-

Fig. 3. Mean absolute reduction of migraine duration/4 weeks
compared to baseline.

ITT= Intention-to treat PP=per Protocol
Cycl =cyclandelate Plac= Placelm Prop =Propranolol
●p>0,05; a/2 .0.025 (f-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 1-sided equivalence test showed significant
equivalence of cyclandelate and propranolol in the
reduction of migraine duration (32.1% vs 19.2’7c,
p=o.oo7).

Tolerability/side effects

Blood pressure and blood chemistry remained
unchanged throughout the trial in all three treatment
groups. In the propranolol group the heart rate was
reduced on average by 5 beats/rein, Thirteen of 81
(16.0% ) patients treated with cyclandelate, 5 of 55
(9.1 %) patients with placebo and 19 of 78 (24.4%)
patients with propranc~lol reported adverse events.
Of these adverse events, a total of 16 events in 13
patients were probably drug-related side effects
(Table 4). Five patients in the cyclandelate group and
4 patients in the propranolol group withdrew from
the study due to side effects.
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Table4. Side effects.

Cyclandelate Proprarmlol
Total no. SI 78

No. of side effects 9 7

NO.of patientswith
sideeffects 6 7

Type of side effects Increased sweating Depressed mcwd
Hypertension Gastric pain (2)
Sleep difficulty Gastric spasm
Depressed mood
Drowsiness
Gastric pain (2) Gastric difficulty
Respiratory difficulty Diarrhea
Kidney pain Bradycardia

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 V. for frequency and 19% for duration) but
comparable to previously reported figures, i.e. 20-
40% for change in headache frequency (20) and
1211596 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 c~clandelate over placebo in
migraine duration, which is more pronounced than
for propranolol. This stable result suggests that the
assessment of efficacy 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. In the second post hoc analysis, @. ,,’
patients who took sumatriptan (n =34 were exchd~ ;
from the ITT database. Subsequently we found t~’~i:’
cyclandelate and propranolol were better than ph.
cebo (p=o.024 and 0.026, respectively) in reducing the
mean duration of migraine attacks.

The incidence of adverse events was lower with
cyclandelate than with propranolol, but drug-related
side effects were comparable. These results confirm
the good tolerability of cyclandelate reported in
earlier studies (15-1 8). Furthermore, and in contrast
with most other substances for migraine prophylaxis,
cyclandelate has no specific contraindications other
than acute 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 thatcyclandelateand
propranolol are equally effective medications in
migraine prophylaxis, but not better than placebo.
CYC]a~L~e]a@ iS we]] tolerated.
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