Y
¥

A. INGREDI AME:

DIAMINOPYRIDINE (3.4-

B. Chemical Name:
3,4-Pyridinediamine
C. Common Name:

3,4-DAP, CsH/N»

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

98+%

E. Information about how the ingredient is supplied:

Pale brown crystalline powder

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

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

McEvoy, K. M. 4-Diaminopyridine in the treatment of Lambert-Eaton myasthenic
syndrome. N Engl J Med, 1989; 321: 1567-1571.

Russell, J. W. Treatment of stable chronic demyelinating polyneuropathy with 3,4-
diaminopyridine. Mayo Clin Proc, 1995; 70: 532-539.

Newsom-Davis, J. Myasthenia gravis and the Lambert-Eaton myasthenic syndrome.
Prescribers’ J, 1993; 33: 205-212.

McEvoy, K. M. Clinical evaluations in myasthenic syndromes. N EnglJMed, 1989, 321:
1567.



N,

Bever, C.T., Anderson, P. A, and Leslie, J. Treatment with oral 3,4 diaminopyridine
improves leg strength in multiple sclerois patients: results of a randomized, double-blind,
placebo-controlled, crossover trial. Neurology, 1996; 47(6): 1457-1462.

Oh, S.J, Kim, D.S., and Head, T. C. 3,4-diaminiopyridine, which is not readily available
in the United States, is recommended as the preferred drug for LEMS. Muscle Nerve,
1997; 20(9): 1146-1152.

Anlar, B., Varli, K., and Ozdirim, E. 3,4-diaminopyridine in childhood myasthenia:
double-blind, placebo-controlled trial. J Child Neurol, 1996; 11(6): 458-461.

Aisen, M. L., Sevilla, D., and Edelstein, L. A double-blind placebo-controlled study of
3,4-diaminopyridine in amytrophic lateral sclerosis patients on a rehabilitation unit. J
Neurol Sci, 1996; 138(1-2): 93-96.

H. Information about dosage forms used:

Orally
I. Information about strength:
10-20mg; three to four daily

J. Information about route of administration:

Orally

K. Stability data:

Melts at about 218-220° with decomposition
Incompatibilities: Strong acid, Strong oxidizing agents

L. Formulations:

M. Miscellaneous Information:
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CERTIFICATE OF ANALYSIS

Y

3o 2511
W 55202

PRODUCTNO: 1824
PRODUCT: 3,4-Diaminopyridine

We hereby certify that batch 03630 of the ahove product has been tested with the

following results:
Appearance: Pale brown crystalline powder 6
Melting Point: Darkens 213°C
Elemental Analysis: Found(%) Theory(%)
: Nitrogen: 38.53 38.50
L Carbon: 54.79 55.03
Hydrogen: 6.49 6.47
Date of Analysis: 9 July 1991
Signed: (a4 {4 30 December 1997

Quality Control Manager /Z/? 7




QUALITY CONTROL REPORT

CHEMICAL NAME.:DIAMINOPYRIDINE (3,4)

MANUFACTURE LOT NO.:3630

PHYSICAL TEST
SPECIFICATION TEST STANDARD.:USP__/BP__/MERCK__/NF__/MART.__/CO.SPECS.__.

1)DESCRIPTION. :
PALE YELLOW TO YELLOW CRYSTALLINE POWDER; SLIGHT ODCR.

2) SOLUBILITY.:
SOLUBLE IN HOT WATER; SPARINGLY SOLUBLE IN ALCOHOL; SOLUBLE IN HOT ALCOHOL.

3)MELTING POINT.: [&
MELTS AT ABOUT 218-220 degree DECOMPOSITION.

4) SPECIFIC GRAVITY.:

5) IDENTIFICATION. :

PASSES.: FAILS.:

COMMENTS. : ABOVE TEST IS CARRIED OUT BY VISUAL OBSERVATION DUE TO LESS AMOUNT

SAMPLE. CHEMICAL LABEL NAME ON BOTTLE - 3,4-DIAMINOPYRIDINE, 98+ 2.

—

—

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

P
© id 5/92- 7/92
Sigma Aldrich

For Emergency Contact USA/Canada 800-325-5832 800-231-8327
Outside USA/Canada 314-771-5765 414-273-3850
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D2,445-5
Egin
------------------ IDENTIFICATION —-===—====———m=—=—-
PRODUCT #: D2445-5 NAME: 3,4-DIAMINOPYRIDINE, 98%
CAS #: 54-96-6
MF: CBH7N3
SYNONYMS

3,4-DIAMINOPYRIDINE * DIAMINO-3,4 PYRIDINE * SC10 *
------------------ TOXICITY HAZARDS —-—==—-—w=mecrwe—wa=-
RTECS NO: US7600000
PYRIDINE, 3,4-DIAMINO-
TOXICITY DATA

IPR-MUS LD50:20 MG/KG JMCMAR 8,296,65

SCU-MUS LD50:35 MG/KG AIPTAK 150,413,64
IVN-MUS LD50:13 MG/KG APFRAD 26,345,68
ORL-BWD LD50:75 MG/KG AECTCV 12,355,83

TARGET ORGAN DATA

BEHAVIORAL (CONVULSIONS OR EFFECT ON SEIZURE THRESHOLD)

BEHAVIORAL (CHANGE IN MOTOR ACTIVITY)

LUNGS, THORAX OR RESPIRATION (RESPIRATORY STIMULATION)

GASTROINTESTINAL (CHANGES IN STRUCTURE OR FUNCTION OF SALIVARY GLANDS)

SKIN AND APPENDAGES (HAIR)

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

HARMFUL IF SWALLOWED, INHALED, OR ABSORBED THROUGH SKIN.

CAUSES EYE AND SKIN IRRITATION.
=, MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER

RESPIRATORY TRACT.

TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND

TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED.
FIRST AID

IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES WITH COPIOUS AMOUNTS OF

WATER FOR AT LEAST 15 MINUTES.

IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS

AMOUNTS OF WATER.

IF INHALED, REMOVE TO FRESH AIR. IF NOT BREATHING GIVE ARTIFICIAL

RESPIRATION. IF BREATHING IS DIFFICULT, GIVE OXYGEN.

IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS CONSCIOUS.

CALL A PHYSICIAN.

WASH CONTAMINATED CLOTHING BEFORE REUSE.

———————————————————— PHYSICAL DATA —-~--———--—-m—————w—-~—

K~ MELTING PT: 218 C TO 220 C
APPEARANCE AND ODOR

LIGHT-TAN POWDER

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.
— mmmmmmoosssssmmeses REACTIVITY DATA -=——==—=—————==————=
*  OMPATIBILITIES
+—STRONG OXIDIZING AGENTS
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES
——————————————— SPILL OR LEAK PROCEDURES =====—m——==-==
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED
WEAR SELF-CONTAINED BREATHING APPARATUS, RUBBER BOOTS AND HEAVY
RUBBER GLOVES.
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.
AVOID RAISING DUST.
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS COMPLETE.
WASTE DISPOSAL METHOD
DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN IN A
CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.
OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
—~- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---
CHEMICAL SAFETY GOGGLES.
RUBBER GLOVES.
NIOSH/MSHA-APPROVED RESPIRATOR.
SAFETY SHOWER AND EYE BATH.
MECHANICAL EXHAUST REQUIRED.
DO NOT BREATHE DUST.
DO NOT GET IN EYES, ON SKIN, ON CLOTHING.
+~~~ WASH THOROUGHLY AFTER HANDLING.




TOXIC.

IRRITANT.

KEEP TIGHTLY CLOSED.

STORE IN A COOL DRY PLACE.
= TOXIC BY INHALATION, IN CONTACT WITH SKIN AND IF SWALLOWED.

IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN.

IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF

WATER AND SEEK MEDICAL ADVICE.

WEAR SUITABLE PROTECTIVE CLOTHING.
THE ABOVE INFORMATION IS 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
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INSIHIation ol carbachol eye arops ana lasts 1or 4
to 8 hours; reduction in intra-ocular pressure lasts
for 8 hours.

Carbachol is also administered intra-ocularly, 0.4
to 0.5 mL of a 0.01% solution being instilled into
the anterior chamber of the eve, to produce miosis
in cataract surgery. The maximum degree of mio-
sis is usually obtained within 2 to 5 minutes of in-
tra-ocular instillation and miosis lasts for 24 10 48
hours.

Carbachol has been used as an aliernative to cath-
eterisation in the treatment of urinary retention in
a dose of 2 mg given three times daily by mouth.
For the acute sympioms of postoperative urinary
retention doses of 250 ug have been given subcu-
taneously repeated twice if necessary at 30-minute
intervals. Carbachol should nor be given by the in-
travenous or intramuscular routes.

Carbachol does not readily penetrate the comea and eye
drops are usually prepared with a werting agent to en-
hance penetration. A lipid-soluble derivative, N-demethyl-
ated carbachol has been studied for use in glaucoma.!

{. Hung PT, e ai. Ocular hypotensive effects of N-demethyl-
ated carbachol on open angle glaucoma. Arch Ophrhalmol
1982: 100: 262-4.

Ocular surgery. Some consider carbachol to be the agent

of choice for the managemem of increased intra-ocular

pressure after cataract extraction.'?2

. Ruiz RS, #r al. Effecrs of carbachol and acetyicholine on

intraocular pressure after cataract extraction. Am J Ophthal-

mol 1989. 107: 7-10.

Hollands RH. er al Control of intraocular pressure after

cataract extraction. Can J Ophthalmol 1990; 25: 128-32,

Urinary incontinence. For a discussion on the use of
parasympathc ics in the management of urinary in-
continence, see under Uses and Administration of
Bethanechol Chloride, p.1113.

Proprietary Names

Carbamann. Doryl. Isopto Karbakolin. Miostal. Spersacarba,/
chol.

Multi-ingredient preparations. Bestrolina, GT 50, Mios, Ris-
unal A, Risunal B.

Preparation details are given in Pan 3.
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Choline Alfoscerate (4848.n)

Choline Alfoscerate (rINN).

Choline Glvcerophosphate: L-a-Glyceryiphosphoryicholine.
Choline hvdroxide. (R)-2.3-dihydroxypropyl hydrogen phos-
phate, inner salt.

CgHoNOgP = 357.2.

CAS — 28319-77-9.

Choline alfoscerate is reported to have cholinergic activity
and has been 1ried by inravenous or intramuscular admin-
istration in the treatment of Alzheimer’s disease and other
dementias.

References.

. Trabucchi M. er al. Changes in the inierachions between
CNS cholinergic and dopaminergic neurons induced by t-a-
glvcerviphosphoryichofine. a cholinomimetic drug. Farmaco
(Sci) 1986 41: 323-34,

. Di Perri R, er a/ A multicentre trial to evaluale the effica-
cy and tolerability of «-glyceryiphosphoryicholine versus
cytosine diphosphocholine in patients with vascular demen-
ua. J {nt Med Res 1991 19: 33041,

Proprietary Names
Brezal, Delecit. Gliatiin.
Preparation details are given in Pan 3.
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Demecarium Bromide 512-n)

Demecarium Bromide (BAN, rINN .

BC-48. N.A"-Decamethylenebis(N N N-trimethyl-3-methyl-
carbamoyloxyanilinium) dibromide.

C32H518T:N404 =716.6.

CAS — 56-94-0.
Pharmacopoeias. In U S

A white or slightly vellow. slightly hygroscopic. crystal-
line powder. Freely soluble in water and alcohol. soluble
in ether: sparingly soluble in acetone. A 1% solution in
water has a pH of 5 10 7. Store in aintight comainers.
Protect from light.

Adverse Effects

As far Neostigmine “ethylsulphate. p.1116 and Ecothio-
pate lodide. below. The anticholinesterase action of deme-
carium. and hence its adverse effects. may be prolonged.

A3 Ul LAULBUPA. (UBIus, gt b,
Pralidoxime has been reported to be more active in coun-
teracting the effects of dyflos and ecothiopate than of de-
mecarium.

Uses and Administration

Demecarium is a quatermnary ammonium compound which
is an inhibitor of cholinesterase with actions similar to
those of ecothiopate (see below). lts miotic action begins
within about 15 to 60 minutes of its application and may
persist for a week or more. It causes a reduction in intra-
ocular pressure which is maximal in 24 hours and may
persist for 9 days or more.

Demecarium bromide has been used in the treatment of
open-angie glaucoma particularly in aphakic patients, and
those in whom other agents have proved inadequate. The
dosage varics, | to 2 drops of a 0.125% or 0.25% solu-
tion being instilled from 1wice weekly to twice daily,
preferably at bediime.

Demecarium bromide has also been used in the diagnosis
and management of accommodative convergent strabismus
(esotropia).

Proprietary Names

Humorsol, Tosmilen.

Preparation dewils are given in Part 3.

3,4-Diaminopyridine (19064-m)

3 4-Diaminopyridine has similar actions and uses 1o 4-
aminopyridine (see p.1112}) but is reported to be more po-
tent in enhancing the release of acetyicholine from nerve
terminals.

Administration of 3.4-diaminopyridine by mouth in daily
doses of up 10 100 mg in a double-blind, placebo-control-
led. crossover study was found 1o be cffective in the
treatment of both the motor and autonomic deficits of 12
patients with Eaton-Lambert syndrome. One patient re-
ceiving 100 mg daily had a single seizure after 10 months
of therapy but adverse effects in other patients were min-
imal and dose-relaied. In 4 patients addition of pyridostig-
mine 1o treatment produced additional benefits.— McEvoy
KM. er al. 3.4-Diami i in the treatment of Lamben-Eaion
myasthenic syndrome. N Engl J Med 1989: 321: 1567-71.

Distigmine Bromide (43513-h)

Distigmine Bromide (BAN, rINN}.

BC-51; Bispyridostigmine Bromide: Hexamarium Bromide.
3.3-[N.N"-Hexamethyelencbis(methylcarbamoyloxy)lbis(1-
methylpyridinium bromide).

C22H32312N404 =576.3.

CAS — 15876-67-2.

Pharmacopoeias. In Jpn.

Adverse Effects, Treatment, and Precautions

As for Neostigmine. p.1116. The anticholinesterase action
of distigmine. and hence its adverse effects, may be pro-
fonged, and if treatment with atropine is required it
should be maintained for at least 24 hours,

Absorption and Fate
Distigmine is poorly absorbed from the gastro-iniestinal
tract.

Uses and Administration

Distigmine is a quatermnary ammonium compound which is
an inhibitor of cholinesterase activity with actions similar
to those of neostigmine (see p.1117) but more prolonged.
Maximum inhibition of plasma cholinesterase occurs 9
hours after a single intramuscular dose, and persists for
about 24 hours.

It is used in the prevention and treatment of postoperative
intestinal atony and urinary retention: 500 ug of distig-
mine bromide may be injected intramuscularly about 12
hours after surgery and may be repeated every 24 hours
unti] normal function is resiored. It may also be given by
mouth in a dose of 5 mg daily thirty minutes before
breakfast. A similar dose by mouth. given daily or on al-
temate days. has been employed in the management of
neurogenic bladder.

Distigmine bromide in conjunction with short-acting para-
sympathomimetics has been given for the treatment of
myasthenia gravis, but should only be given by mouth.
Doses of up to 20 mg daily for adults and up to 10mg
daily for children have been used. adjusted according to
individual response.

Proprietary Names

Ubretid.

Preparation details are given in Part 3.

Dyflos «s14.m)

Dyflos (BAN).
DFP. Difluorophate; Di-isopropyl Fluorophosphate: Di-iso-

ravp vy g privepers e
C6H14F03P = 184.1. 1
CAS — 55-9/4. o
Pharmacopoeias. In U.S. \

A clear, colourless. or faintly yellow liquid, §
ity about 1.05. Sparingiy soluble in water. g8
cohol and vegetable oils. It is decomposed
with the evolution of hydrogen fluoride. Stor
15° in sealed containers. ’

cAUTION. The vapour of dyflos is very ioxic. Com
material should be immersed in a 2% aqueoy,
sodium hvdroxide for several hours. Dyfi .
moved from the skin by washing with soap ang

Adverse Effects :
As for Neostigmine Methylsulphate, p.i116 ag
pate lIodide, below.

The anticholinesterase action of dyflos, and had
verse effects, may be prolonged. Is vapour ipg
irritating to the eye and mucous membranes..:
Systemic toxicity also occurs after inhalatiog of
pour. Prolonged use of dyflos in the cye may o
ly reversible depigmentation of the lid mam;
skinned patients i
Treatment of Adverse Effects and Preq
As for Ecothiopate lodide, p.1115.

Absorption and Fate
Dyflos is readily absorbed from the gastro-intagl
from skin and mucous membranes, and fron @
Dyflos interacts with cholinesterases produc
phosphonylated and phosphorylated derivatives §
then hydrolysed by phosphorylphosphatases:
ucts of hydrolysis are excreted mainly in the |
Uses and Administration -1
Dyflos is an irreversible inhibitor of choliness
actions similar to those of ecothiopate (see p.
los has a powerful miotic action which beging
10 minutes and may persist for up to 4 week
a reduction in intra-ocular pressure which i’y
24 hours and may persist for a week. ‘-
Dyflos is used mainly in the treaiment
glaucoma particularly in aphakic patients, and §§
agents have proved inadequate. It is also emplg
diagnosis and management of accommodative g
strabismus (csotropia). 5
Dyflos is administered locally usually as s 08
thalmic ointment preferably at night before et
Proprietary Names 101

Diftupyl, Floropryl.
Preparation details are given in Pant 3.

el
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Ecothiopate Iodide wsise) 4

Ecothiopate iodide is an irreversi
cholinesterase with a prolonged durationp§
It is used as a miotic in the treatment of g
when other agents have proved inadequs8
w

Ecothiopate lodide (BAN, rINN}. L. .
Echothiophate lodide; Ecostigmine lodid

(2-Diethoxyphosphinyithioethyl)- .
trimethylammonium iodide.

-7yl
{

CqH:;[NO3PS = 3832 B
CAS — 6736-034 (ecothiopate); 513-]0‘0 .
pate iodide). 1

Pharmacopoeias. InBr., Gr.. Jpn. and US." """
A white crystalline hygroscopic powder with &
odour. Soluble 1 in i of water. 1 in 25 of aks
in 3 of methyl alcohol: practically insoluble 8
ganic solvents. A solution in water has 2 pH A8
The 8.7 requires storage between 2° and BY
requires storage preferably at a temperarure ¥
Store in airtight containers. Protect from ligh

Adverse Effects U
As for Neostigmine Methylsulphate, plil
Ecothiopate is an irreversible cholinest
itor; its action, and hence its adverse ¢i%
be prolonged.
Plasma and erythrocyte cholinesterases
minished by treatment with eye drops 24
pate, or other long-acting anticholinest
systemic toxicity occurs more frequently 3
shorter-acting miotics. Acute irilis, €%
ment, or precipitation of acute glaucom
casionally follow treatment with ecOlt
iris cysts (especially in children) Of Jent
may develop following prolonged treafi



olin: Switz. Doryl; Miostat; Spersacarbachol; U/SA:
fal.

jent preparations. Ger: GT 50%: fral.: Mios:
inat: Risunal A; Risunal B.

Wiie Alfoscerate wasen

¥oscerate (INN).

Gycerophosphate: L-a-Glycerylphosphoryicholine.
. Wxide, (R)-2,3-dihydroxypropy! hydrogen phos-
R Saner salt.

FR0P = 257.2.

- ,3{9-77—%

B.; alfoscerate is reported (o be a precursor of
oline and has been tried by oral, intrave-
¥ ¢ intramuscular administration in the treat-
i of Alzheimer's disease and other dementias,
&b a5 mentioned in the discussion on the treat-
of dementia (see p.1413) this type of treatment
B considered to produce useful improvement.
M. er al. Changes in the interactions between CNS
d dopaminergic induced by L-a-glycer-
orylcholine, a cholinomimetic drug. Farmace (Scij

41:323-34. )
M8 Porri R. o1 al. A multicentre trial to evaluate the efficacy and
gubility of a-glyceryiphosphoryicholine versus cytosine di-

91:; 19: 330-41.
Mparations
of preparations are listed below: details are given in Part 3.

. ot Preparations
€ Bvexal; Delecit: Gliatilin.

- Az
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Bemecarium Bromide 512

Bromide (BAN, rINN).
N.N'-Decamethylenebis(N,N,N-trimethyl-3-methyi-
oylyaniinium) dibromide.
R8N0, = 716.6. (-

\: s or slightly yellow, slightly hygroscopic, crystalline
mler. Freely soluble in water and in ajcohol; soluble in

bparingly soluble in acetone. A 1% solution in water
. ‘#l of 5 to 7. Store in airtight containers. Protect from

"

Miverse Effects
glor Neostigmine, p.1422 and Ecothiopate Iodide,
(820, For adverse effects of miotics, see also Pilo-
gpine, p.1426.
‘%
-

tment of Adverse Effects
or Ecothiopate [odide, p.1420.
fidoxime has been reported to be more active in
ateracting the effects of dyflos and ecothiopate
i of demecarium.

tcautions

#loc Neostigmine, p. 1423 and Ecothiopate lodide,
#420. For precautions of miotics, see also Pilo-
pme, p.1426.

and Administration
Wecarium is 3 quaternary ammonium compound
R 18 a reversible inhibitor of cholinesterase with
£ g duration of action similar to that of ecothio-
PP iodide (see p.1420). Its miotic action begins
S about 15 to 60 minutes of its application and
+'Y PeTsist for a week or more. [t causes a reduction
-ocular pressure which is maximal in 24
and may persist for 9 days or more.
arium bromide has been used in the treatment
y {ﬂ-angle glaucoma particularly in aphakic pa-
= and those in whom other agents have proved
; cquate (see p.1414). The dosage varies. 1 to 2
T Of 2 0.125% or 0.25% solution being instilled
2 W twice weekly to twice daily, preferably at bed-
i ..Dcmecarium bromide has also been used in
B, "138n0sis and management of accommodative

g
.

0.

convergent strabismus (accommodative esotropia)
as mentioned in the discussion on the treatment of
strabismus on p.1416.

Preparations

Names of preparations are listed below: details are given in Part 3,
Official Preparations

USP 23: Demecarium Bromide Ophthaimic Sotution.
Proprietary Preparations

UK: Tosmilent: USA: Humorsol.

3,4-Diaminopyridine (19064-m)

3,4-Diaminopyridine has similar actions and uses to
fampridine (see p.1421) but is reported to be more
potent in enhancing the release of acetylcholine
from nerve terminals. It is used in the Eaton-Lam-
bert myastheni¢ syndrome and other myasthenic
conditions. It has been tried in multiple sclerosis and
in botulism.
No improvement was observed with 3.4-diaminopyridine in a
controlled study of patients with chronic demyelinating neu-
ropathy.!
f. Russell JW, et al. Treatment of stable chronic demyelinating
“polyneuropathy with 3.4-diaminopyridine. Mavo Clin Proc
1995. 70: 532-9.

Eaton-Lambert myasthenic syndrome. Administration

ocholine in pauents with vascular dementia. J /nt Med J/ of 3.4-diaminopyridine by mouth in daily doses of up to

100 mg has been found to be effective in the treatment of both
the motor and autonomic deficits of patients with Eaton-Lam-

rt syndrome.' A usual starting dose of 10 mg given three or
AU mg

four times daily increasing if necessary 1o a maximum of

20.mg given five times daily has been used.> Adverse effects

appear to be mainly mild and dose related.! Most patients ex-
perience some form of paraesthesia up to 60 minutes after ad-

ministration.':? 3,4-Diaminopyridine can produce mild

excitatory effects and some patients may expenience difficulty

in sleeping. There have been isolated reports of seizures and
3,4-diaminopyridine is therefore contra-indicated in patients
with epilepsy. Other treatments of Eaton-Lambert myasthenic

syndrome are discussed on p.1414.

i KM, &1 al. 3. 4-Diaminopyridine in the treatment of
Lambert-Eaton myasthenic syndrome. N Eng! J Med 1989,
321: 1567-71.

2. Newsom-Davis J. Myasthenia gravis and the Lambert-Eaton
myasthenic syndrome. Prescribers’ J 1993; 33: 205-212.

Distigmine Bromide wsian

Distigmine Bromide (BAN, riNN).

BC-51; Bispyndostigmine Bromide; Hexamarium Bromide.
3,3"-[N.N"-Hexamethylenebis(methyicarbamoyloxy)]bis( | -
methylpyridinium bromide).

CyaH32BriNO = 576.3.

CAS — 15876-67-2.

Pharmacopoeias. In jpn.

Adverse Effects, Treatment, and Precau-
tions

As for Neostigmine, p.1422. The anticholinesterase
action of distigmine, and hence its adverse effects,
may be prolonged, and if treatment with atropine is
required it should be maintained for at least 24
hours.

Pharmacokinetics
Distigmine is poorly absorbed from the gastro-intes-
tinal tract.

Uses and Administration

Distigmine is a quaternary ammonium compound
which is a reversible inhibitor of cholinesterase ac-
tivity with actions similar to those of neostigmine
(see p.1423) but more prolonged. Maximum inhibi-
tion of plasma cholinesterase occurs 9 hours after a
single intramuscular dose. and persists for about 24
hours.

[t 1s one of several agents that may be used in the
prevention and treatment of postoperative intestinal
atony (see p.1193). It is also used in urinary reten-
tion. afthough catheterisation is generally preferred
(see p.489). A dose of 500 pg of distigmine bromide
may be injected intramuscularty about 12 hours af-
ter surgery and may be repeated every 24 hours until

. Ymbo! t denotes a preparation no longer actively marketed

Carbachol/Dyflos 1419

normal function is restored. It may also be given by
mouth in a dose of 5 mg daily thirty minutes before
breakfast. A similar dose by mouth, given daily or
on alternate days, has been employed in the manage-
ment of neurogenic bladder.

Distigmine bromide in conjunction with shost-act-
ing parasympathomimetics is also used for the treat-
ment of myasthenia gravis, but should only be given
by mouth. Also, as discussed under the section on
the treatment of myasthenia gravis, patients being
treated with parasympathomimetics tend to prefer
pyridostigmine (see p.1415). Doses of up to 20 mg
daily for adults and up to {0 mg daily for children
are given, adjusted according to individual response.

Preparations

Names of preparations are listed below: details are given in Part 3.
Proprietary Preparations

Aust.: Ubretid: Austral.: Ubretid: Eire: Ubretid; Ger.: Ubretid;
Neth.: Ubretid; S.Afr.: Ubretid; Swirz: Ubretid: UK Ubretid.

Dyflos @sism

Dyflos (BAN).

DFP; Difluorophate; Di-isopropyl Fluorophosphate; Di-iso-
propytfluorophosphonate; Fluostigmine; Isoflurcphate. Oi-
isopropyt phosphorofluoridate.

CyHFO3P = 184.1.

CAS — 55-91-4.

Pharmacopoeias. In US.

A clear, colourless, or faintly yellow liquid. Specific gravity
about 1.05. Sparingly soluble in water: soluble in alcohol and
in vegetable oils. It is decomposed by moisture with the evo-
lution of hydrogen fluonde. Store at 8° to 15° in sealed con-
Lainers.

cAUTION. The vapour of dyflos is very toxic. The eyes. nose.
and mouth should be protected when handling dyflos. and
contact with the skin should be avoided. Dyflos can be re-
moved from the skin by washing with soap and water. Con-

d material should be immersed in a 2% aqueous
solution of sodium hydroxide for several hours.

Adverse Effects

As for Neostigmine Methylsulphate, p.1422 and
Ecothiopate Iodide, p.1420. For adverse effects of
miotics, see also Pilocarpine, p.1426.

The anticholinesterase action of dyflos, and hence
its adverse effects, may be prolonged. Its vapour is
extremely irritating to the eye and mucous mem-
branes.

Systemic toxicity also occurs after inhalation of the
vapour. Prolonged use of dyflos in the eye may
cause slowly reversible depigmentation of the lid
margins in dark-skinned patients.

Treatment of Adverse Effects
As for Ecothiopate lodide, p.1420.

Precautions

As for Neostigmine, p.1423 and Ecothiopate Jodide,
p.1420. For precautions of miotics, see also Pilo-
carpine, p.1426.

Pharmacokinetics

Dyflos is readily absorbed from the gastro-intestinal
tract, from skin and mucous membranes, and from
the lungs. Dyflos interacts with cholinesterases pro-
ducing stable phosphonylated and phosphorylated
derivatives which are then hydrolysed by phospho-
rylphosphatases. These products of hydrolysis are
excreted mainly in the urine.

Uses and Administration

Dyflos is an irreversible inhibitor of cholinesterase
with actions similar to those of ecothiopate iodide
(see p.1420). Dyflos has a powerful miotic action
which begins within 5 to 10 minutes and may persist
for up to 4 weeks; it causes a reduction in intra-ocu-
lar pressure which is maximal in 24 hours and may
persist for a week.
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Crystals from ethanol - water, mp 302" uv max (pH
1.9): 241, 282 nm{log ¢ 398,400~ .

029, 3,4-Disminopyridine, ~3,3-Pyridinediamine; 3.4-
H,/N; 0913, 0%, ; 3

Ntasst annel blocker: antagonizes non-

ol blockade. Prepn: O. Bremier,

Qm K d X

74 (1935) J. W. Clark-Lewis, R. P. Singh. J.
Chem. Soc. 1962, 2379; J. B. Campbeil er al. J. Heterocycl.
Chem. 23, 669 (1986). HPLC determn in serum: J. Leslie,
C. T. Bever, J. Chromatog. 496, 214 (1989). Acute toxicity:
P. Lechat et al. Ann. Pharm. Franc. 26, 345 (1968). Effect
on neuromuscular transmission: J. Molgo er al, Eur J.
Pharmacol. 61, 25 (1980); R. H. Thomsen, D. F. Wilson, J.
Pharmacol. Exp. Ther. 227, 260 (1983). Evaluation_in
human botulism: A. P. Ball er al. Quart. J Med. 48, 473
- evaluations in_myastheni .
, V. En [ Med. 321, 15 v J.
" Neurol Neurosurg. Psychiatr. 54, 1069
(1991); in multiple sclerosis: C. T. Bever, Jr. ef al.. Ann.
Neurol. 27, 421 (1990); idem, ibid 36, S118 (1994).

N
| X
/
NH,

NH,

Needles from water, mp 220° (Clark-Lewis, Singh); also
reported as white 1o beige crystals from water, mp 218-219
(Campbell). Readily sol in water, alcohol; slightly sol in
cther. LDgyi.v. in mice: 13 mg/kg (Lechat).

USE: Intermediate in synthesis of heterocyclic compds.

3030. Diamond. A crystailine form of carbon. Mined
as a mineral, principaily in South Africa. (Non-commercial)
synthesis from other carbon compds (e.g.. lignin) by means
of elevated temperatures {about 2700%) and pressures (about
800.000 Ibs/sq inch): Desch, Narure 152, 148 (1943); Neu-
haus, Angew. Chem. 66, 525 (1954): Hali, Chem. Eng. News
33, 718 (1955); Bridgman, Sci, Amer. 1955, 46; Hall, J.
Chem. Ed. 38, 484 (1961); Bundy, 4nn. N.Y. Acad. Sci. vol.
108, art 17, pp 951-982 (1964). Books: S. Tolansky, His-
tory and Use of Diamond (London, 1962) 166 pp; R. Ber-
man, Physical Properties of Diamond (Oxford, 1965) 442 pp.

Face-centered cubic crystal lattice. Burns when heated
with a hot enough flame (over 800", oxygen torch). d2
3.513. af 2.4173. Hardness = 10 (Mohs’ scale). Sp heat
at 100°K: 0.606 cal/g-atom/"K. Entropy at 298.16°K:
0.5684 cal/g-atom/"K. Band gap energy: 6.7 ev. Diclectric
constant 5.7. Electron mobility: ~1800 cm?/v-sec. Hole
mobility: 1200 cm?/v-sec. Can be pulverized in a steei mor-
tar. Attacked by laboratory-type cleaning soln (potassium
dichromate + concd H,80,). In the jewelry trade the unit
of weight for diamonds is one carat = 200 mg. Ref: Wall
Street J. 164, no. 36, p 10 (Aug 19, 1964).

USE: Jewelry. Polishing, grinding, cutting glass, bearings
for delicate instruments; manuf dies for tungsten wire and
similar hard wires: making styl for recorder heads. long-
lasung phonograph needles. In semiconductor research.

3031. Diamond Ink. Etching ink.
BaSO, and fluondes.

Milky-white liq with a heavy sediment. Shake well before
using and warm gently in a lead dish. Keep in plasnc. hard-
rubber or intern. paraffin-coated boitles

uvsE: For etching glass.

3032. Diampromide.
nojpropyl]-N-phenvipropanamide; N-(1-(methyiphenethviam:-
naipropyljpropionanilide.  C, HN,O: mol wt 32347 C
774, H 8709 N 3,657 O 4937, Synthesis: Wright er

A mixture of HF,

Page 506

3,4-Diaminopyridine

N.[2.-[Methvi 2-phenylethvi)am: - '

Consult the Name Index before using this section.

al. J. Am. Chem. Soc. 81, 1518 (1959): U.S. p
(1960 to American Cyanamid).

i
N

[o]

Liquid. bpyg 174-178". njf 1.546. :

Suifate. C;HyyN,0,S. crystals from ethanol + i
1O0-111. :

Note: This is a controlled substance {opiate)
U.S. Code of Federal Rcgulations. Title 21 F
(1995).

THERAP CAT: Analgesic (narcotic).

3033. Diamthazole Dihydrochloride. 6-(2-(Disliy
nolethoxy]-N,N-dimethyl-2-benzothiazolamine diky
ride; 6-{2-(diethylamino)ethoxy]-2-dimethylamine,
zole dikydrochlaride; 2-dimethylamino-6-(8-diethy}
ethoxy)benzothiazole dihydrochloride: dimazole
chloride; Ro-2-2453; Asterol Dihydrochloride; Al
HpCLN,OS: mol wt 366.35. C 49.18%, H 6§
1935%, N 11.47%, O 4.37%, S 8.75%. Prepn: S
{er. U.S. pat. 2,578,757 (1951 to Hoifmann-La

PN S cry )
SR ees
HyC N CHy

Crystals, dec 269", mp 240-243. Freely sol &
methanol, ethanol. A 5% aq soln has a pH of ~
THERAP CAT: Antifungal.

3034. Diamyl Sodium Sulfosuccinate. Sul
oic acid [ 4-dipentyl ester sodium salt; sulfosuccinic JRa
pentyl ester sodium salt: Aerosol AY: Alphasol AY Sy
NaO,S: mol wt 360.40. C 46.66%. H 6.99%, Na a3
31.08%, S 8.90%. The amyl or |-methylbutyl die:
monosodium salt of sulfosuccinic acid or a mix
Wetting agent prepd by the action of the appropis
hols on maleic anhydride followed by addtion of sod
sulfite: Jaeger, U.S. pats. 1,028,091 and 2,176,421
1939 10 Am. Cyanamid). )

o]

- -

YA X

.

Available as a mixture of white, hard pellets and PO
Soly in water at 25 = 392 g/liter: at 7¢° = UAW¥
Maximum concn of electrolyte soln in which 1% of B
ting agent is soi: 3% NaCl 2-4% NH,Cl (tur!
(NH,),HPO, (turbid): 4% NaNO, (slightly tur!
Na,SO, (very slightly turbid). Also sol in pinc
acid, acctone, hot kerosene, carbon tetrachloride$
hot olive oil; insol in liq petrolatum. Surface %
water: 0.001% = 69.4 dyn/cm: 0.02% = 68.3
0.1% = 50.2 dyn/cm: 0.25% = 41.6 dyn/cm; 1%
dyn/em. Incerfacial tension 1% in water vs liQUiEE
latum: 5 seconds = 7.55 dyn/cm: 30 seconds
dyn/cm; 15 minutes = 7.03 dyn/cm. [nterfacitlgg
0.1% in water vs. liquid petrolatum: § seconds
dvn/cm: 30 seconds = 28.6 dyn/cm: 15 mupute
dyn/cm. Stable in acd and neutral solns, hyd
alkaline solns. L.

USE:  As emulsifier in ernulston polymerization S
welting agent.

3035. 1.2-Dianilinoethane. . N"-Diphenyl-173
diamine: N.N’-diphenslethvienediamine: N..V -diphe

oy

-
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TITLE: \fk Treatment with oral 3,4 diaminopyridine improves leg strength in multiple
sclerosis patientﬁ: results of a randomized, double-blind,
placebo-controlled, crossover trial. —

AUTHOR: Bever CT Jr; Anderson PA; Leslie J; Panitch HS; Dhib-Jalbut S; Khan
OA; Milo R; Hebel JR; Conway KL; Katz E; Johnson KP

AUTHOR Department of Neurology, School of Medicine, University of Maryland,

AFFILIATION: Baltimore, USA.

SOURCE: Neurology 1996 Dec;47(6):1457-62

NLM CIT. ID: 97120056

ABSTRACT: To examine the efficacy and toxicity of oral 3,4 diaminopyridin in

-~ do

— Wywmﬂmmw{sr);ywm
in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined
neurologic deficit, which was leg weakness in 34 patients. Secondary
outcome measures included the patient's subjective response, scored
manual motor testing (MMT) of leg strength, scored leg strength from
videotaped motor testing (VMT), quadriceps and hamstrings strength
(OMT) measured by isometric dynamometry, neuropsychological testing
(NPT), ambulation index (Al), and Expanded Disability Status Scale
(EDSS) score. Paresthesias and abdominal pain were common and were
dose limiting in eight patients. Three patients had episodes of confusion,
and one patient had a seizure While on DAP. Eight patients withdrew from
the study, leaving 28 evaluable patients for the efficacy analysis. The
prospectively defined %gljglggig_d_gﬁm_impmygjnlinatienm-zz on DAP
and 2 on placebo (p = 0.0005). All improvements were in leg weakness.
Subjective response and measures of leg strength and function (MMT,
VMT, QMT, and AI) improved on DAP compared with placebo. Neither
NPT nor EDSS scores improved. DAP treatment can induce improvements

Win MS patients, bummwts. ¥
MAIN MESH Leg/*PHYSIOPATHOLOGY
SUBJECTS: Multiple Sclerosis/*DRUG THERAPY/PHYSIOPATHOLOGY
4-Aminopyridine/*ANALOGS & DERIVATIVES/ADMINISTRATION &
L DOSAGE
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LANGUAGE:

REGISTRY
NUMBERS:

Administration, Oral
Adult

Aged

Double-Blind Method
Female

Human

Male

Middle Age

Support, Non-U.S. Gov't

CLINICAL TRIAL
JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

Eng

504-24-5 (4-Aminopyridine)
54-96-6 (3,4-diaminopyridine)
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National Library of Medicine: IGM Full Record Screen

AUTHOR:

AUTHOR
AFFILIATION:

SOURCE:
NLM CIT. ID:
ABSTRACT:

MAIN MESH
SUBJECTS:

Low-dose guanidine and pyridostigmine: relatively safe and effective
long-term symptomatic therapy in Lambert-Eaton myasthenic syndrome,

Oh SJ; Kim DS; Head TC; Claussen GC

Department of Neurology, University of Alabama at Birmingham 35294,
USA.

Muscle Nerve 1997 Sep;20(9):1146-52
97416721

Guanidine hydrochloride is known to be highly effective in the
symptomatic treatment of the Lambert-Eaton myasthenic syndrome
(LEMS). However, because of its potentially dangerous side reactions of
hematologic abnormalities and renal insufficiency, 3,4-diaminopyridine,

which is not readily available in the United States, is recommended as the\ 7
preferred drug for LEMS. We used low-dose guanidine and pyridostigmine

Mnts with LEMS and analyzed its long-term
safety and effectiveness. In all patients, a liberal amount of pyridostigmine
was used, while daily guanidine dose was kept below 1000 mg a day, and
guanidine was given between pyridostigmine dosings. This combination
therapy was used for 3-102 months (mean: 34.1 months) and improved
clinical status in all patients. Although guanidine had to be discontinued
due to severe gastrointestinal symptoms in 3 cases, no serious side reactions
such as bone marrow suppressions or signs of renal insufficiency developed
in any case. Thus, we conclude that low-dose guanidine therapy is relatively
safe and effective for long-term symptomatic treatment of LEMS when it is
combined with pyridostigmine.

Cholinesterase Inhibitors/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/THERAPEUTIC USE

Guanidines/* ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/THERAPEUTIC USE

Lambert-Eaton Myasthenic Syndrome/COMPLICATIONS/*DRUG
THERAPY/ PHYSIOPATHOLOGY

Pyridostigmine Bromide/*ADMINISTRATION & DOSAGE/ADVERSE
EFFECTS/ THERAPEUTIC USE

5/5/98 1:54 PM
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PUBLICATION
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LANGUAGE:

REGISTRY
NUMBERS:

Adult

Aged

Dose-Response Relationship, Drug
Electrophysiology

Female

Human

Male

Middle Age
Neoplasms/COMPLICATIONS/THERAPY
Time Factors

Treatment Outcome

CLINICAL TRIAL
JOURNAL ARTICLE

Eng

0 (Cholinesterase Inhibitors)

0 (Guanidines)

101-26-8 (Pyridostigmine Bromide)
113-00-8 (Guanidine)
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TITLE: )& 3,4-diaminopyridine in childhood myasthenia: double-blind,
“placebo-controlled trial.

AUTHOR: Anlar B; Varli K; Ozdirim E; Ertan M

AUTHOR Department of Pediatric Neurology, Hacettepe University, Ankara, Turkey.
AFFILIATION:

SOURCE: J Child Neurol 1996 Nov;11(6):458-61

NLM CIT. ID: 97118599

ABSTRACT: Eleven patients with congenital and five with juvenile myasthenia gravis,

aged 5 to 24 years, were given 3,4-diaminopyridine in a double-blind,”

6’ placebo-controlled, crossover study. Clinical improvement was ohserved jn

of 11 congenital myasthenia patients, and placebo effect, in 3 of 11.

Juvenile myasthenia patients did not respond. Single-fiber
electromyographic studies did not reveal any changes correlating with the
clinical status of the patient. This study demonstrates the importance of
double-blind and placebo-controlled studies to determine the effect of
3,4-diaminopyridine in congenital myasthenia. This drug may have
different effects on various presynaptic and postsynaptic defects of
neuromuscular transmission resulting in congenital myasthenia syndromes.

MAIN MESH Myasthenia GravissfCONGENITAL/DIAGNOSIS/*DRUG THERAPY
SUBJECTS: 4-Aminopyridine/*ANALOGS & DERIVATIVES/THERAPEUTIC USE

ADDITIONAL Adolescence
MESH Adult
SUBJECTS: Child
Child, Preschool
Cross-Over Studies
Double-Blind Method
Electromyography/DRUG EFFECTS
Female
Human
Male
Neurologic Examination/DRUG EFFECTS

PUBLICATION CLINICAL TRIAL
TYPES: JOURNAL ARTICLE
RANDOMIZED CONTROLLED TRIAL

LANGUAGE:  Eng

REGISTRY 504-24-5 (4-Aminopyridine)
NUMBERS: 54-96-6 (3,4-diaminopyridine)

5/6/98 12:39 PM
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..; TITLE: Ruthenium red, a novel enhancer of K+ currents at mouse motor
nerve terminals.
AUTHOR: Lin MJ; Lin-Shiau SY
AUTHOR Institute of Pharmacology, College of Medicine, National Taiwan
AFFILIATION: University, Taipei, R.O.C.
SOURCE: Neuropharmacology 1996 May;35(5):615-23
NLM CIT. ID: 97042771 (abstract present)

vt TITLE: 1\ Treatment with oral 3,4 diaminopyridine improves leg strength in
. % multiple sclerosis patients: results of a randomi uble-blin
- lacebo-controlled, crossover trial.
AUTHOR: Bever CT Jr; Anderson PA; Leslie J; Panitch HS; Dhib-Jalbut S;
Khan OA; Milo R; Hebel JR; Conway KL; Katz E; Johnson KP
AUTHOR Department of Neurology, School of Medicine, University of
AFFILIATION: Maryland, Baltimore, USA.
SOURCE: Neurology 1996 Dec;47(6):1457-62
NLM CIT. ID: 97120056 (abstract present)
.. TITLE: 3.4-Diaminopyridine, an orphan drug, in the symptomatic
treatment of Lambert-Eaton myasthenic syndrome.
AUTHOR: Molgo J; Guglielmi JM
AUTHOR Laboratoire de Neurobiologie Cellulaire et Moleculaire, C.N.R.S.,
AFFILIATION: Gif-sur-Yvette, France.
SOURCE: Pflugers Arch 1996;431(6 Suppl 2):R295-6
NLM CIT. ID: 96364143 (abstract present)
: TITLE: Acute ventilatory failure in Lambert-Eaton myasthenic syndrome
and its response to 3.,4-diaminopyridine.
- AUTHOR: Smith AG; Wald J
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AUTHOR: Q}KX

AUTHOR Department of Neurology, University of Michigan Medical Center,
AFFILIATION: Ann Arbor 48109, USA.
SOURCE: Neurology 1996 Apr;46(4):1143-5
NLM CIT. ID: 96373816 (abstract present)
[ TITLE: A double-blind placebo-controlled study of 3.4-diaminopyridine in

amytrophic lateral sclerosis patients on a rehabilitation unit.
Aisen ML; Sevilla D; Edelstein L; Blass J

AUTHOR Burke Rehabilitation Center, White Plains, NY 10605, USA.

AFFILIATION:

SOURCE: J Neurol Sci 1996 Jun;138(1-2):93-6

NLM CIT. ID: 96383381 (abstract present)

[} TITLE: Contribution of a non-inactivating potassium current to the resting

membrane potentisl of fusion-competent human myoblasts.

AUTHOR: Bernheim L; Liu JH; Hamann M; Haenggeli CA;
Fischer-Lougheed J; Bader CR

AUTHOR Departement de Physiologie, Hopital Cantonal Universitaire,

AFFILIATION: Geneva, Switzerland.

SOURCE: J Physiol (Lond) 1996 May 15;493 ( Pt 1):129-41

NLM CIT. ID: 96330881 (abstract present)

i TITLE: 3.4-Diaminopyridine masks the inhibition of noradrenaline release
from chick sympathetic neurons via presynaptic alpha
2-adrenoceptors: insights into the role of N- and L-type calcium
channels.

AUTHOR: Dolezal V; Huang HY; Schobert A; Hertting G

AUTHOR Institute of Physiology, Academy of Sciences of Czech Republic,
AFFILIATION: Prague 4, Czech Republic.

SOURCE: Brain Res 1996 May 20;721(1-2):101-10

NLM CIT. ID: 96385230 (abstract present)

* TITLE: Toosendanin facilitates [3H]noradrenaline release from rat

hippocampal slices.
AUTHOR: Hua-Yu H; Cheng-Wen Z; Yu-Liang S
AUTHOR Shanghai Institute of Physiology, Chinese Academy of Sciences,
AFFILIATION: China.
SOURCE: Nat Toxins 1996;4(2):92-5
NLM CIT. ID: 96289783 (abstract present)
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I'reatment with oral 3,4 diaminopyridine
~  improves leg strength in multiple
sclerosis patients:

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

C.T. Bever, Jr., MD; P.A. Anderson, PhD; J. Leslie, PhD; H.S. Panitch, MD; S. Dhib-Jalbut, MD;
O.A. Khan, MD; R. Milo, MD; J.R. Hebel, PhD; K.L. Conway, RN; E. Katz, RN, and K.P. Johnson, MD

Article abstract—To examine the efficacy and toxicity of oral 3,4 diaminopyridine (DAP} in dosages up to 100 mg/day, 36
patients with multiple sclerosis (MS) enrolled in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined neurologic deficit, which was leg weakness in 34
patients. Secondary outcome measures included the patient’s subjective response, scored manual motor testing (MMT) of
leg strength, scored leg strength from videotaped motor testing (VMT), quadriceps and hamstrings strength (QMT)
measured by isometric dynamometry, neuropsychological testing (NPT), ambulation index (Al), and Expanded Disability
Status Scale (EDSS) score. Paresthesias and abdominal pain were common and were dose limiting in eight patients. Three
patients had episodes of confusion, and one patient had a seizure while on DAP. Eight patients withdrew from the study,
leaving 28 evaluable patients for the efficacy analysis. The prospectively defined neurologic deficit improved in 24
patients—22 on DAP and 2 on placebo (p = 0.0005). All improvements were in leg weakness. Subjective response and
measures of leg strength and function (MMT, VMT, QMT, and Al) improved on DAP compared with placebo. Neither NPT
nor EDSS scores improved. DAP treatment can induce improvements in leg strength in MS patients, but toxicity is

J--iting in many patients.
ROLOGY 1996:47:1457-1462

Multiple sclerosis (MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic neurologic symptoms' that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.? Although symp-
tomatic treatments are available for some MS symp-
toms,® there are no pharmacologic treatments for leg
weakness, one of the most common and disabling MS
symptoms. The observations that cooling* and
changes in serum ionized calcium® could cause im-
provement of neurologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
logic rather than being due to axonal or neuronal
loss. Pathologic studies showing relative preserva-
tion of axons in areas of demyelination® supported
this conclusion. Electrophysiologic studies of demy-
elinated nerve fibers show that abnormal potassium
currents contribute to conduction failure by decreas-
ing action potential duration and amplitude.” Potas-
sium channel blockers such as 4-aminopyridine (AP)
and 3,4 diaminopyridine (DAP)* improve nerve im-

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.
Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP improves
neurologic deficits*'* and function’ in MS patients,
but has significant toxicity.*!%!¢ A preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit without significant toxicity,!” but
two subsequent controlled trials using doses up to 80
mg/day in divided dosage showed little or no bene-
fit.181% We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to determine the safety, tolerability, and effi-
cacy of oral DAP in divided doses up to 100 mg/day.
The primary outcome measure was improvement in
prospectively defined neurologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The secondary outcome measures were the patient's
subjective response, results of manual motor testing
of lower extremity, ratings of videotaped neurologic
examinations, quadriceps and hamstrings strength

_E-:2 the Departments of Neurology (Drs. Bever, Panitch, Dhib-Jalbut, Khan, and Milo, K Conway. E. Katz. and Dr. Johnson], Physical Therapy (Dr.
- “son1, and Epidemiology and Preventive Medicine (Dr. Hebel), School of Medicine, and the Department of Pharmaceutical Sciences (Dr. Leslie), School
armacy, University of Maryland; and the Research and Neurology Services (Drs. Bever, Paniich, Dhib-Jalbut, and Khani, VA Medical Center,

Baltimore. MD.

Supported by grants RG 2127-A-1 and RG 2127-B-2 from the National Multiple Sclerosis Society.

Received February 22, 1996. Accepted in final form April 23, 1996.

Address correspondence and reprint requests to Dr. Christopher T. Bever, Jr.,

Baltimore, MD 21201.

Department of Neurvlogy, UMH, Room N4W46, 22 South Greene St.,

Copyright € 1996 by the American Academy of Neurology 1457

(3009 "$'N “LE ITLIL) MY Lperrrancne

30i10ON

—

noiy

Wbukdop auy ub
uoissiuad yim pajul

1oy



)

as measured by isometric dynamometry, neuropsy-
chological performance, ambulation, and overall dis-
ability.

Methods. Study medication. 3,4 DAP was obtained
from Regis Chemical Corporation (Morton Grove, IL) un-
der an investigational new drug license to C.T.B. and for-
mulated in capsules in the Department of Industrial Phar-
macy, School of Pharmacy, University of Maryland. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesias but not facial flush-
ing).

DAP dosing. At the beginning of each treatment arm,
patients were dose escalated from one capsule a day up to
five per day (taken at 7 aM, 11 aM, 2 pM, 5 PM, and 8 M)
over a 5-day period. Patients were then maintained at that
dosage unless intolerable side effects occurred, in which
case patients took one-half a capsule five times a day on
the same schedule.

DAP serum levels. Serum samples were drawn 30 min-
utes after the 11 aM dose twice during each treatment
period (after 1 week on treatment and on the day of the
final evaluation). Coded serum DAP levels were run using
a previously published method!® and reported to the study
safety monitor (K.P.J.), who had the authority to break the
blind and reduce DAP dosage if potentially dangerous DAP
levels were seen. The study monitor did not break the
blind on any patient or reduce dosage.

Patients. Thirty-six patients with clinical or laboratory-
supported definite MS?* between the ages of 21 and 65
were enrolled. Only patients with an acceptable study def-
icit were included. This was defined as a new but stable
neurologic deficit or an established deficit that was wors-
ened by heat or exercise. New but stable deficits included
only deficits that had been stable for more than 2 months,
but not present longer than 2 years. Patients with compli-
cating medical illnesses were excluded as were women who
were pregnant or lactating. In addition, patients with a
history of seizures, unexplained syncope, or epileptiform
activity on EEG were excluded. Patients who were unable
to abstain from operating motor vehicles during the treat-
ment periods were excluded. Fertile women were required
to use an acceptable method of birth control. Patients were
permitted to take symptomatic therapies during the trial
but were required to maintain a consistent dosage and
schedule. Where possible, patients were taken off baclofen
during the study, and where this was not possible, dosage
strengths and timing were carefully monitored and main-
tained constant throughout the study. The use of cortico-
steroids and immunosuppressive agents was not permitted
during the study. The study was IRB approved, and all
patients gave informed consent for participation.

Study design. Oral DAP was compared with nicotinic
acid (which was selected because it produces paresthesias
similar to those of DAP, but has no demonstrated effect on
either MS or core body temperature). Patients were ran-
domized to a sequence of two 30-day treatment periods
separated by a 30-day washout period. Efficacy evalua-
tions were carried out at baseline and at the end of each
30-day period by a blinded examining neurologist. Evalua-
tions were carried out in the same facility and at the same
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time of day, and oral temperature was monitored to assur#}
that differences were not due to temperature variations. 3

Safety evaluations. At the end of each treatment ped:
riod, CBC with differential; serum chemistries including?
electrolytes, blood urea nitrogen, creatinine, LDH, SGO’I';:’
and SGPT; coagulation profile including prothrombin time’
and partial thromboplastin time; and urinalysis were car.’
ried out. In addition, ECGs and EEGs were obtained.

Efficacy evaluations. Prospectively defined neurologic
deficit. During the screening evaluation, the examining
neurologist specified and rated the study deficit. This defi-
cit was rated at the end of each 30-day treatment period,
and at the final evaluation the examining physician indi-
cated whether the study deficit had improved and, if so,
during which treatment period it improved.

Patient subjective response. At the end of each treat-
ment period, patients were asked whether they noted any
improvement in their neurologic deficits, and their re-
sponse was recorded. At the end of the second treatment
period, the patients were asked which treatment had
caused greater improvement.

Manual motor testing (MMT) of leg strength. Strength
in the right and left iliopsoas, quadriceps, hamstrings, gas-
trocnemius, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale.?' A
strength score at each time point was obtained by sum-
ming the ratings of the individual muscles.

Scored videotaped neurologic examination. The exam-
ining physician’s neurologic examination was recorded at
the end of each treatment period. The paired tapes from
the two treatment periods were reviewed by neurologists
not involved in the conduct of the trial who rated motor
strength in the legs, ambulation, and overall improvement.
Leg strength from videotaped motor testing (VMT) was
rated in the right and left iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.?' A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary 0 to 5 scale
and for the global assessment based on the evaluator’s
assessment as to the treatment period during which the
patient appeared better neurologically.

Quadriceps and hamstrings strength (QMT) measured
by isometric dynamometry. Maximum force output of the
quadriceps and hamstrings muscles in isometric contrac-
tion was measured using a testing apparatus consisting of
a computer-controlled hydraulically powered lever arm
coupled to a force transducer (Kin-Com, Med*Ex Diagnos-
tics, Inc., Canada). Testing was carried out at the same
time of day for each patient at the same ambient tempera-
ture by the same examiner (P.A A.). Patients were tested
seated on the apparatus with 110° of hip flexion and 45° of
knee extension. Strength was measured in triplicate deter-
minations (with a 1-minute rest between replicates) of
maximum isometric contractions of the quadriceps and
hamstrings muscles using a Kin-Com testing apparatus.
Strength was expressed in dynes/m>.

Neuropsychological evaluation (NPT). Patients were
tested using the Brief Repeatable Battery of Neuropsycho-
logical Tests for Multiple Sclerosis,?** which is comprised
of the Selective Reminding Test, the 10/36 Spatial Recall
Test, the Symbol Digit Modalities, the Paced Auditory Se-
rial Addition Task, and Word List Generation Tests. It was




Table 1 Summary of neurologic evaluations

Number of patients

——

Mean score or power > standard

improved error

Uutcome measure DAP Placebo DAP Placebo p value
Study deficit 22 2 — — 0.0005%
Patient subjective 15 3 — — 0.008+
Manual motor test score 17 4 416 - 1.63 399> 17 0.002;
Quantitative motor testing

Hamstrings strength* 15 130 = 12 123 * 11 0.001%

Quadriceps strength* 16 8 231 = 27 206 = 25 0.04%
Video ratings

Leg strength score 17 8 58.1=x29 56.8 = 3.0 0.001:

Ambulation score 11 5 494 = 0.50 4.48 = 0.49 0.054%

Global rating 14 6 1.12 # 0.18 0.52 = 0.15 0.084:
Ambulation index 5 0 50 = 0.41 515 * 0.45 0.021
* Dynes/m?.

+ Exact binomial probability.
} From Wilcoxon signed rank test.

administered and scored according to published proce-
dures.? Tests were administered by the same examiner, at
the same location, at the same time of day for all patients,
and alternate forms were used for each repeated examina-
tion.

# 4mbulation index (Al) and Expanded Disability Status

e (EDSS). Standard neurologic history and examina-
tion were used to score the patients on the EDSS.* Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the AL.%*

Statistical methods. The treatment response of the
prospectively defined study deficit in each patient was
rated and the patient subjective response assessed at the
end of the second treatment period. The significance of
differences in improvement rates for the study deficit and
the patient subjective response were determined using ex-
act binomial probabilities. Paired scores (DAP treatment
arm versus placebo arm within patients) from MMT, QMT,
VMT, NPT, and Al were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and Al were calculated for descriptive pur-
poses.

Results. Patient characteristics and retention. Thirty-
six patients (14 men and 22 women) were enrolled in the
study (table 1). The mean age was 44 (range, 21 to 65),
mean EDSS score at entry of 6.0 (range, 2.5 to 9.0}, and
disease duration was 15.6 years (range, 2 to 29 years).
Twenty-nine patients had chronic progressive and seven
patients had relapsing-progressive MS. The study deficits
in 34 were leg weakness and in 2 arm ataxia. Eight pa-
tients failed to complete the study—one because of the
S~currence of a urinary tract infection with confusion and
rologic deterioration (no. 1), one for personal reasons
w. 11), one because of paresthesias and anxiety (no. 17),
four because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the
occurrence of aspiration pneumnonia (no. 33). Twenty-eight
Patients completed the study. Thirteen received DAP dur-

ing the first treatment period, and eight received it during
the second. Although patients were randomly assigned to
treatment order, it was found at the completion of the
study that the group who received DAP first were less
disabled, with an average EDSS score of 4.8 compared
with an average of 7.2 in those who received DAP second.

Adverse events. Thirty-one of 36 patients reported
DAP-related adverse events. The most common adverse
events were paresthesias, which were reported by 25 pa-
tients on DAP and 5 patients on placebo. Abdominal pain
was reported by 19 patients on DAP and only 2 on placebo.
Confusion occurred in three patients on DAP and no pa-
tient on placebo; however, two of the episodes occurred in
the context of complicating medical illnesses— urosepsis in
patient 1 and aspiration pneumonia in patient 33. A grand
mal seizure occurred in patient 4 while on DAP treatment,
and no seizures occurred during the placebo arm of the
trial. Dose-limiting side effects were encountered in eight
patients on DAP. This was due to abdominal pain or par-
esthesias in seven and anxiety in one (no. 17), and was
managed by reductions of DAP dosage to 10 mg five times
a day in five patients and by discontinuation of treatment
in three.

Efficacy. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which was improvement in the prospectively de-
fined neurologic deficit. Twenty-four patients im-
proved—22 on DAP and 2 on placebo (p = 0.0005, Fisher's
exact test).

Subjective response. Seventeen patients reported sub-
jective improvement during treatment—14 improved dur-
ing the DAP arm only, two improved during the placebo
arm only ( p = 0.009, Fisher’s e¢xact test), anid one patient
(no. 10) reported improvement during both arms.

Manual motor testing. MMT of the leg strength (see
table 1) improved in 17 patients during the DAP arm and
in four during the placebo arm (seven were unchanged).
Mean strength scores are shown in figure 1. Patients who
received DAP first are shown separately from those who
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Figure 1. Graph of mean strength scores measured by
manual motor testing over the 16-week trial in patients
who received DAP during the first (white circles) and sec-
ond (black circles) treatment periods.

received DAP second, and because of the difference in av-
erage disability between the two groups, the baseline
means are different. A second analysis was carried out
comparing the scores for all patients during the DAP arm
with the scores during the placebo arm. Although the
mean examination score of 41.6 during the DAP treatment
arm was only slightly higher than the mean score of 39.9
during the placebo arm, the difference between the two
arms was statistically significant (p = 0.002, Wilcoxon
signed rank test).

Evaluations of videotaped neurologic examina-
tions. Videotaped neurologic examinations were available
from both treatment periods on 25 patients (see table 1).
Scored leg strength was significantly higher during the
DAP treatment period (p = 0.001, Wilcoxon signed rank
test). Trends in favor of DAP treatment were seen in both
scored ambulation and global assessment (see table 1).

Quantitative motor testing. A significant treatment-
related improvement was seen in the results of quantita-
tive measurement of quadriceps and hamstrings strength
(see table 1). Changes in mean strengths are shown in
figure 2. Again, patients who received DAP first are shown
separately from those who received DAP second, and the
baseline means are different for the two groups. A sepa-
rate analysis comparing all scores for the two treatment
arms showed that mean hamstrings strength was 130
dynes/m? during the DAP-treatment arm compared with
124 dynes/m? during the placebo arm ( p = 0.001, Wilcoxon
signed rank test). Mean quadriceps strength was 233
dynes/m® during the DAP-treatment arm and 210
dynes/m? during the placebo-treatment arm (p = 0.041,
Wilcoxon signed rank test).

Ambulation. Mean Al over the course of the trial is
shown in figure 3. Again, mean baseline Als for the two
treatment groups (DAP first versus placebo first) were

1460 NEUROLOGY 47 December 1996

Mean Strength (Dynes/mz)

_
- _J

Week

Figure 2. Graph of mean quadriceps (circles) and ham-
strings (squares) strength measured by isometric dyna-

mometry over the 16-week trial in patients who received
DAP during the first (white symbols) and second (black
symbols) treatment periods.

slightly different. In a separate analysis comparing scores
during DAP treatment with those during placebo treat-
ment, improvements in Al were seen during DAP treat-
ment (p = 0.022, Wilcoxon signed rank test).

Responder analysis. A responder analysis was carried
out to determine whether improvement in the study deficit
correlated with improvement in MMT, VMT, and QMT. Of
the 21 patients who had improvement in their study deficit

6.8

6.6

6.4
4.2 )

C

4 -

3.8 T T T

Mean Ambulation Index

Week

Figure 3. Graph of mean ambulation index over the 16-
week trial in patients who received DAP during the first
(white circles) and second (black circles) treatment
periods.




Table 2 Summary of neuropsychological test results (mean score)

Qutcome measure DAP Placebo
A

ctive reminding 37.5 * 10.3 369 =124

10/36 spatial recall 188 5.0 172 = 5.7
(long-term storage!

Symbol digit modalities 34.2 = 155 345176
Paced auditory serial addition 66.6 = 24.7 654 =240
Word list generation 28.6 = 10.2 27.7-94

(leg strength), 19 had improvement in at least two of the
other measures, and 10 had improvement in all.

Other efficacy evaluations. None of the outcome mea-
sures showed evidence of a period or carry-over effect
(Fisher's exact test, results not given). No significant
treatment-related changes in NP performance were seen
(table 2). No changes in EDSS score were seen during
either treatment arm (results not given). Thirteen of the
22 patients with improvement in their prospectively de-
fined neurologic deficits elected to enter an open-label ex-
tension of treatment.

Serum level data. The magnitude of peak serum DAP
levels correlated with adverse events but not efficacy. Se-
rum level data were available on 28 patients. DAP was
detected in 26 patients during the DAP-treatment period,
and no DAP was detected in the serum of any patient
during the placebo-treatment period. The mean peak se-

=== DAP level was 44 * 7.4 ng/mL. The mean peak level

. 10 patients in whom dosage reduction was necessary
aue to adverse events was 69 * 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 * 7.3 ng/mL (p < 0.05, Stu-
dent’s ¢ test). The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was
41 = 9.1 ng/mL, not significantly different from the mean
for all patients.

Discussion. Treatment with oral DAP in total
daily doses up to 100 mg/day produced improvement
in prospectively defined neurologic deficits in MS pa-
tients in a double-blind, placebo-controlled, crossover
trial. In addition, lower-extremity strength, as mea-
sured by manual and quantitative isometric testing,
and lower-extremity function, as indicated by im-
provement in Al, improved. These results are consis-
tent with the results of an open label trial."" One
previous placebo-controlled trial of DAP doses up to
80 mg/day showed subjective but not objective im-
provements in MS patients.'®* A second, blinded,
crossover comparison of oral DAP in doses of 40 to 80
mg/day with oral AP showed improvement in neuro-
physiologic tests of visual function comparable with
AP, but no improvements in ambulation, vision,
and spasticity. The only clinically relevant changes
~ " improvements in concentration in one patient
- . fatigue in one patient of ten tested. AP produces
similar motor improvements,® which are related to
total drug exposure, not peak serum concentration.
Although DAP treatment did not improve EDSS
scores as AP treatment did in one trial,’ five pa-

tients had improvement of ambulation as reflected in
the Al The present trial is the first to show signifi-
cant neurologic improvements with DAP treatment
in a randomized, double-blind, placebo-controlled for-
mat. :

DAP doses up to 100 mg/day produced significant
toxicity. Eighty-six percent of 36 patients reported
side effects during the DAP arm of the trial, whereas
only 20% reported them during the placebo arm. The
frequency of side effects was greater in this trial
than in previous trials of lower doses of DAP,52 but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment.'®* The most common side effects were
paresthesias reported by 25 patients and abdominal
pain reported by 19 patients during the DAP arm.
These results are similar to a comparison of DAP
and AP* and suggest that DAP has greater periph-
eral toxicity than AP. Abdominal pain necessitating
dosage reduction occurred in six patients during the
DAP arm of the present study. Studies of AP did not
produce comparable results because dose titration
protocols were used.!*!* Patient no. 2, who had no
history of syncope or seizures, had a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DAP? and AP?' rarely cause seizures and are
dose and serum concentration related.® Two serious
adverse events (requiring hospitalization) occurred
that were not clearly related to DAP treatment: one
patient (no. 1) developed a confusional episode in the
context of urosepsis while on DAP, and a second
patient (no. 33), who had a history of episodes of
choking with airway obstruction, had a similar epi-
sode resulting in an aspiration pneumonia while on
DAP. Similar to the experience with AP,? DAP toxic-
ity appears to be related to peak serum levels.!? Be-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,* and
the serum half-life of DAP is shorter than AP," a
similar approach might be useful with DAP. Al-
though DAP treatment appears to improve leg
strength and ambulation in some MS patients, it has
significant toxicity, and its use should be limited to
therapeutic trials until definitive trials show that it
is safe and effective.

References

1. McFarlin DE, McFarland HF. Multiple sclerosis. N Engl
J Med 1982,307:1183-1188, 1246-1251.

2. Matthews WB, Batchelor JR, Acheson ED, Weller RO. Symp-
toms and signs. In: Matthews WB, ed. McAlpine's multiple
sclerosis. Edinburgh: Churchill Livingstone, 1985:96-145.

3. Matthews WB, Batchelor JR, Acheson ED, Weller RO. Treat-
ment. In: Matthews WB, ed. McAlpine's multiple sclerosis.
Edinburgh: Churchill Livingstone, 1985:233-278.

4. Watson C. Effect of lowering body temperature on the symp-
toms and signs of multiple sclerosis. N Engl J Med 1959;261:
1253-1259.

5. Davis FA, Becker FO, Michael JA, Sorensen E. Effect of intra-
venous sodium bicarbonate edetate (Na2EDTA) and hyperven-
tilation on visual and oculomotor signs in multiple sclerosis.
J Neurol Neurosurg Psychiatry 1970;33:723-732.

6. Prineas JW, Wright RG. Macrophages, lymphocytes and

December 1996 NEUROLOGY 47 1461




"
[}

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

1462 NEUROLOGY 47

plasma cells in the perivascular compartment in chronic mul-
tiple sclerosis. Lab Invest 1978;38:409-418.

. Waxman SG. Membranes, myelin and the pathophysiology of

multiple sclerosis. N Engl J Med 1982;306:1529 -1533.

. Bostock H, Sears TA, Sherratt RM. The effects of

4-aminopyridine and tetraethylammonium ions on normal
and demyelinated mammalian nerve fibers. J Physiol (Lond)
1981;313:301-315.

. Bever CT, Young D, Anderson PM, et al. The effects of

4-aminopyridine in multiple sclerosis patients: results of a
randomized, placebo-controlled, double-blind, concentration-
controlled, crossover trial. Neurology 1994;44:1054 -1059.
Jones RE, Heron JR, Foster DH, Snelgar RS, Mason RJ. Ef-
fects of 4-aminopyridine in patients with multiple sclerosis.
J Neurol Sci 1983;60:353-362.

Davis FA, Stefoski D, Schauf CL. Orally administered
4-aminopyridine improves clinical signs in multiple sclerosis.
Ann Neurol 1990;27:186-192.

Stefoski D, Davis FA, Faut M, Schauf CL. 4-Aminopyridine in
patients with multiple sclerosis. Ann Neurol 1987;27:71-75.
Stefoski D, Davis FA, Fitzsimmons WE, Luskin SS, Rush J,
Parkhurst GW. 4-Aminopyridine in multiple sclerosis: pro-
longed administration. Neurology 1991;41:1344 -1348.
vanDiemen HAM, Polman CH, vanDongen TMMM, et al.
4-Aminopyridine induces functional improvement in multiple
sclerosis patients: a neurophysiological study. J Neurol Sci
1993;116:220-226.

vanDiemen HAM, Polman CH, vanDongen TMMM, et al. The
effect of 4-aminopyridine on clinical signs in multiple sclero-
sis: a randomized placebo-controlled, double-blind, crossover
study. Ann Neurol 1992;32:123-130.

Polman CH, Bertelsmann FW, vanLoenen AC, Koetsier JC.
4-Aminopyridine in the treatment of patients with multiple
sclerosis: long-term efficacy and safety. Arch Neurol 1994;51:
292-296.

Bever CT, Leslie J, Camenga D, Panitch HS, Johnson KP.
Preliminary trial of 3,4-diaminopyridine in patients with mul-
tiple sclerosis. Ann Neurol 1990;27:421-427.

Carter JL, Stevens JC, Smith B, et al. A double-blind,
placebo-controlled crossover trial of 3,4 diaminopyridine in
the symptomatic treatment of multiple sclerosis {abstract].
Ann Neurol 1993;34:272.

Leslie J, Bever CT. Analysis of 3,4 diaminopyridine in human

December 1996

20.

21.

22.

23.

24,

25.

26.

21.

28.

29.

30.

serum by solid phase extraction and high performance liquid
chromatography with ultraviclet detection. J Chromatogr
1989;496:214 -222.

Poser CM, Paty DW, Scheinberg L, et al. New diagnostic
criteria for multiple sclerosis: guidelines for research proto-
cols. Ann Neurol 1983;13:227-231.

Medical Research Council. Aids to the examination of the
peripheral nervous system, vol 45. London: Her Majesty’s Sta-
tionery Office, 1976:1.

Rao SM, Leo GJ, Ellington L, Nauertz T, Bernardin L, Unver-
zagt F. Cognitive dysfunction in multiple sclerosis. I. Fre-
quency, patterns and prediction. Neurology 1991;41:685-691.
Rao SM and the NMSS Cognitive Function Study Group. A
manual for the brief repeatable battery of neuropsychology
tests in multiple sclerosis. New York: National Multiple Scle-
rosis Society, 1990.

Rao SM, Leo GJ, Ellington L, Nauretz T, Bernardin L, Unver-
zagt F. Cognitive dysfunction in multiple sclerosis. II. Impact
on employment and social functioning. Neurology 1991:41:
692-696.

Bever CT, Grattan L, Panitch HS, Johnson KP. The brief
repeatable battery of neuropsychological tests for multiple
sclerosis: a preliminary study. Multiple Sclerosis 1995;1:165~
169.

Kurtzke JF. Rating neurologic impairment in multiple sclero-
sis: an expanded disability status scale (EDSS). Neurology
1983;33:1444 -1452.

Hauser SL, Dawson DM, Lehrich JR, et al. Intensive immuno-
suppression in progressive multiple sclerosis: a randomized,
three-arm study of high-dose intravenous cyclophosphamide,
plasma exchange and ACTH. N Engl J Med 1983;308:173-
180.

Polman CH, Bertelsmann FW, deWaal R, et al
4-Aminopyridine is superior to 3,4 diaminopyridine in the
treatment of patients with multiple sclerosis. Arch Neurol
1994;51:1136-1139.

McEvoy DM, Windebank AJ, Daube JR, Low PA. 3,4 Diamin-
opyridine in the treatment of Lambert-Eaton myasthenic syn-
drome. N Engl J Med 1989;321:1567-1571.

Bever CT Jr, Young D, Tierney D, et al. The pharmaco-
kinetics and tolerability of a slow-release formulation of
4-aminopyridine in multiple sclerosis patients [abstract]. Neu-
rology 1995;45(suppl 4):A351.




s NOTIGE
MATERIAL MAY SE PROTECTED BY JouraL oF
Ll YEnGHT LAW (TITLE 17, U.S. CODE) NE RGeS

tLSEVIER

Journal of the Neurological Sciences 128 (1996) 93-96

A double-blind placebo-controlled study of 3,4-diaminopyridine in

amytrophic lateral sclerosis patients on a rehabilitation unit
Reprinted with permission
through the Copyright
Clearance Center

Mindy L. Aisen

The Burke Rehabititation Center, 785 Mamaroneck Ave..

Daniel Sevilla. Lisa Edelstein. John Blass
Wiiite Plains. NY 10603, USA

Received 3 August 1995: revised 16 November [995: accepted 4 December }995

Abstract

3.4-Diaminopyndine (DAP) enhances acetylcholine release from the nerve terminal and improves conduction in demyelinated axons.

In this double-blinded placebo controlied cross over study we examined the effects of DAP combined with inpatient rehabilitation in nine
patients with disabling motor weakness due to amyvotrophic lateral sclerosis (ALS). A single dose of DAP or placebo was increased daily
to the maximum (range: 10-80 mg) tolerated dose: after patients were assessed on the first treatment, the alternate drug was given in the
same manner. Functional Independence Measurement (FIM). Ashworth. grip strength. limb strength measurements. nerve conduction
studies and speech assessments were initiated 1 /2 h after receiving the maximum tolerated dose of DAP or placebo. DAP was tolerated
‘_i.r_l_kall patients. but limited by gastrointestinal side effects in four patients. The mean peak serum fevel was 20.11 (S.D. = 5.11) ng/ml,
“urring 1.25(S.D. = 0.56) b after dose. A statistically significant improvement in FIM and speech asessment scores between admission
4 discharge occurred. However. no significant differences in clinical or electrophysiologic measures were seen between DAP and
placebo treatments. This study suggests that intensive inpatient rehabilitation has a role in the management of patients with ALS. but DAP

!

!_\l?en'pheral nervous syvstem (Lundh et al.

does not diminish motor impairment.

Kevwords: Amyotrophic Jateral sclerosis: Diuminopyridine: Rehabilitation

L. Introduction

Amyotrophic lateral sclerosis (ALS) causes insidiously
progressive motor weakness due 1o degeneration of pyra-
midal tracts and motor neurons. Conventional management
currently focuses on treating the neurological and medical
complications of the illness. Recently we reported the
Tesults of an open label study of single dose oral 3.4-di-
aminopvridine (DAP) combined with inpatient rehabilila-
tion in patients with severe late stage ALS for symp-
lomatic treaiment of disabling motor weakness (Aisen et
al.. 1994). DAP is a slow potassium channel blocker which
enhances acetvicholine release from the nerve terminal and
improves conduction in unmyelinaied and demyelinated
Derve. The aminopyvndines have shown promise in ameho-
rating mator weakness in other diseases of central and
1984: Bever et
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al.. 1994 and Bever et al.. 1990: McEvoy et al..
Murray and Newsom-Davis. 1981).

In addition to causing degeneration on motor neurons,
ALS is associated with corticospinal tract degeneration
with demy elination: significant prolongation of central mo-
tor conduction latencies have been reported (Hugon et al..
1987: Ingram and Swash. 1987). Our rationale for choos-
ing DAP as a symptomatic treatment for disabling himb
paresis in ALS was based on its potential for enhancing
central conduction velocity. In addition. DAP can improve
peripheral syvnaptic efficiency. and previous studies have
suggested short-term benefit in strength in ALS patients
given guanidine. another drug which enhances acetyl-
choline release from the nerve termina) (Norris. 1973).

In the pilot study. DAP was well tolerated in patients
with advanced ALS. Doses of 20-80 mg appeared 1o
produce a modest increase in strength and a significamt
improvement in functional status. as measured by the
Functional Independence Measure (FIM) (Granger et al..
1986). Improsements in strength and functional status
were maintained 1-3 weeks after the drug was discontin-
ued.

1989:
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To ascertain whether DAP and /or inpatient rehabilita-
tion have a meaningful role in ALS. we conducted a
double-blind placebo controlled crossover study of the
effects of single oral dose therapy on motor strength.
functional status and nerve conduction (NCV).

2. Materials and methods

Nine patients (5 male. 4 female: ages 47-75. 0.25-9.00
years since diagnosis) with disabling motor weakness due
to advanced (ALS) were admitted to the Burke Rehabilita-
tion Hospital. The diagnosis was based on a history of
progressive weakness, clinical evidence of upper and lower
motor neuron dysfunction, electromyographic evidence of
denervation in a minimum of three limbs and the exclusion
of other conditions. Before entering the study all patients
had an electrocardiogram. an electroencephalogram. a
complete blood count, and renal and liver function tests:
any significant abnormality precluded study participation.
The protocol was approved by the Institutional Review
Board of the Burke Rehabilitation Hospital. Wntten in-
formed consent was obtained.

Each patient received daily individualized physical and
occupational therapy. Speech therapy was prescribed to
4/9 patients on the basis of clinical need.

Patients received a daily oral dose of the drug studied
with either breakfast or lunch. The Burke Rehabilitation
Hospital pharmacy compounded 250 mg lactose with 10
mg DAP in clear gelatin capsules. Placebo capsules con-
tained only lactose. Patients received either DAP or placebo
(*drug 1) during the first evaluation period. and the alter-
native (*drug 2') during the second. DAP or placebo was
administered by the pharmacy to patients in code format.
Investigators. therapists. and study subjects remained
blinded to dosage contents. The code was not broken until
all subjects completed the study and were discharged.
Dosage started at 10 mg and increased daily to the maxi-
mum tolerated dose. which did not exceed 80 mg. Patients
were assessed half an hour after receiving maximum drug
dosage.

Each patient had clinical and electrophysiological ey,
uations at admission. within | h after maximum dose
drug [. within | h after maximum dose of drug 2, ang ,
discharge.

Assessments included nerve conduction tests of ty,
motor nerves. usually median and tibial. Nerve conductiq,
velocities. distal latencies, evoked response amplitudes gp,
F response latencies were recorded. Pulmonary functje,
measurements ( P Max and P, Max) were performed by .
respiratory therapist. Functional performance was quany;
fied by FIM scores generated by a certified occupation,
therapist. The FIM is an established and validated fync
tional status instrument designed for use in the rehabilit,
tion population (Dodds et al.. [993). The FIM require
rating the performance of 18 tasks of daily living from -
(dependent) to 7 (independent). and calculating the sun
(maximum score 126). Motor function was quantified by .
neurologist, using the scale developed in the previoy
study (Aisen et al., 1994: Bensimon et al.. 1994: L4
comblez et al.. 1989). Strength in fourteen individua
muscle groups was scored (0 =no contraction - 5=
normal strength) and summed. The Ashworth scale wa-
used to assess muscle tone {Ashworth. 1964).

Serum samples were taken every half hour for up to 2 +
after patients received maximum levels of drug. and DA}
concentrations were measured on site with high perfor
mance liquid chromatography. after completion of the
clinical tral. Statistical analysis of data was performed or
a Macintosh II computer using the Statview I softwar.
program. One factor analysis of varance (ANOVA) witt
post hoc analysis was performed to compare admissior
and discharge performance and DAP and placebo perfor
mance.

3. Results

The average length of stay for the studyv population wa-
20.33 days (S.D. = 4.30 days). The mean maximum toler
ated dose of DAP was 44.44 mg (S.D. = 24.68 mg: rang.
10 to 80 mg) and of placebo was 46.11 mg (S.D. = 23.6¢

Table |

Side effects

Patient DAP  Side effects Severity Placebo  Side effects Severity
(mg) tmg)

A 80 Tingling {perioral and fingertips) Mild 30 Bad taste in mouth Mild

B 10 Tingling tleft hand) Mild 10 None NOA

C 60 Tingling (perioral. fingers. neck ). ahdominal cramping  Mild 60 Tingling (perioral) Mild

D 60 Abdominal cramping Mild 60 Tingling (perioral). abdominal cramping N A

E 20 None NSA 30 Tingling (perioral). anxiety Mild

F 60 None N/A 60 Tingling (right leg) Mild

G Tingling (perioral} Mild 60 None N/A

H AN Tingiing (facial 30 mg). abdominal cramping Severe 40 Abdominal cramping Mild

! N Tingling (perioral 20 mg). abdominal cramping Moderate 15 None NSA
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Fig. 1. DAP serum concentrations on established dose

mg: range 10 to 80 mg). Side effects occurred on DAP and
placebo as shown in Table . and included paresthesia.
#jety. and abdominal cramping.

Analysis of FIM scores on DAP and placebo showed no
significant difference (p =0.902: mean DAP score =
102.44, S.D.=19.11, placebo = 102.67, S.D.=19.16).
However. a statistically significant improvement between
admission and discharge FIM scores was evident (p =
0.033). The group mean score increased from 96.5 (S.D. =
18.21) on admisston to 101.88 (17.84) on discharge.

Motor strength did not significantly change either on
DAP ( p = 0.966: mean DAP score = 55.53, S.D. = 11.05;
placebo = 55.59. S.D. = 4.49) or between admission and
discharge (p = 0.782: mean DAP score = 53.61. S.D. =
11.0]. placebo = 53.24, S.D.= 13.52). Similarly. grp
strength recordings and Ashworth assessments also showed
no significant changes.

" Speech intelligibility scores similarly showed no differ-
ence bhetween DAP and placebo ( p = 0.480: mean DAP
score = 47.50. S.D. = 35.83. placebo = 51.5.S.D. = 31.26)
but did improve significaniy between admission and dis-
charge ( p = 0.0486. mean DAP admission score = 34.00.
$.D. = 35.63. discharge = 50.50. S.D. = 33.20).

Nerve conduction velocities. evoked response amph-
tudes, and F-wave latencies showed no significant differ-
ences among admussion. DAP. and placebo assessments.
No reversals in cunduction block occurred There was also

~™ significant change in group P, Max and P Max perfor-

.ce from admission to discharge and between DAP and
Placebo.

Peak serum levels of DAP ranged from 13-27 ng /ml.
The mean peak serum level was 2011 ng/mL (§.D =

5.11). The average time to peak level was 1.25 h (0.56).
(Fig. 1).

4. Discussion

As in our previous study. subjects treated with multidis-
ciplinany rehabilitation and DAP experienced an improve-
ment in functional status. This study showed improvement
occurming independent of DAP or placebo treatment. and
was sustained after all study drug was discontinued. Motor
strength scores increased to a degree which did not achieve
significance on both active medication and placebo. and
declined after the drug was discontinued. These findings
are consistent with our prior open label study. and suggest
that changes in strength reflect a placebo effect. They also
suggest that short term intensive multidisciplinary rehabifi-
tation improves function in patients with profound impair-
ment and disability from advanced ALS. We conclude that
oral DAP does not have a useful role in the treatment of
advanced ALS. but that short term inpatient rehabilitation
may. despite the progressive nature of the disease. Short-
term intensive inpatient rehabilitation is not conventional
in this population, perhaps because of a prevailing belief
that its cost is not wamranted in an incurable disease.
Further study is needed to clarify the degree of benefit in
terms of quality of life, morbidity, monality and eco-
nomics. It is important 10 determine how Jong lasting these
effects are and explore alternatives to inpatient rehabilita-
tion in controlied pilot programs.
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Abstract

1.4-Diaminopyridine (DAP) enhances acetyIcholine release from the nerve terminal and improves conduction in demyelinated axons

In this double-blinded placebo controlled cross over study we examined the effects of DAP combined with inpatient rehabilitation in nine
patients with disabling motor weakness due to amvotrophic fateral sclerosis (ALS). A single dose of DAP or placebo was increased daily

to the maximum (range: 10-80 mg) tolerated dose: after patients were assessed on the first treatment. the alternate drug was given in the
same manner. Functional Independence Measurement (FIM). Ashworth. grip strength. limb strength measurements. perve conduction
studies and speech assessments were initiated [ /2 h after receiving the maximum tolerated dose of DAP or placebo. DAP was tolerated

in ajl patients. but limited by gastrointestinal side effects in four patients. The mean peak serum level was 20.11 (S.D. = 5.11) ng/ml.
~~urring 1.25 (S.D. = 0.56) b after dose A statistically sigmficant improvement in FIM and speech asessment scores between admission
— 'discharge occurted. However. no significant differences in clinical or electrophysiologic measures were seen between DAP and
.ebo treatments. This study suggests that intensive inpatient rehabilitation has a role in the management of patients with ALS. but DAP

woes not diminish motor impairment.

Kevwords: Amyotrophic lateral sclerosis. Diaminopyridine: Rehabilitauon

L. Introduction

Amyotrophic lateral sclerosis (ALS) causes insidiously
progressive motor weakness due to degeneration of pyra-
midal tracts and motor peurons. Conventional management
currently focuses on treating the neurological and medical
complications of the illness. Recently we reported the
Tesults of an open lubel study of single dose oral 3.4-di-
aminopynidine (DAP) combined with inpatient rehabhilita-
tion in patients with severe late stage ALS for symp-
lomatic treatment of disabling motor weakness (Aisen et
al.. 1994) DAP i< a slow potassium channel blocker which
enhances acets Ichaline release from the nerve terminal and
improves conduction in unmyelinated and demaelinated
ferve. The aminopynidines have shown promise 1in ameho-
rating motor weakness in other diseases of central and
Peripheral nemvous system (Lundh et al.. 1984: Bever et

al.. 1994 and Bever et al. 1990: McEvoy et al.. 19§9:
Murray and Newsom-Davis. 1981).

In addition to causing degeneration on motor neurons.
ALS 1< associated with corticospinal tract degeneration
with dems elination: significant prolongation of central mo-
tor conduction fatencies have been reported (Hugon et al..
987, Ingram and Swash. 1987). Our rationale for choos-
ing DAP as a symptomatic treatment for disabling imb
paresis in ALS was based on its potential for enhancing
central conduction velocity. In addition. DAP can improve
penipheral synaptic efficiency. and previous studies have
suggested short-term benefit in strength in ALS pautents
gnen guamdine. another drug which enhances acetyvl-
choline release from the nerve terminal (Norris. 1973).

In the pilot studv. DAP was well tolerated in patients
with advanced ALS. Doses of 20-80 mg appeared 1o
produce a modest increase in strength and a sigmficant
improvement in functional status. as measured by the

o~ Functional Independence Measure (FIM) (Granger et al..
1986). Improvements in strength and functional status
were mamtained 1-3 weeks after the drug was discontin-
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To ascertain whether DAP and /or inpatient rehabilita-
tion have a meaningful role in ALS. we conducted a
double-blind placebo controlled crossover study of the
effects of single oral dose therapy on motor strength.
functional status and nerve conduction (NCV).

2. Materials and methods

Nine patients (3 male, 4 female: ages 47-75: 0.25-9.00
years since diagnosis) with disabling motor weakness due
to advanced (ALS) were admitted to the Burke Rehabilita-
tion Hospital. The diagnosis was based on a history of
progressive weakness. clinical evidence of upper and lower
motor neuron dysfunction. electromyographic evidence of
denervation in a minimum of three limbs and the exclusion
of other conditions. Before entering the study all patients
had an electrocardiogram. an electroencephalogram. a
complete blood count. and renal and liver function tests:
any significant abnormality precluded study participation.
The protocol was approved by the Institutional Review
Board of the Burke Rehabilitation Hospital. Written in-
formed consent was obtained.

Each patient received daily individualized physical and
occupational therapy. Speech therapy was prescribed to
4/9 patients on the basis of clinical need.

Patients received a daily oral dose of the drug studied
with either breakfast or lunch. The Burke Rehabilitation
Hospital pharmacy compounded 250 mg lactose with 10
mg DAP in clear gelatin capsules. Placebo capsules con-
tained only lactose. Patients received either DAP or placebo
(*drug 1°) during the first evaluation period. and the alter-
native (*drug 2') during the second. DAP or placebo was
administered by the pharmacy to patients in code format.
Investigators. therapists. and study subjects remained
blinded to dosage contents. The code was not broken until
all subjects completed the study and were discharged.
Dosage started at 10 mg and increased daily to the maxi-
mum tolerated dose. which did not exceed 80 mg. Patients
were assessed half an hour after receiving maximum drug
dosage.

Each patient had clinical and electrophysiological ey,
uations at admission, within | h after maximum dose ¢
drug 1. within I h after maximum dose of drug 2, anq .
discharge.

Assessments included nerve conduction tests of ity
motor nerves. usually median and tibial. Nerve conductjq
velocities, distal latencies, evoked response amplitudes ap
F response latencies were recorded. Pulmonary functjq
measurements ( P, Max and P, Max) were performed by
respiratory therapist. Functional performance was quant
fied by FIM scores generated by a certified occupation;
therapist. The FIM is an established and validated fun
tional status instrument designed for use in the rehabiliy,
tion population (Dodds et al.. 1993). The FIM require
rating the performance of 18 tasks of daily living from
(dependent) to 7 (independent). and calculating the su,
(maximum score {26). Motor function was quantified by
neurologist, using the scale developed in the previoy
study (Aisen et al.. 1994: Bensimon et al. 1994: [,
comblez et al.. 1989). Strength in fourteen individu:
muscle groups was scored (0 =no contraction - 5=
normal strength) and summed. The Ashworth scale wa
used to assess muscle tone (Ashworth. 1964).

Serum samples were taken every half hour forup to 2
after patients received maximum levels of drug. and DA
concentrations were measured on site with high perfor
mance liquid chromatography. after completion of th
clinical trial. Statistical analysis of data was performed o
a Macintosh II computer using the Statview [I softwar
program. One factor analysis of variance (ANOVA) wit.
post hoc anmalysis was performed to compare admissio
and discharge performance and DAP and placebo perfor
mance.

3. Results

The average length of stay for the study population wu
20.33 days (S.D. = 4.30 days). The mean maximum tole:
ated dose of DAP was 44.44 mg (S.D. = 24.68 mg: rany
10 to 80 mg) and of placebo was 46.11 mg (S.D. = 23.6

Table |

Side effects

Patient  DAP  Side effects Sevenity Placebo  Side effects Senventy
fmg! (mg!)

A 30 Tingling {fperorat and fingerups) Mild %0 Bad taste 1n mouth Mild

B 10 Tingling teft hand? Mild 10 None NoA

C 50 Tingling {penoral. fingers. necht abdominal cramping  Mild 60 Tingling {perioral) Mild

D 50 Ahdominal cramping Mild 60 Tingling tperioral). abdominal cramping N A

E 0 None NOA 10 Tingling ¢{perioral). anxiety Mild

F 60 None NCA 60 Tingling (nght leg) Mild

G 60 Tingling {perioral) Mild 60 None NOA

H 25 Tingling (facial 30 mg). abdominal cramping Severe 40 Abdominal cramping Mald

I 13 Tingling (penoral 20 mg). abdominal cramping Moderate 15 None NoA
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Fig. 1. DAP serum concentrations on established dose.

mg: range 10 to 80 mg). Side effects occurred on DAP and
placebo as shown in Table 1. and included paresthesia.
== iety. and abdominal cramping.

i “\nalvsis of FIM scores on DAP and placebo showed no
significant difference (p =0.902. mean DAP score =
102.44, S.D.=19.11, placebo = 102,67, S.D.=19.16).
However. a statistically significant improvement between
admission and discharge FIM scores was evident (p =
0.033). The group mean score increased from 96.5(S.D. =
18.21) on admission to 101.88 (17.84) on discharge.

Motor strength did not significantly change either on
DAP ( p = 0.966. mean DAP score = 55.53. S.D. = 11.05;
placebo = 55.59. S.D. = 4.49) or between admission and
discharge ( p = 0.782: mean DAP score = 53.6]. SD.=
11.01. placebo = 53.24. S.D. = 13.52). Simularls. gnp
strength recordings and Ashworth assessments also showed
no significant changes.

Speech intelligibility scores similarly showed no differ-
ence between DAP and placebo ( p = 0.480: mean DAP
score = 47.50. $.D. = 35.83. placebo = 51.5. S.D. = 3].26)
but did improve significantly between admission and dis-
charge ( p = 0.0486. mean DAP admission score = 34.00.
S.D. = 35.63. discharge = 50.50. S.D. = 33.20).

Nerve conduction velocities. evoked response ampli-
tudes. and F-wave latencies showed no significant differ-
ences among admission. DAP. and placebo assessments.
No reversals in coiduction black occurred There was also
== significant change in group P Max and P,Max perfor-
) 1ce from admission to discharge and between DAP and
piaceba.

Peak serum levels of DAP ranged from 13-27 ng /ml.
The mean peak serum level was 20.11 ng/mbL (§D =

95

5.11). The average time to peak level was 1.25 h (0.56).
(Fig. 1)

4. Discussion

As in our previous study. subjects treated with muludis-
ciplinary rehabilitation and DAP expenienced an improve-
ment in functional status. This study showed improvement
occurring independent of DAP or placebo treatment. and
was sustained after all study drug was discontinued. Motor
strength scores increased to a degree which did not achieve
significance on both active medication and placebo. and
declined after the drug was discontinued. These findings
are consislent with our prior open label study. and suggest
that changes in strength reflect a placebo effect. They also
suggest that short term intensive multidisciplinary rehabili-
tation improves function in patients with profound impair-
ment and disability from advanced ALS. We conclude that
oral DAP does not have a useful role in the treatment of
advanced ALS. but that short term inpatient rehabilitation
may. despite the progressive nature of the disease. Shon-
term intensive inpatient rehabilitation is not conentional
in this population. perhaps because of a prevailing belief
that its cost is not warranted in an incurable disease.
Further study is needed to clanify the degree of benefit in
terms of quality of life. morbidity, mortality and eco-
nomics. It is important to determine how long lasting these
effects are and explore alternatives to inpatient rehabilita-
tion in controlled pilot programs.
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Treatment with oral 3,4 diaminopyridine

~.  improves leg strength in multiple

sclerosis patients:

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

C.T. Bever, Jr.,

MD; P.A. Anderson, PhD; J. Leslie, PhD; H.S. Panitch, MD; S. Dhib-Jalbut, MD,;

O.A. Khan, MD; R. Milo, MD; J.R. Hebel, PhD; K.L. Conway, RN; E. Katz, RN; and K.P. Johnson, MD

Article abstract—To examine the efficacy and toxicity of oral 3,4 diaminopyridine (DAP) in dosages up to 100 mg/day, 36
patients with multiple sclerosis (MS) enrolled in a randomized, double-blind, placebo-controlled, crossover trial. The
primary outcome measure was improvement of a prospectively defined neurologic deficit, which was leg weakness in 34
patients. Secondary outcome measures included the patient’s subjective response, scored manual motor testing (MMT) of
leg strength, scored leg strength from videotaped motor testing (VMT), quadriceps and hamstrings strength (QMT)
measured by isometric dynamometry, neuropsychological testing (NPT), ambulation index (Al), and Expanded Disability
Status Scale (EDSS) score. Paresthesias and abdominal pain were common and were dose limiting in eight patients. Three
patients had episodes of confusion, and one patient had a seizure while on DAP. Eight patients withdrew from the study,
leaving 28 evaluable patients for the efficacy analysis. The prospectively defined neurologic deficit improved in 24
patients—22 on DAP and 2 on placebo (p = 0.0005). All improvements were in leg weakness. Subjective response and
measures of leg strength and function (MMT, VMT, QMT, and Al) improved on DAP compared with placebo. Neither NPT
nor EDSS scores improved. DAP treatment can induce improvements in leg strength in MS patients, but toxicity is

!"‘._it.ing in many patients.
TOLOGY 1996;47:1457-1462

Multiple sclerosis (MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic neurologic symptoms' that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.? Although symp-
tomatic treatments are available for some MS symp-
toms,® there are no pharmacologic treatments for leg
weakness, one ¢f the most common and disabling MS
symptoms. The observations that cooling* and
changes in serum ionized calcium® could cause im-
provement of neurologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
logic rather than being due to axonal or neuronal
loss. Pathologic studies showing relative preserva-
tion of axons in areas of demyelination® supported
this conclusion. Electrophysiologic studies of demy-
elinated nerve fibers show that abnormal potassium
currents contribute to conduction failure by decreas-
ing action potential duration and amplitude.” Potas-
sium channel blockers such as 4-aminopyridine (AP)
and 3,4 diaminopyridine (DAP)* improve nerve im-

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.
Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP improves
neurologic deficits®'* and function’® in MS patients,
but has significant toxicity.®'%!% A preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit without significant toxicity,!” but
two subsequent controlled trials using doses up to 80
mg/day in divided dosage showed little or no bene-
fit.’s’> We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to determine the safety, tolerability, and effi-
cacy of oral DAP in divided doses up to 100 mg/day.
The primary outcome measure was improvement in
prospectively defined neurologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The secondary outcome measures were the patient’s
subjective response, results of manual motor testing
of lower extremity, ratings of videotaped neurologic
examinations, quadriceps and hamstrings strength
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as measured by i1sometric dynamometry, neuropsy-
chological performance, ambulation, and overall dis-
ability.

Methods. Study medication. 3,4 DAP was obtained
from Regis Chemical Corporation (Morton Grove, IL) un-
der an investigational new drug license to C.T.B. and for-
mulated in capsules in the Department of Industrial Phar-
macy, School of Pharmacy, University of Maryland. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesias but not facial flush-
ing).

DAP dosing. At the beginning of each treatment arm,
patients were dose escalated from one capsule a day up to
five per day (taken at 7 aM, 11 am, 2 PM, 5 PM, and 3 PM)
over a 5-day period. Patients were then maintained at that
dosage unless intolerable side effects occurred, in which
case patients took one-half a capsule five times a day on
the same schedule.

DAP serum levels. Serum samples were drawn 30 min-
utes after the 11 av dose twice during each treatment
period (after 1 week on treatment and on the day of the
final evaluation). Coded serum DAP levels were run using
a previously published method!® and reported to the study
safety monitor (K.P.J.), who had the authority to break the
blind and reduce DAP dosage if potentially dangerous DAP
levels were seen. The study monitor did not break the
blind on any patient or reduce dosage.

Patients. Thirty-six patients with clinical or laboratory-
supported definite MS?™ between the ages of 21 and 65
were enrolled. Only patients with an acceptable study def-
icit were included. This was defined as a new but stable
neurologic deficit or an established deficit that was wors-
ened by heat or exercise. New but stable deficits included
only deficits that had been stable for more than 2 months,
but not present longer than 2 years. Patients with compli-
cating medical illnesses were excluded as were women who
were pregnant or lactating. In addition, patients with a
history of seizures, unexplained syncope, or epileptiform
activity on EEG were excluded. Patients who were unable
to abstain from operating motor vehicles during the treat-
ment periods were excluded. Fertile women were required
to use an acceptable method of birth control. Patients were
permitted to take symptomatic therapies during the trial
but were required to maintain a consistent dosage and
schedule. Where possible, patients were taken off baclofen
during the study, and where this was not possible, dosage
strengths and timing were carefully monitored and main-
tained constant throughout the study. The use of cortico-
steroids and immunosuppressive agents was not permitted
during the study. The studv was IRB approved, and all
patients gave informed consent for participation.

Study design. Oral DAP was compared with nicotinic
acid (which was selected because it produces paresthesias
similar to those of DAP, but has no demonstrated effect on
either MS or core body temperature). Patients were ran-
domized to a sequence of two 30-day treatment periods
separated by a 30-day washout period. Efficacy evalua-
tions were carried out at baseline and at the end of each
30-day period by a blinded examining neurologist. Evalua-
tions were carried out in the same facility and at the same
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that differences were not due to temperature variationa;

Safety evaluations. At the end of each treatment pe!
riod, CBC with differential; serum chemistries including
electrolytes, blood urea nitrogen, creatinine, LDH, SGOT,
and SGPT; coagulation profile including prothrombin time
and partial thromboplastin time; and urinalysis were car.
ried out. In addition, ECGs and EEGs were obtained.

Efficacy evaluations. Prospectively defined neurologic
deficit. During the screening evaluation, the examining
neurologist specified and rated the study deficit. This def;-
cit was rated at the end of each 30-day treatment period.
and at the final evaluation the examining physician indi.
cated whether the study deficit had improved and, if so,
during which treatment peried it improved.

Patient subjective response. At the end of each treat-
ment period, patients were asked whether they noted any
improvement in their neurologic deficits, and their re-
sponse was recorded. At the end of the second treatment
period, the patients were asked which treatment had
caused greater improvement.

Manual motor testing (MMT) of leg strength. Strength
in the right and left iliopsoas, quadriceps, hamstrings, gas-
trocnemius, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale.?” A
strength score at each time point was obtained by sum-
ming the ratings of the individual muscles.

Scored videotaped neurologic examination. The exam-
ining physician’s neurologic examination was recorded at
the end of each treatment period. The paired tapes from
the two treatment periods were reviewed by neurologists
not involved in the conduct of the trial who rated motor
strength in the legs, ambulation, and overall improvement
Leg strength from videotaped motor testing (VMT) was
rated in the right and left iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.?! A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary 0 to 5 scale
and for the global assessment based on the evaluator':
assessment as to the treatment period during which th.
patient appeared better neurologically.

Quadriceps and hamstrings strength (QMT) measurec
by isometric dynamometry. Maximum force output of the
quadriceps and hamstrings muscles in isometric contrac
tion was measured using a testing apparatus consisting o
a computer-controlled hydraulically powered lever arn
coupled to a force transducer (Kin-Com, Med*Ex Diagnos
ties, Inc., Canada). Testing was carried out at the sam:
time of day for each patient at the same ambient tempera
ture by the same examiner (P.A.A.). Patients were teste«
seated on the apparatus with 110° of hip flexion and 45° o
knee extension. Strength was measured in triplicate deter
minations 'with a l-minute rest between replicates) o
maximum isometric contractions of the quadriceps anc
hamstrings muscles using a Kin-Com testing apparatu:
Strength was expressed in dynes/m?®.

Neuropsychological evaluation (NPT). Patients wer
tested using the Brief Repeatable Battery of Neuropsychc
logical Tests for Multiple Sclerosis,?**¢ which is comprise:
of the Selective Reminding Test, the 10/36 Spatial Recal
Test, the Symbol Digit Modalities, the Paced Auditory Se
rial Addition Task, and Word List Generation Tests. [t wa




C________________________________________

Table 1 Summary of neurologic evaluations

Number of patients

Mean score or power = standard

P~ improved error
.. -vCOmMe measure DAP Placebo DAP Placebo p value
Study deficit 22 — — 0.0005t
Patient subjective 15 — —_ 0.008+
Manual motor test score 17 4 416 = 1.63 399+ 17 0.002%
Quantitative motor testing
Hamstrings strength* 15 9 130 = 12 123 = 11 0.001%
Quadriceps strength* 16 8 231 = 27 206 = 25 0.04%
Video ratings
Leg strength score 17 8 58129 56.8 + 3.0 0.001:
Ambulation score 11 5 494 = 0.50 4.48 + 0.49 0.054%
Global rating 14 6 1.12 = 0.18 0.52 = 0.15 0.084:
Ambulation index 5 0 5.0 = 0.41 515+ 045 0.02%

* Dynes/m>.
+ Exact binomial probability.
{ From Wilcoxon signed rank test.

administered and scored according to published proce-
dures.? Tests were administered by the same examiner, at
the same location, at the same time of day for all patients,
and alternate forms were used for each repeated examina-
tion.
~~ " Ambulation index (Al) and Expanded Disability Status
e (EDSS). Standard neurologic history and examina-

uuvn were used to score the patients on the EDSS.>* Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the ALY

Statistical methods. The treatment response of the
prospectively defined study deficit in each patient was
rated and the patient subjective response assessed at the
end of the second treatment period. The significance of
differences in improvement rates for the study deficit and
the patient subjective response were determined using ex-
act binomial probabilities. Paired scores (DAP treatment
arm versus placebo arm within patients) from MMT, QMT,
VMT, NPT, and Al were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and Al were calculated for descriptive pur-
poses.

Results. Patient characteristics and retention. Thirty-
six patients (14 men and 22 women) were enrolled in the
study (table 1). The mean age was 44 (range, 21 to 65|,
mean EDSS score at entry of 6.0 (range, 2.5 to 9.0), and
disease duration was 15.6 vears (range, 2 to 29 years).
Twenty-nine patients had chronic progressive and seven
patients had relapsing-progressive MS. The study deficits
in 34 were leg weakness and in 2 arm ataxia. Eight pa-
tients failed to complete the study—one because of the
~a~~urrence of a unnary tract infection with confusion and

-ologic deterioration (no. 1), one for personal reasons
-~ 11), onie because of paresthesias and anxiety (no. 17),
four because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the
occurrence of aspiration pneumonia (no. 33). Twenty-eight
Patients completed the study. Thirteen received DAP dur-
y \:',

e

ing the first treatment period, and eight received it during
the second. Although patients were randomly assigned to
treatment order, it was found at the completion of the
study that the group who received DAP first were less
disabled, with an average EDSS score of 4.8 compared
with an average of 7.2 in those who received DAP second.

Adverse events. Thirty-one of 36 patients reported
DAP-related adverse events. The most common adverse
events were paresthesias, which were reported by 25 pa-
tients on DAP and 5 patients on placebo. Abdominal pain
was reported by 19 patients on DAP and only 2 on placebo.
Confusion occurred in three patients on DAP and no pa-
tient on placebo; however, two of the episodes occurred in
the context of complicating medical illnesses—urosepsis in
patient 1 and aspiration pneumonia in patient 33. A grand
mal seizure occurred in patient 4 while on DAP treatment,
and no seizures occurred during the placebo arm of the
trial. Dose-limiting side effects were encountered in eight
patients on DAP. This was due to abdominal pain or par-
esthesias in seven and anxiety in one (no. 17), and was
managed by reductions of DAP dosage to 10 mg five times
a day in five patients and by discontinuation of treatment
in three.

Efficacy. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which was improvement in the prospectively de-
fined neurologic deficit. Twenty-four patients im-
proved—22 on DAP and 2 on placebo ( p = 0.0005, Fisher's
exact test).

Subjective response. Seventeen patients reported sub-
jective improvement during treatment—14 improved dur-
ing the DAP arm only, two improved during the placebo
arm only ( p = 0.009, Fisher's exact test), and one patient
(no. 10) reported improvement during both arms.

Manual motor testing. MMT of the leg strength (see
table 1) improved in 17 patients during the DAP arm and
in four during the placebo arm (seven were unchanged).
Mean strength scores are shown in figure 1. Patients who
received DAP first are shown separately from those who
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Figure 1. Graph of mean strength scores measured by
manual motor testing over the 16-week trial in patients
who received DAP during the first (white circles) and sec-
ond (black circles) treatment periods.

received DAP second, and because of the difference in av-
erage disability between the two groups, the baseline
means are different. A second analysis was carried out
comparing the scores for all patients during the DAP arm
with the scores during the placebo arm. Although the
mean examination score of 41.6 during the DAP treatment
arm was only slightly higher than the mean score of 39.9
during the placebo arm, the difference between the two
arms was statistically significant (p = 0.002, Wilcoxon
signed rank test).

Evaluations of videotaped neurologic examina-
tions. Videotaped neuroclogic examinations were available
from both treatment periods on 25 patients {see table 1).
Scored leg strength was significantly higher during the
DAP treatment period (p = 0.001, Wilcoxon signed rank
test). Trends in favor of DAP treatment were seen in both
scored ambulation and global assessment (see table 1).

Quantitative motor testing. A significant treatment-
related improvement was seen in the results of quantita-
tive measurement of quadriceps and hamstrings strength
{see table 1). Changes in mean strengths are shown in
figure 2. Again, patients who received DAP first are shown
separately from those who received DAP second, and the
baseline means are different for the two groups. A sepa-
rate analysis comparing all scores for the two treatment
arms showed that mean hamstrings strength was 130
dynes/m? during the DAP-treatment arm compared with
124 dynes/m® during the placebo arm t p = 0.001, Wilcoxon
signed rank test). Mean quadriceps strength was 233
dynes/m? during the DAP-treatment arm and 210
dynes/m? during the placebo-treatment arm tp = 0.041,
Wilcoxon signed rank test).

Ambulation. Mean Al over the course of the trial is
shown in figure 3. Again, mean baseline Als for the two
treatment groups (DAP first versus placebo first) were
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Figure 2. Graph of mean quadriceps (circles) and ham-
strings (squares) strength measured by isometric dyna-

mometry over the 16-week trial in patients who received
DAP during the first (white symbols) and second (black
symbols) treatment periods.

slightly different. In a separate analysis comparing scores
during DAP treatment with those during placebo treat-
ment, improvements in Al were seen during DAP treat-
ment (p = 0.022, Wilcoxon signed rank test).

Responder analysis. A responder analysis was carried
out to determine whether improvement in the study deficit
correlated with improvement in MMT, VMT, and QMT. Of
the 21 patients who had improvement in their study deficit
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Figure 3. Graph of mean ambulation index over the 16-
week trial in patients who ieceived DAP during the first
twhite circles; and second (black circles) treatment
periods.




Table 2 Summary of neuropsvchological test results (mean score)

_O__g;come measure DAP Placebo
#"ttive reminding 375+ 103 369 = 124
. .36 spatial recall 188 = 5.0 172 = 5.7
(long-term storage)
Symbol digit modalities 342+ 155 345176
Paced auditory serial addition 66.6 = 24.7 65.4 = 240
Word list generation 286 = 10.2 277294

(leg strength), 19 had improvement in at least two of the
other measures, and 10 had improvement in all.

Other efficacy evaluations. None of the outcome mea-
sures showed evidence of a period or carry-over effect
(Fisher's exact test, results not given). No significant
treatment-related changes in NP performance were seen
(table 2). No changes in EDSS score were seen during
either treatment arm (results not given). Thirteen of the
22 patients with improvement in their prospectively de-
fined neurologic deficits elected to enter an open-label ex-
tension of treatment.

Serum leve] data. The magnitude of peak serum DAP
levels correlated with adverse events but not efficacy. Se-
rum level data were available on 28 patients. DAP was
detected in 26 patients during the DAP-treatment period,
and no DAP was detected in the serum of any patient
during the placebo-treatment period. The mean peak se-

- DAP level was 44 = 7.4 ng/mL. The mean peak level

. ‘e 10 patients in whom dosage reduction was necessary
uue to adverse events was 69 * 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 * 7.3 ng/mL (p < 0.05, Stu-
dent’s ¢ test). The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was
41 = 9.1 ng/mL, not significantly different from the mean
for all patients.

Discussion. Treatment with oral DAP in total
daily doses up to 100 mg/day produced improvement
. in prospectively defined neurologic deficits in MS pa-
tients in a double-blind, placebo-controlled, crossover
trial. In addition, lower-extremity strength, as mea-
sured by manual and quantitative isometric testing,
and lower-extremity function, as indicated by im-
provement in Al, improved. These results are consis-
tent with the results of an open label trial.’* One
previous placebo-controlled trial of DAP doses up to
80 mg/day showed subjective but not objective im-
provements in MS patients.!* A second, blinded.
crossover comparison of oral DAP in doses of 40 to 80
mg/day with oral AP showed improvement in neuro-
physiologic tests of visual function comparable with
AP but no improvements in ambulation, vision,
_and spasticity. The only clinically relevant changes
~ 7> improvements in concentration in one patient
_. fatigue in one patient of ten tested. AP produces
similar motor improvements,® which are related to
total drug exposure, not peak serum concentration.
Although DAP treatment did not improve EDSS
Scores as AP treatment did in one trial,’® five pa-

tients had improvement of ambulation as reflected in
the Al. The present trial is the first to show signifi-
cant neurologic improvements with DAP treatment
in a randomized, double-blind, placebo-controlled for-
mat.

DAP doses up to 100 mg/day produced significant
toxicity. Eighty-six percent of 36 patients reported
side effects during the DAP arm of the trial, whereas
only 20% reported them during the placebo arm. The
frequency of side effects was greater in this trial
than in previous trials of lower doses of DAP,!528 but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment.! The most common side effects were
paresthesias reported by 25 patients and abdominal
pain reported by 19 patients during the DAP arm.
These results are similar to a comparison of DAP
and AP* and suggest that DAP has greater periph-
eral toxicity than AP. Abdominal pain necessitating
dosage reduction occurred in six patients during the
DAP arm of the present study. Studies of AP did not
produce comparable results because dose titration
protocols were used.’®'* Patient no. 2, who had no
history of syncope or seizures, had” a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DAP* and AP®!¢ rarely cause seizures and are
dose and serum concentration related.®* Two serious
adverse events (requiring hospitalization) occurred
that were not clearly related to DAP treatment: one
patient (no. 1) developed a confusional episode in the
context of urosepsis while on DAP, and a second
patient (no. 33), who had a history of episodes of
choking with airway obstruction, had a similar epi-
sode resulting in an aspiration pneumonia while on
DAP. Similar to the experience with AP,® DAP toxic-
ity appears to be related to peak serum levels.!” Be-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,® and
the serum half-life of DAP is shorter than AP, a
similar approach might be useful with DAP. Al-
though DAP treatment appears to improve leg
strength and ambulation in some MS patients, it has
significant toxicity, and its use should be limited to
therapeutic trials until definitive trials show that it
is safe and effective.
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Assay 99.96%
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CERTIFICATE OF ANALYSIS

DILOXANIDE FUROATE B.P.
BATCH # E-186/95

MFG.DATE: 08/12/1995

Description:
Solubility

Identification

Melting Range
Free Acidity
Related Substances
Loss on drying
Sulphated Ash
Assay

g

EXPO. DATE:07/12/2000

QUANTITY: S KG

White Crystalline Powder, Odorless, Tastelei&

Passed

A) Positive
B) Positive
C) Positive
114° to 116°
Passed
Complies
0.34 %
0.038 %

99.96 %
27.70 /o

g

TiIE ABOVI: TEST RESULTS HAVE BEEN OBTAINED BY OUR MANUFACTURER/SUPPLIER/OR IN OUR QUALITY CONTROL
LABORATORY. TIE DATAIS PROVIDED AT THE REQUEST OF AND FOR THE CONVENIENCE OF THE CUSTOMER AND DOES NOT
< RELIEVE THE CUSTOMER OF 1TS RESPONSIBILITY TO VERIFY IT. THIS ANALYSIS IS NOT TO BE CONSTRUED AS A WARRANTY,

EXPRESSED OR IMPLIED



QUALITY CONTROL REPORT

CHEMICAL NAME. :DILOXANIDE FUROATE /i

MANUFACTURE LOT NO.:E-186/95

PHYSICAL TEST

SPECIFICATION TEST STANDARD.:USP__ /BP__/MERCK__/NF__/MART.__/CO.SPECS._ .

1) DESCRIPTION. :
WHITE POWDER, ODORLESS.

2) SOLUBILITY.:
VERY SLIGHTLY SOLUBLE IN WATER AND ETHANOL; SOLUBLE IN CHLOROFORM.

114 ¢ TO 116 C.

e

3)MELTING POINT.: k(\

4) SPECIFIC GRAVITY.:

5) IDENTIFICATION. :

PASSES.: FAILS.:
COMMENTS. :

ANALYST SIGNATURE. : DATE. :
PREPACK TEST.: DATE. : INITIAL.:
RETEST. : DATE. : INITIAL. :




~~ IDENTIFICATION
PRODUCT #: D6413 NAME: DILOXANIDE FUROATE
CAS # 3736-81-0
MF: C14H11CL2NO4
SYNONYMS _ -
AMEBIAZOL * 8073 CB *@ICHLOFURAZOL * DICLOFURAZOL * DILOXANIDE

FUROATE * DILOXANID FUROATE * ENTAMIDE FUROATE* ENTAMIDE [%
2-FUROATE *

FURAMIDE * FURAMIDE (AMEBICIDE) * 2-FURANCARBOXYLIC ACID, 4- 6

(DICHLOROACETYLYMETHYLAMINO)PHENYL ESTER *EHRENTOMIN *

C_ HISTOMIBAL
MIFORON *
TOXICITY HAZARDS

RTECS NO: LV1821800
2-FUROIC ACID, ESTER WITH
2,2-DICHLORO-4-HYDROXY-N-METHYLACETANILIDE
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 =--nveemmeeemmen
’ ACUTE EFFECTS
HARMFUL IF SWALLOWED.
MAY BE HARMFUL IF INHALED.
MAY BE HARMFUL IF ABSORBED THROUGH THE SKIN.
MAY CAUSE IRRITATION.
TARGET ORGAN(S):
G.I 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.
REACTIVITY DATA

STABILITY

STABLE.
HAZARDOUS POLYMERIZATION

WILL NOT OCCUR.

--------------- SPILL OR LEAK PROCEDURES ------==-----

STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

WEAR RESPIRATOR, CHEMICAL SAFETY GOGGLES, RUBBER BOOTS AND
HEAVY

RUBBER GLOVES.

SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL.

AVOID RAISING DUST.

VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS
COMPLETE.
WASTE DISPOSAL METHOD

DISSOLVE OR MIX THE MATERIAL WITH A COMBUSTIBLE SOLVENT AND BURN
IN A

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER.

OBSERVE ALL FEDERAL, STATE, AND LOCAL LAWS.
- PRECAUTIONS TO BE TAKEN IN HANDLING AND STORAGE ---

WEAR APPROPRIATE NIOSH/MSHA-APPROVED RESPIRATOR,
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING.

MECHANICAL EXHAUST REQUIRED.

HARMFUL IF SWALLOWED.

WEAR SUITABLE PROTECTIVE CLOTHING.

TARGET ORGAN(S):

G 1 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 LTIABLE 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
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dikydroergotamine tartrate EPCRS in place of the substance
peing examined.

Storage Dihydroergotamine Tartrate should be kept in a
ee.a]]-closed container and protected from light.

_ction and use Used in treatment of migraine.

<

" Dihydrotachysterol

- AR R i S IS

67-96-9

398.7

C25H460

- Definition Dihydrotachysterol is (52Z,7E)-(38,108)-9,10-
: ey gecoergosta-5,7,22-trien-3-ol.

Characteristics Colourless crystals or a white, crystalline
powder; odourless or almost odourless.
H Practically insoluble in water; very soluble in chloroform;
: freely soluble in ether; soluble in ethanol (96 %); sparingly
soluble in arachis oil.

Identification A. The light absorption, Appendix II B, in
the range 230 to 350 nm of a 0.001% w/v solution in
methanol exhibits three maxima, at 242, 25] and 261 nm.
The absorbance at the maxima are 0.87, about 1.0 and
about 0.65 respectively.

B. To 5 mg add 2 ml of antimony trichloride solution and
.warm in a water bath. A red colour is produced.

Melting point 126° to 129°, Appendix V A. It may also
occur in a form melting at about 113°.

Specific optical rotation In a freshly prepared 2% wiv
sqlution in absolute ethanol, +100° to +103°, calculated
with reference to the dried substance, Appendix V F.

Tachysterol Absorbance of a 0.01% w/v solution n
methanol at 280 nm, not more than 0.08, calculated with
reference to the dried substance, Appendix II B.

Loss on drying When dried over phosphorus pentoxide at
a pressure not exceeding 0.7 kPa for 24 hours, loses not
more than 0.2% of its weight. Use 1 g

Sulphated ash Not more than 0.1%, Appendix IX A.
Storage Dihvdrotachysterol should be kept in an
atmosphere of nitrogen, protected from light and stored
at a temperarure not exceeding 15°.

Action and use Used in treatment of hypocalcaemia.

_Diloxanide Furoate

Dill Ol

Definition Dill Oil is obtained by distillation from the
dried ripe fruits of Anerhum graveolens L.

Characteristics A clear, colourless or pale yellow liquid,
visibly free from water; odour, characteristic of the
crushed fruit.

Optical rotation +70° to +80°, Appendix V F.
Refractive index 1.481 to 1.492, Appendix VE,

Solubility in ethanol Soluble, at 20°, in 1 volume or
more of ethanol (90%) and in 10 volumes or more of
ethanol (80%), Appendix X M.

Weight per ml 0.895 to 0.910 g, Appendix V G.
Content of carvone 43.0 to 63.0% w/w, Appendix X L.

Storage Dill Oil should be kept in a well-filled, well-
closed container, protected from light and stored at a
temperature not exceeding 25°. It darkens in colour on
storage.

Action and use Carminative.

/

C4H;CILNO, 328.2 3736-81-0
Definition Diloxanide Furoate is 4-(N-methyl-2,2-
dichloroacetamido)phenyl 2-furoate. It contains not less
than 98.0% and not more than 102.0% of
C;4H,;CI;NOy, calculated with reference to the dried

substance.

Characteristics A white or almost white, crystalline
powder; odourless or almost odourless.

Verv slightly soluble in water; freely soluble in chloro-
form; slightly soluble in ethanol (96%) and in ether.

Identfication A. The infrared absorption spectrum,
Appendix 11 A, is concordant with the reference spectrum of
diloxanide furoate.

B. The light absorption, Appendix II B, in the range 240 to
350 nm of a 0.0014% w/v solution in ethanol (96%)
exhibits a maximum only at 258 nm. The absorbance at
the maximum is about 0.98.

C. Burn 20 mg by the method for oxygen-flask combustion,
Appendix VIII C, using 10 ml of 1m sodium hydroxide as
the absorbing liquid. When the process is complete,
acidify the liquid with mirric acid and add silver nitraie
solution. A white precipitate is produced.

Melting point 114° to 116°, Appendix V A.

Free acidity Shake 3 g with 50 m] of water, filter and
wash the residue with three 20-ml quantities of water.
Titrate the combined filtrate and washings with 0.1m
sodium hydroxide VS using phenolphthalein solution R1 as
indicator. Not more than 1.3 ml is required.

Related substances Carry out the method for thin-layer
chromatography, Appendix III A, using silica gel HF;54 as

BP-1773



)

the coating substance and a mixture of 96 volumes of
dichloromethane and 4 volumes of merhanol as the mobile
phase. Apply separately to the plate 5 pl of each of two
solutions of the substance being examined in chloroform
containing (1) 10.0% w/v and (2) 0.025% w/v. After
removal of the plate, allow it to dry in air and examine
under ultraviolet light (254 nm). Any secondary spor in the
chromatogram obtained with solution (1) is not more
intense than the spot in the chromarogram obtained with
solution (2).

Loss on drying When dried to constant weight at 105°,
loses not more than 0.5% of its weight. Use 1 g.

Sulphated ash Not more than 0.1%, Appendix IX A.

Assay Dissolve 0.3 g in 50 mi of anhydrous pyridine and
carry out Method II for non-aqueous urration, Appendix
VIII A, using 0.1M tetraburylammonium hydroxide VS as
titrant and determining the end point potentiometrically.
Each ml of 0.1Mm tetraburylammonium hydroxide VS is
equivalent to 32.82 mg of C;4H;,Cl;NO,.

Storage Diloxanide Furoate should be protected from
light.

Preparation

Diloxanide Tablets

Action and use Antiprotozoal.

Dimenhydrinate ¥

0
H  OCH,CHNMe,

H

MeN N
: )\ | ,>—01

0 hll N

Me

C,7H;;NO,C;H;CIN,O, 470.0 523-87-5
Definition Dimenhydrinate contains not less than 53.0%
and not more than 55.5% of diphenhydramine
(2-benzhydryloxyethyldimethylamine, C{;H,NO; 255.4)
and not less than 44.0% and not more than 46.5% of
8-chlorotheophylline (8-chloro-1,3-dimethylpurine-

2,6(3H,1 H)-dione, C;H;CIN,4O5,; 214.6), both calculated
with reference to the dried substance.

Characteristics Colourless crystals or a white, crystailine
powder.

Slightly soluble in water; freely soluble in caloroform and
in ethanol (96%); sparingly soluble in erher.

Identification Test C may be omitted if tests A, B and D
are carried out. Tests A, B and D may be omitted if test C is
carried out.

A. Melung point, 102° to 106°, Appendix V A, Method 1.
B. Dissolve 0.1 g in a mixture of 3 mi of water and 3 ml of
ethanol (96%), add 6 ml of water and 1 ml of 2Mm hydro-
chloric acid and cool in ice for 30 minutes, scratching the
side of the tube with a glass rod, if necessary, 1o initiate
crystallisation. Dissolve about 10 mg of the precipitate in
1 ml of Aydrochloric acid, add 0.1 g of pozassium chlorare
and evaporate to dryness in a porcelain dish. A reddish
residue remains, which becomes violet-red when exposed
to ammeonia vapour.

C. The infrared absorption spectrum, Appendix IT A, is
concordant with the spectrum of dimenhydrinate EPCRS.

D. Dissolve 0.2 g in 10 ml of ethanol (96%,), add 10 ml of
picric acid solution and inidate crystallisation by scratching
the side of the tube with a glass rod. The melting point of
the precipitate, after washing with water and drying at
100° to 105°, is 130° to 134°, Appendix V A, Method L

Alkalinity To 0.4 g add 20 ml of carbon dioxide-free water,
shake for 2 minutes and filter. The pH of the filtrate is 7.1
to 7.6, Appendix V L.

Clarity and colour of solution A 5.0% w/v solution in
ethanol (96%,) is clear, Appendix IV A, and colourless,
Appendix IV B, Method II.

Heavy metals A 10% w/v solution in a mixture of 85
volumes of acerone and 15 volumes of water complies with
limit test B for heavy metals, Appendix VII. Prepare the
standard using a lead standard solution (2 ppm Pb)
obtained by diluting lead standard solurion (100 ppm Pb)
with the acetone—water mixrure (20 ppm).

Theophylline and substances related to diphen-
hydramine Carry out the method for thin-layer chromato-
graphy, Appendix III A, using siica ge! GF,54 as the
coating substance and a mixrure of 90 volumes of dichloro-
methane, 9 volumes of methanol and 1 volume of 13.5m
ammomnia as the mobile phase. Apply separately to the
plate 5 1l of each of three solutions in dichloromethane
conraining (1) 4.0% w/v of the substance being examined,
(2) 0.020% w/v of the substance being examined and (3)
0.020% wiv of theophyiline. After removal of the plate, dry
it in a current of cold air and examine under witraviolet
light (254 nm). Any spot comresponding to theophylline in
the chromarogram obtained with soluton (1) is not more
intense than the spot in the chromatogram obtained with
soluton (3). Spray the plate with potassium todobismuthate
solution, allow it to dry in air and spray with hydrogen
peroxide solution (10 vol). Any secondary spot in the chroma-
togram obtained with solution (1) is not more intense
than the spot in the chromatogram obtained with solution
(2). Disregard any spot extending from the line of
application to an Rf value of about 0.1.

Loss on drying When dried to constant weight over
phosphorus pentoxide at a pressure of 1.5 to 2.5 kPa, loses
not more than 0.5% of its weight. Use 1 g.

Sulphated ash Not more than 0.2%, Appendix IX A,
Method II. Use 1 g.

Assay For diphenhydramine Dissolve 0.2 g in 60 ml of
anhydrous aceric acid and carry out Method I for non-
aqueous titration, Appendix VIII A, determining the end
point potentiometrically. Each ml of 0.1Mm perchioric acid
VS is equivalent to 25.54 mg of C;H, NO.

For 8-chlorotheaphyliline To 0.8 g add 50 ml of water,
3 ml of 6M ammonia and 0.6 g of ammontum nitrate and
heat on a water bath for 5 minutes. Add 25 ml of 0.1m
stlver nitrate VS and continue heating on a water bath for
15 minutes with frequent swirling. Cool, add 25 ml of 2m
natric actd, dilute to 250 mi with water, filter and discard
the first 25 ml of the filtrate. Titrate 100 ml of the filtrate
with 0.1M ammonium thiocyanate VS using 5 ml of
ammontum tron(11) sulphate solution R2 as indicator unul
the colour changes to yellowish brown. Each ml of 0.1m
silver mitrate VS is equivalent 10 21.46 mg of
C;H,CIN,4O,.

Preparations

Dimenhydrinate Injection

Dimenhydrinate Tablets

Action and use Antiemetic.
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the sputum was cleared in all those previously affected.
Some patients experienced clinical benefit.— K. Hors-
field et al., Thorax, 1977, 32, 250, per Abstr. Hyg.,
1977, 52, 1131.

Preparations

Di-iodohydroxyquinoline Pessaries (B.P.C. [973). Each
pessary contains di-iodohydroxyquinoline 100 mg, boric
acid 65 mg, phosphoric acid 17 mg, lactose 180 mg, and
anhydrous dextrose 300 mg; prepared by moist granula-
tion and compression. They should be moistened with
water beforc insertion into the vagina. Protect from
light. A.P.F. has a similar formula.
Di-iodohydroxyquinoline Tablets (B.P. 1973). Di-iodo-
hydroxyquin. Tab. Tablets containing di-iodohydroxyqui-
noline. Protect from light.

YIodoquinol Tablets (U.S.P.). Tablets containing di-iodo-
hydroxyquinoline.

Proprietary Preparations

Diodoquin (Searle, UK). Di-iodohydroxyquinoline, avai-
lable as tablets of 650 mg. (Also available as Diodoquin -
in many other countries).

Emwbequin (May & Baker, UK). (Available only in
certain countries.) Di-iodohydroxyquinoline, available as
tablets of 300 mg.

Other Proprietary Names

Dioxiquin (Spain); Direxiode (Ausiral, Belg., Fr.,
Switz.); Dnoquilen (Arg). Floraquin (Arg., Austral.,
Belg.}; Moebiquin (USA); Searlequin (Arg.); Yodoxin
(USA).

A preparation containing di-iodohydroxyquinoline was
formerly marketed in Great Britain under the proprie-
tary name Floraquin (Searle Pharmaceuticals).

4777-m

Di-iodohydroxyquinoline (B.P. 1973}. lodo-
quinol (U.S.P.}; Diiodohydroxyc!uin; Diiodohyd-

roxyquinolinum; Diodoxyquinoleine. 5,7-Di-iodo-
quinolin-8-ol.

C9H512N0=397.0.

CAS — 83-73-8.

Pharmacopoeias. In Chin., Fr., Ind., Int., It and U.S.

A light yellowish to tan-coloured, tasteless,
microcrystalline powder, not readily wetted in
water, odourless or with a slight odour.
Practically insoluble in water; sparingly soluble in
alcohol, acetone, and ether. Protect from light.

Adverse Effects. As for Clioguinol, p.975.

Effects occasionally occurring include abdominal
discomfort, diarrhoea, skin rash, acne, headache,
the proprictary names Dametine (E. pruritus ani, and furunculosis. Slight enlargement
Dehydroemetine Roche. of the thyroid gland often occurs during treat-
» ment.

Neurological disorders. Reports of visual disturbances in
chitdren given  di-iodohydroxyquinoline— J. E.
Etheridge and G. T. Stewart (letter), Lancet, 1966, 1,
261; F. E. Pittman and M. Westphal (letter), Lancel,
1973, 2, 566; M. M. Behrens (letter), J. Am. med. Ass.,
1974, 228, 693.

Precautions. As for Clioquinol, p.975.

Control of acrodermatitis enterapathica by di-iodohyd-
roxyquinoline was lost in a patient when she started
taking an oral contraceptive.— M. J. Jackson, J. clin.
Path., 1977, 30, 284,

Absorption and Fate. Di-iodohydroxyquinoline is
partly and irrcgularly absorbed from the small
intestine.

Following a 300-mg dose of di-iodchydroxyquinoline, 6
healthy men excreted 2 mean of 4.6% of the dose in the
urine as glucuronide during the following 10 hours.— L. -

Berggren and O. Hansson, Clin. Pharmac. Ther., 1968, GsHsC1,NO, =234.1.
9, 61. CAS — 579-384. i
Uses. Di-iodohydroxyquinoline acts principally in A!White or almost white, odourless, tasteless, crystalline v
the bowel lumZn anzqis used alone ‘:)r w‘{’; r¥1el~ wder. Slightly soluble in water; soluble 1 in 8 of alco-

subcutaneous injection in addition to
azole 50 mg per kg daily or niridazole
daily, both drugs being given for 10
Scragg and S. J. Powell, Archs Dis.
5, 193, per R. Knight er al., Gue, 1973,

Twenty eclderly patients with herpes
experience postherpetic neuralgia, and in
etely disappeared after treatment with
60 mg given intramuscularly every 24

+0 9 doses. In the other 6 patients pain
e disappeared in 2 to 4 weeks. No patients
cles at the end of the first week of treat-
B iimilar patients treated with triamcinolone
B cxpcricnced postherpetic neuralgia and pain
I¥TL more than 6 months in 4— E. Hemnan-

‘hydrochloride is marketed in certain

e Acetarsol. Dicthylamine Acctarsone;

gsarsine. The dihydrate of the diethylamine
i mido-4-hydroxyphenylarsonic acid.

 H, (N, 3H,0=384.3.

(anhydrous).
l_n Belg.

stals or a white crystalline odourless
-slightly bitter taste. Soluble 1 in 3.5 of
of boiling water, and 1 in 7 of alcohol;
lpble in chloroform and ether.

scétarsol was formerly used in the treat-
e fever, relapsing fever, tropical cosinoph-
dermatoses.

4778-b

Diloxanide (B.P.C. 1963). Diloxan; RD 3803. 2,2-Dich-
loro-4’-hydroxy-N-methylacetanilide.

T

* L3
cetarsol was formerly marketed in certain

r the proprictary name Acetylarsan (May

ronidazole in the treatment of intestinal amoe-
biasis, chiefly for cyst-passers. It has been used
to supplement emetine or with chloroquine and
tetracycline in amoebic dysentery. It has also

ol, 1 in 35 of chloroform, and 1 in 66 of ether. Protect f .

from light.

The actions and uses of diloxanide are described under
Diloxanide Furoate (below). It has been given in doses
of 1.5 g daily in divided doscs.

been used in balantidiasis and giardiasis and has
been used locally against Trichomonas vaginalis.
Di-iodohydroxyquinoline has been used in the
treatment of acrodermatitis enteropathica; it is
reported to act by altering zinc absorption.

The usua! dosage in the treatment of amoebiasis
is 600 mg thrice daily for 20 days; for children
the usual dose is 10 mg per kg body-weight
thrice daily. It can be employed in ambulatory
patients and asymptomatic carriers.

Most of 55 patients with ocreiform atrophy and super-
imposed dermatitis of the anterior surface of the lower
leg responded well to an ointment containing di-iodohyd-
roxyquinoline 3% and salicylic acid 2% in Emulsifying

Diloxanide was formerly marketed in certain countries
under the proprietary name Entamide (Boors).

e
¢ Sodium. Diphetarsone; RP 4763, Diso-
lgnebis(#aminophcnylarsonatc) decahyd-

RN Na.0,,10H,0684.3.

9-19-8 (difetarsone); 515-76-4 (sodium salt, 4779-v

Diloxanide Furoate (B.P.). 4-(N-Methyl-
2,2-dichloroacetamido)phenyl 2-furcate.

C,sH; ,CI;NO,=1328.2.

CAS — 3736-81-0.

Pharmacopoeias. In Br.

A white or almost white, odourless, tasteless,

Edodium has been used in the treatment of
biasis, usually in conjunction with 2
um antibiotic, in divided doses of up t0 2'g
diys repeated after S to 6 weeks, if neces-
BME also been used in the treatment of whip-

Lib e‘:’tv;orm infection. See also Dilctarsone-

. Ointment.— A. R. H. B. Verhagen and J. W. Koten, t i

0 the treatment of whipworm infection: D.  Br. J. Derm., 1968, 80, 682. crystalline powder. M.p. 114° to 116°. :
8¢t al, Br. med. J. 1972, 4. 73 N. M. Di.iodohydronyquinolinc should not be used for the Very slightly soluble in water; soluble 1 in 100 of )
er), Trans. R. Soc. trop. Med. Hyg.. 1972, treaument of non-specific diarrhoca or other self-limiting alcohol, 1 in 2.5 of chioroform, and 1 in 130 of ki

' O’Holohan and J. Hugoe-Matthews, S.E.
."med. publ. Hith, 1972, 3, 576, per Trop.
973, 70, 669; C. J. Rubidge ef al., S. Afr.

+'47, 991, per Trop. Dis. Bull., 1973, 70,

conditions.— Med. Lerr., 1974, 16, 71.

Acrodermatitis. A 5-month-old girl with acrodermatitis
enteropathica obtained remission from diarrhoea and

ether. Protect from light. ¥

Adverse Effects. Flatulence, vomiting, pruritus, i
and urticaria may occasionally occur. Transient )

E¥ c2ry et al., Archs Dis. Childh., 1974, 49,
R/

&-Spiramycin. Diphetarsone-Spiramycin;
£ spiramycin salt of difetarsone, containing
ycin base and 33.8% of difetarsone.

mycin has been used similarly to dife-
n the treatment of intestinal amoebiasis
rm and whipworm infestation.

P. étarsone (Specia, Fr.).

dermatitis when treated with di-iodohydroxyquinoline
200 mg thrice daily. She relapsed and was then given a
diet of fresh whole human milk; treatment with di-iodo-
hydroxyquinoline was continued in the same dosage. On
this regimen a complete remission was obtained enabling
the child to be weaned to a normal dict and treatment
with di-iodohydroxyquinoline to be discontinued.— R.
R. Schulze and R. K. Winkelmann, Mayo Clin. Proc.,
1966, 41, 334.

In acrodermatitis enteropathica di-iodohydroxyquinoline
acted by increasing the gastro-intestinal absorption as
well as the retention of zinc.— M. J. Jackson, J. clin.
Path., 1977, 30, 284. See also P. J. Aggett ef al., Archs
Dis. Childk., 1978, 53, 691.

Aspergillosis. Of 13 patients with clinical pulmonary
aspergillosis all had specific precipitins in their sera and
most had Aspergillus fumigarus in their sputum. After
treatment for 20 days with di-iodohydroxyquinoline 1.5
to 1.8 g daily precipitin tests became negative in 12 and

albuminuria has been reported.
Absorption and Fate. Diloxanide is readily

absorbed ‘f_r_%r_n_rm__e_y_sgg;mj_cs‘tig]a_l tract and
excreted inn the faeces and urine. Diloxanide furo-
ate is hydrolysed before absorption.

Uses. Diloxanide acts principally in the bowel
lumen and is used in the treatment of intestinal
amoebiasis. It is less effective in amoebic dysen-
tery than in asymptomatic infection, but the
furoate gives higher intestinal concentrations and
is possibly more effective than metronidazole in
the treatment of cyst-passers.

Diloxanide furoate is used in conjunction with
chioroquine and tetracycline in amoebic dysen-
tery and is used in the treatment of hepatic
amoebiasis in conjunction with chloroquine and

t: .



978 Metronidazole and some other Antiprotozoal Agents

dehydroemetine or emetine. medicine in the treatment of trypanosomiasis and babe-
Diloxanide furoate is administered in a dosage of siasis- It has also been tried in human infections.
500 mg thrice daily for 10 days. The dosage for Babesiasis. The routine clinical use of pentamidine or
childrep is 20 mg. -wei ily, in diminazene aceturate in infections due to Babesia
divided doses, for 10 days. The course of treat- microti was not recommendgdrcxcept in patients without
; spleens, since normally the infection was self-limiting.—
D may bef "?ﬁi“".’s’f T concomitantly L+ He Miller et al. Ann. intern. Med., 1578, 88, 200.
!ﬁxam © ‘;r al s also us Y oA patient infected with Babesia microti who had failed
with metronidazole. to respond to chloroquine had a rapid clinical and
Amoebiasis. Diloxanide furoate 375 mg, tetracycline parasitologic resp after administration of dimi-
hydrochloride 250 mg, and chloroquine phosphate nazenc. However the patient developed Guillain-Barré
100 mg, 4 times daily for 5 days, were given in capsy syndrome after treatment and it was suggested that pen-
to 50 of 100 patients with dy y due to Ei ba tamidine might be preferable to diminazene in severe

histolytica and sometimes other parasites also. The cases of human babesiasis— T. K. Ruebush and A.
other 50 received the same regimen without chloroquine.  Spictman, Ann, intern. Med., 1978, 88, 263.

Children younger than 10 years received half this adult 7, jasis. Ref t in h t

dose. The overall cure-rate for E£. histolytica was 83%, m?,g;?fmﬂf";. &ucét;\r:nccmo ::: mH. ux;?aré' ry\pvaar::::

and the clficacy of the preparations was not signifi- 7rans R Soc. trop. Med. Hyg., 1962, 56, 227; S. E.
C)/‘ cantly different. Other protozoa and helminths were  Temy Trams. R. Soc. trop. Med. Hyg.. 195, 69, 277;

q ) 2

) apparently not affected.— D. Botero, Trans. R. Soc. East African Trypanosomiasis Research Organisation,
1% trop. Med. Hyg., 1967, 61, 769, pes Abstr. Wid Med.. Tyans. R. Soc. trop. Med. Hyg.. 1975, 69, 278.

% 1968, 42, 497. rtars Na

31 Diloxanide furoate 375 mg, tetracycline hydrochloride g, ronit (vrcyterinary) (Hoechst, UK); Ganaseg

250 mg, and chloroquine phosphate 100 mg, given 4
times daily for 5 days to 50 Costa Rican schoolboys,
climinated multiple intestinal protozoal infections within
2 days of completing the course. The recurrence-rate of
Giardia intestinalis was 25% within 30 days, but 478]-f
Entamoeba histolytica did not recur for 90 days.— . ., ;

&— M. Schapiro, Am. J. trop. Med. Hyg., 1967, 16, 704," Emetine and Bismuth lodide (B.7. 1973). Emet.
per Trop. Dis. Bull., 19683 65, 166. A9 s;mi;zr rezport.- Bism. lod.; EBL
E. Nnochiri, J. trop. Med. Hyg. 1967, 70, 224, per — -15-8.

6" Trop. Dis. Bull., 1968, 65, 129. cas 800.1 {5-8 . . .

. . s . A complex iodide of emetine and bismuth containing 25
Diloxanide furoate administered in a dose of 500 mg 5 309, of emetine and I8 to 22.5% of Bi. It is a redd-
:}'2"““‘1:'2 i‘:olac‘:ys ': :fﬁ:;:ecm‘u;r::;'::z‘ 50{ ish-orange odourless powder with a bitter acrid taste.

patients were asymptomatic Cys TS an¢ 02 practically insoluble in water and alcohol; soluble in

°fl65 pau;_nts. w"é“ t::;l—dysemenc ;ymplolmatlp ‘."rtes"; acetone and, with decomposition, in concentrated acids

(r“‘ nal amocbiasis. rlatulence was ihc only signilicant  and jn alkaline solutions; practically insoluble in but
“'ggidr“"“ M. S. Wolfe, J. Am. med Ass., 1973, 224,  gjigiily decomposed by dihlx)te acids? Store in airtight

de § o " containers. Protect from light.
Diloxanide furoate was considered to be more effective P .
than metronidazole in the treatment of non-dysenteric Ad Effects and utions. As for Emetine Hydro-

h ; e " chloride (below).
é‘ — ;'l"‘.“;.‘“ﬂ “;."‘t’:b‘:".’“' and ul’lble( ‘.""htd";‘g l°f éh:"cl"g;gr When given by mouth emctine and bismuth iodide may
' 4'5 l:;m of the discase.— K. Raigat et ai., Gut, *  cause nausea, vomiting, and diarrhoea.

Diloxanide furoate 500 mg given with metronidazole A":’E‘.’ﬁ“ ".:d.F“" ;Vh“‘ given :y mouth, emetine
400 mg thrice daily for 5 days cleared amoebic cysts 2" ismuth iodide undergoes little decomposition until
from the intestine in 59 of 60 patients treated and was it reaches the small intestine, where emctine is liberated
considered to have cured liver abscesses in 58 of them, 2nd exerts a local and systemic effect.
No relapses were noted during 3 months following treat-  Uses. Emetine and bismuth iodide has actions similar to
& ment.— owell er al., Ann. trop. Med. Parasit., those of emetine hydrochloride and has been used in the
1973, 67, 367, per Trop. Dis. Bull., 1974, 71, 44. treatment of asymptomatic intestinal amoebiasis. When
The standard regimen for the treatment of amoebiasis in  8iven by mouth it is only slightly decomposed before
American Indians in Saskatchewan was metronidazole reaching the small intestine where the bulk of the eme-
500 mg and diloxanide furoate 500 mg twice daily for 5 tinc is then released to give 2 high concentration in the
days.— R. D. P. Eaton et al., Can. J. publ. Hlth, 1973, intestinc. It has been used with tetracycling and a lumi-
64, Suppl., 47, per Trop. Dis. Bull., 1974, 71, 360. nal amoebicide such as _diloxanide furoate in the treat-
Of 38 Peace Corps workers with amoebiasis in Ethiopia ment of severe amoebic dysentery with n}nch tissue
36 were considered free of infection | to 2 months after ."'.’;"”';.’n' ith which it gi .
treatment with metronidazole 750 mg thrice daily for 10 d‘ ;requmcy l:m  which it lg"'? rise to unpleasant
days followed by diloxanide furoate 500 mg thrice daily ~SicS-eliects m"b:‘ it _unsuitable for routine therapy;
for 10 days.— J. L. Ey, Ethiop. med. J. 1977, 15, 101, patients should be confined 1o bed. . .
per Trop. Dis. Bull, 1979, 76, 80. metine and bismuth iodide is usually administered in
A report of the successful treatment of a patient with enteric.coated Lablets or capsules but such preparations
Entamoeba polecki infection using metromidazole and must disintegrate very readily in the intestine or they
diloxanide faroate.— J. S i ef al. Am. J. trop. are valueless; when in capsuies, the drug should not be
—_ Med. Hyg. 1979" 28'—l—~—-§9hk1‘9°: per. Trop. Dl.r Bu.II.,. 1 980: suspended in an oily basis. The usual dose was 200 mg
77, 51.

Nt ot . o i B, S
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daily for 12 consecutive days if tolerated by the patient.
Preparations

Emetine and Bismuth lTodide Tablets (B.P. 1973). Emet.
Bism. Iod. Tab. Tablets containing emetine and bismuth
iodide. They arc enteric-and sugar-coated. Store at a
4 : Furamide (Boots, UK). Diloxanide furoate, available as temperature not exceeding 25° in airtight containers.
R tablets of 500 mg. (Also available as Furamide in

L R Austral).

Preparations

H " Diloxanide Furoate Tablets (B.P.). Tablets containing
diloxanide furoate. Protéct from light.

4782-d

4780-r Emetine Hydrochloride (B.P., U.S.P.). Emet.

.. . Hydrochlor.; Emetini Hydrochloridum: Emetini
Diminazene Aceturate (B. Ver. C. 1965). 1,3-Bis(4- Chlori X . ; - s

L h (O N : N ridum; Emetine Dihydrochloride; Ipecine
?,;r:;,d;?:_ phenyljtriazene bis(N-acetylglycinate) tetra Hydrochloride; Methylcephaéline Hydrochloride;
CHygNgO4 4H,0=587.6. Cloridrato de Emetina. 6,7/,10,11-Tetra-

s34 - . 4 methoxyemetan dihydrochloride heptahydrate;

Er:;xidrousf” 710 (diminazene); 908-54-3 (aceturate, (25.3R.11bS)-3-Ethyl-1,3.4,6,7,1 1 b-hexahydro-

. 9,10-dimethoxy-2-{(1R)-1,2,3,4-tetrahydro-6,7-
A yellow odouriess powder. Soluble ! in 14 of water; : . b orad Y
slightly soluble in alcohol; very slightly soluble in chloro- dlmelf}oy(y-l-'lsoqumolylmcthyl]-ZH-benzo[a]-
form and ether. quinolizine dihydrochloride heptahydrate.
Uses. Diminazene aceturate has trypanocidal, babesici- CasHN;0,,2HCI, TH;,0=679.7.
dal, and bactericidal properties and is used in veterinary CAS — 483-18-1 ([emetine}; 316-42-7 (hydro-

chloride, anhydrous); 708
hydrate). 3

Pharmacopoeias. In Arg., A,,;’f o
Ger., Ind., Im., It., Jug., Mex S ON
Rus., Span., Swiss, Turk., ij{i@
variable proportion of water of o 1-5

A white or very slightly"‘;cﬁ .
line powder with a bitter 1ggpa ¥
yellow on exposure to light 3

after drying. Y

Soluble 1 in 8 of water, 1 jy
and 1 in 4 of chloroform; &y
ether. A solution in water g y
2% solution in water has“3 3
tions are sterilised by maint}iscdi
for 30 minutes with a bacterjcy '
Store in airtight containe g
The stability of emetine &
Schuyt et ai., Pharm, Wee
idem, 1979, (14, 186. )

Adverse Effects. Emetine caj
and there may be associatet
there may be necrosis and
After injection nausea, vomitjj
are common; there may be”
muscle weakness, urticaria®
and, more rarely, mild sensd;
Cardiovascular effects are o
include precordial pain,” dys
and hypotension. Changes* fr¥
cularly flattening or inversion{
prolongation of the Q-T intepya
patients. Large doses or prolonp
may cause lesions of the hea 1
tract, kidneys, liver, and- skelst

acute degenerative myocardjtig]
may give rise to suddem,;cs
death. In some patients cardi
appeared after the completion™
therapeutic doses. "
Four raticms given emetine fo
muscular weakness or iphi

i,

Precautions. Emetine i3 “Conirad
cardiac or renal disease. Jis}H
avoided during pregnancy .an
given to children, except Jff
dysentery unresponsive to Othé
be used with great caution;in
patients. ECG monitoring 2
treatment. e

Loy
Absorption and Fate. Afteryy
hydrochloride is concentrated
ciable concentration occurs,alsg
and spleen. Very little ;of,,8xp
secreted into the intestinal lumenisy
urs mainly in the urine, andis
concentrations may persist in
after treatment has been:di
tion may occur. R 3

b g
Uses. Emetine, an alkaloid ol
amoebicide acting principallygil
and in the liver. It is given;
intramuscular injection. In in
the symptoms are rapidly: cleag
course of emetine injections and{pe
and cysts disappear, but m
patients later show cysts 185
hence become carriers. Further gyl
emetine hydrochloride in theseicEs
value. BL:
In severe amoebic dysentery it M2,
tetracycline and an amoebicide,
intestinal lumen such as diloxan
In hepatic amoebiasis emetine 1id
chioroquine and an amoebicide’
intestinal lumen, but treat
ronidazole is generally preferred!#
Daoses of emetine hydrochloride'd
larger than 60 mg daily and COUE
be longer than 10 days or repc«jrl :
¥

t

[



droxyquinoline has antibacterial and anti-
T activity and has been used topicaliy in vari-
- c==%ckip ‘conditions, usually together with a

1<k steroid (but see under Adverse Effects
"It also has some antitrichomonal activity.

m‘”‘ Infections. As discussed on p.609 di-iodohy-
- oauinoline is ohe of the drugs used in the treatment of
amoebiasis caused by Eniamoeba histolyrica and
ba fragilis. References to this use are given beiow.
"'u‘s'.- Drugs for parasitic infections. Med Letr Drugs

DRcial Preparations
: m@ﬁdgquinol Tablets.
‘ +Diodoquin; Yodoxint; Fr.: Direxiodet; S.Afr.: Floraquin:
*Sebaquint; Yodoxin.

ngredient preparations. Ausiral.: Floraquin; Canad.:
Owquinalt; S.Afr.: Vagarsol: Viocort; Viodor, Spain: Floraquin;

e

Diloxanide Furoate @m.)

,[g’ Furcate (BANM, rINNM].

hyl-2,2-dichloroacetamido)pheny! 2-furoate.

QUEIZNO‘ =328.2 -
579-38-4 (diloxanide); 3736-81-0 (diloxanide

igs. In Br. and Int

jte or almost white, odourless, crvstalline powder. Very
. soluble in water; slightly soluble in alcohol and in
%@equ soluble in chloroform. Protect from light.
Y|

érse Effects

; Katulence is the most common adverse effect dur-
.+ Ingtreatment with diloxanide furcate. Vomiting.
Qﬁgs; and urticaria may occasionally occur.

Eibng.eer .

P#gmacokmetics

Diloxanide furoate is hydrolysed before absorption
from the gastro-intestinal tract. The resulting diloxa-

ylde;fs readily absorbed and excreted mainly in the
urine; less than 10% of a dose appears in the faeces.

b T
Uses and Administration
.Dfloxanide furoate, a dichloroacetamide derivative,
#°a luminal amoebicide acting principally in the
bowel lumen and is used in the treatment of intesti-
Bal amoebiasis. It is given alone in the treatment of
~!_’}"l_nl:»tnmatic cyst-passers and in conjunction with
I amoebicide that acts in the tissues. such as met-
Tonidazole, in patients with invasive amoebiasis.
Diloxanide furoate has also been used with metron-
Wdazole in the treatment of Entamoeba polecki infec-
tion.
ief > P
F_or.funhe; discussion of the management of amoe-
infections, see p.609.

Di,lqlganide furoate is administered by mouth in a
0sage of 500 mg three times daily for 10 days; chil-
dren may be given 20 mg per kg body-weight daily,
m divided doses, for 10 days. The course of treat-
?fn{may be repeated if necessary.
‘Teparations

g Of preparations are lisicd below: details ase given in Part 3.
m?ﬁgzn;ions
. T3 anide Tablets.

C/ "‘Pﬁ‘ e:"Y Pf!parations

~ < Zuramidet; $wirz.: Furamid: UK: Furamide.

sy Ngredient preparations. UK: Entamizole

—_——

45

Decoquinate/Eflornithine Hydrochioride 617

Dimetridazole (622

Dimetridazole (BAN, pINN).

1,2-Dimethyi-5-nitroimidazole.

CsHyN3O, = 1411,

CAS — 551-92-8.

Pharmacopoeios. in BP(Vet).

Cz. includes Dimetridazole for veterinary use only. Fr. includes

Dimetridazole and Dimetridazole Mesylate for veterinary use
only.

An almost white to brownish-yellow, odourless or almost
odourless powder which darkens on exposure to light. Slight-
Iy soluble in water; sparingly soluble in alcobol; freely solu-
ble in chloroform; slightly soluble in ether. Protect from
light.

Dimetridazole is a 5-nitroimidazole derivative simi-
Iar to metronidazole. It is used in veterinary practice
for the prevention and treatment of blackhead (his-
tomoniasis) in turkeys and other poultry and of
swine dysentery, and for the prevention of hexami-
tiasis and trichomoniasis in game birds.

Diminazene Aceturate (o)

Diminazene Aceturate (BANM, rINNM).
1,3-Bis(4-amidinophenyl)triazene bis(N-acetylglycinate).
Cy3H19NeOy = 515.5.

CAS — 536-71-0 (diminazene); 908-54-3 (diminazene
aceturate).

NOTE. Diminazene aceturate is often referred to by its veteri-
nary proprietary name Berenil.

Diminazene aceturate, an aromatic diamidine deriv-
ative related to pentamidine, is an antiprotozoal
agent which has been used in veterinary medicine in
the treatment of trypanosomiasis and babesiosis. It
has also been tried in human infections.

References.

1. Rucbush TK, Spieiman A. Human babesiosis in the United
States. Ann Intern Med 1978; 88: 263.

2. Abaru DE, ef al. Retrospective long-term swudy of effects of
Berenil by follow-up of patients treated since 1965. Trop Med
Parasitol 1984; 35: 148-50.

Residues in the diet. An expert committee of the FAQ/
WHO' set a maximum acceptable daily intake of diminazene
at 100 ug per kg body-weight. Recommended maximum res-
idue limits in food resulting from veterinary use were estab-
lished for cattle at 500 ng per kg for muscle, 12 000 pg per kg
for liver, 6000 pg per kg for kidney, and 150 ug per litre for
milk.
1. FAO/WHO. Evaluation of centatn vererinary drug residues in
faod. fony-second report of the joint FAO/WHO expert com-
mittee on food additives. WHO Tech Rep Ser 851 1995.

Dinitolmide (2652

Dinitoimide (BAN, rINN).

Dinitrotoluamide: Methyldinitrobenzamide. 3.5-Dinitro-o-tol-
uamide.

CgH7N;0¢ = 225.2.

CAS — [48-01-6.

Pharmacopoeias. in BP(Vet).

A cream-coloured to light tan-coloured odourless powder.

Practically insoluble in waler; soluble in acetone; slightly
soluble in alcohol, in chioroform, and in ether.

Dinitolmide is an antiprotozoal agent used in veter-
inary practice for the prevention of coccidiosis in
poultry.

Eflornithine Hydrochloride (et

Eflornithine Hydrochioride (BANM, USAN, rINNM).

DFMO:  «-Difuoromethylornithine Hydrochloride; MDL-
71782; MDL-71782A; RMI-71782. 2-(Difluoromethyl)-oL-or-
nithine monohydrochloride monohydrate.

CeH FaN O3 HCILH,O = 236.6.

CAS — 67037-37-0 (eflornithine); 96020-91-6 (eflorni-
thine hydrochloride).

“yﬁlbf(ﬂ } denotes a preparation no longer actively marketed

Adverse Effects and Precautions

Reported adverse effects with eflornithine include
myelosuppression producing anaemia, leucopenia,
and thrombocytopenia. Some patients have experi-
enced hearing loss and alopecia. Gastro-intestinal
disturbances, especially diarrhoea, can be a problem
with oral administration. Seizures have occurred in
about 8% of patients given eflornithine but they may
have been related 1o the disease rather than treat-
ment.

Effects on hearing. A study in 58 patients' receiving efior-
nithine alone or in combination with interferon alfa for the
treatment of metastatic melanoma demonstrated that hearing
loss at multiple frequencies was related to the cumulative
dose of eflornithine and was worse in patients with pre-exist-
ing hearing deficit.

1. Croghan MK. er al. Dose-related o-difluoromethylornithine

ototoxicity. Am J Clin Oncol 1991, 14: 331-5.

Effects on the heart. Fatal cardiac arrest occurred in an
AIDS patient with Pneumocystis carinii pneumonia during
the intravenous infusion of eflornithine 100 mg per kg body-
weight over 1 hour.! Sudden death after infusion of eflomi-
thine had occurred in several other critically ill patients with
AIDS.

1. Barbarash RA. ef al. Alpha-difluoromethylornithine infusion
and cardiac arrest. Ann Intern Med 1986; 105: 141-2.

Pharmacokinetics

Eflornithine hydrochloride is absorbed from the gas-
tro-intestinal tract. Following intravenous adminis-
tration approximately 80% is excreted unchanged in
the urine in 24 hours. The terminal elimination half-
life is approximately 3 hours. It is distributed to the
CSF.

References.

. Haegele KD, er al. Kinetics of a-difiuoromethylornithine: an
irreversible inhibitor of omithine decarboxylase. Clin Pharma-
col Ther 1981, 30: 210-17.

2. Milord F, et al. ERornithine concentrations in serum and cere-
brospinal fiuid of 63 patients treated for Trypanosoma brucei
gambiense sleeping sickness, Trans R Soc Trop Med Hyg 1993:
87:473-7.

Uses and Administration

Eflornithine hydrochloride is an antiprotozoal agent
which acts as an irreversible inhibitor of ornithine
decarboxylase, the rate-limiting enzyme in
polyamine biosynthesis; trypanosomes are more
susceptible to the effects of eflomnithine than humans
probably because of their slower turnover of this en-
zyme.

Eflornithine is used in African trypanosomiasis
(p.613) mainly due to Trypanosoma brucei gambi-
ense and is effective in the early and more impor-
tantly in the late stage of the disease when there is
central involvement. Eflornithine also has activity
against Pneumocystis carinii (see p.396) and there
are several reports of it being effective in patients
whose pneumonia due to this organism failed to re-
spond 1o standard treatment such as co-trimoxazole
or pentamidine.

Itis administered intravenously or by mouth, though
diarrhoea can be troublesome with the latter route.
The usual dose is 100 mg per kg body-weight every
6 hours by intravenous infusion for 14 days. Some
clinicians then give 300 mg per kg per day by mouth
for a further 3 to 4 weeks. Dosage should be reduced
in patients with impaired renal function.

Efiornithine has antineoplastic activity, and prefimi-
nary human siudies have shown some encouraging
responses.

Cryptosporidiosis. Eflornithine has been tried in the treat-

ment of cryptosporidiosis in AIDS patients.! Other agents

used in the treatment of cryptosporidiosis are discussed on
p6lo.

1. Rolston KV, er al. Intestinal cryptosporidiosis treated with ef-
lornithine: a prospective study among patients with AIDS. J
Acquir lmmune Defic Syndr 1989; 2: 426--30,

Pneumocystis carinii pneumonia. The treatment of

Preumocystis carinii pneumonia is described on p.396 where

reference is made to eflomithine being studied as one of the

alternative agents to co-trimoxazole and pentamidine.

References.
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Set Search Result
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<1>
Unique Identifier

97321428
Authors

‘Qureshi H. Ali A. Bagai R. Ahmed W.
Title

Efficacy of a combined diloxanide furoate-metronidazole
preparation in the treatment of amoebiasis and glard1a51s.
Source

Journal of International Medical Research. 25(3):167-70,
1997 May-Jun.
Abstract

A combined formulation of diloxanide furoate and
metronidazole was used to treat amoebiasis and giardiasis
(cysts and vegetative forms) in 54 patients. Of these 34
patients had amoebiasis, 19 had giardiasis and one had
/glﬁég.lnigctloni\ﬁach patient took one tablet (containing

00 mg diloxanide furoate) and 400“_9 metronldazole),“ﬁree
Lglmes daily for 5 days, and the response to therapy was —
checked by clinical examination and by examination of fresh
stools on days 3, 5 and 10. Abdominal pain was completely
relieved in 91% and 84% of patients with amoéebiasis and
g;ardlasl_, respectively, wh11eAparas1t1c clearance was

<2>
Unique Identifier

97281374
Authors

Bhopale KK. Pradhan KS. Masani KB. Kaul CL.
Title

Additive effect of diloxanide furocate and metronidazole
(Entamizole) in experimental mouse caecal amoebiasis.
Source

Indian Journal of Experimental Biology. 33(1):73-4, 1995
Jan.

1
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0
1



Page Number :

<3>

Unique Identifier

96319050

Authors

Sengupta M. Sengupta O.

Title

Correlation of biological activity (therapeutic and toxic)
with solvochromic properties of metronidazole, emetine
hydrochloride and diloxanide furoate.

Source

Indian Journal of Biochemistry & Biophysics. 32(5):302-7,
1995 Oct.

Abstract

Goat blood, when incubated for different periods with
diloxanide furoate, metronidazole and emetine
hydrochloride, underwent changes in fatty acid constituents
and their peroxidation products measured as malonaldehyde.
These findings, together with the changes noted in the
drug-lipid partition coefficient, are discussed in an
attempt to correlate the lipid constitution and biological
activity of the drugs.

<4>

Unique Identifier
84122526

Authors
Pehrson P. Bengtsson E.

Title

Treatment of non-invasive amoebiasis. A comparison between
tinidazole alone and in combination with diloxanide
furoate.

Source
Transactions of the Royal Society of Tropical Medicine &
Hygiene. 77(6):845-6, 1983.

Abstract
Tinidazole (40 mg/kg body-weight in one daily dose for five
days) and tinidazole (same dose) plus diloxanide furoate

(20 mg/kg body-weight divided intd three daily doses_for 10

days) were compared as treatments -fQr amoebiasis. The
"parasitic cure rates were 44 and espectively. We /_
cannot, therefore, recommend tinidazole alone in this 7

dosage as_a tment for non-invasive amoebiasis.
-

<5>
Unigue Identifier

2



Page Number : 3

79207050

Authors
Salaki JS. Shirey JL. Strickland GT.

Title
Successful treatment of symptomatic Entamoeba polecki
infection.

Source

American Journal of Tropical Medicine & Hygiene.
28(2):190-3, 1979 Mar.

Abstract

The second symptomatic case of Entamoeba polecki infection,
the first to respond to therapy, is reported. The patient
experienced intermittent episodes of abdominal cramps,

' diarrhea, nausea, and malaise associated with large numbers
of E. poleck1 cysts in the stool. Follow;ngwtrggggent with
diloxanide fur e a metronidazole, all symptoms Tleared—

(5ﬂ VEEQ,EEE,EélaSitGwwas~nom~ongesmpresgn§»i§~ggg stool.
<6>
Unique Identifier
73184480
Authors
Wolfe MS.
7 . Title

<i; Nondysenterlc 1ntest1nal ameb1a51s. Treatment with

dildéxanide furoate. T — T
Sourc

JAMA. 224(12):1601-4, 1973 Jun 18.

<7>

Unique Identifier
68126424

Authors
Botero D.

Title

Treatment of intestinal amoebiasis with diloxanide furoate,
tetracycline and chloroquine.

Source
Transactions of the Royal Society of Tropical Medicine &
Hygiene. 61(6):769-73, 1967.

<8>

Unique Identifier
66004858

Authors
Huggins D.
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Page Number :

Title
[Treatment of amebiasis. Results obtained with diloxanide
furocate]. [Portuguese]
Source
Revista do Instituto de Medicina Tropical de Sao Paulo.
7(2):110-1, 1965 Mar-Apr.

<9>
Unique Identifier
66037855
Authors
Huggins D.
Title
[Treatment of amebiasis. (Results obtained with diloxanide
furoate)]. [Portuguese]
Source
Hospital. 67(5):1107-10, 1965 May.

<10>
Unique Identifier
95048473
Authors
Burchard GD.
Title
[Therapy for malaria and amoebiasis]. [Review] [12 refs]
[German]
Source
Immunitat und Infektion. 22(2):45-7, 1994 Apr.
Abstract
Treatment of malaria depends on the infecting Plasmodium
species. In Plasmodium falciparum malaria the treatment
also depends on whether chloroquine resistances occur and
whether the course is uncomplicated or complicated.
Uncomplicated cases are cared for with chloroquine and with
mefloguine or halofantrine when the patient comes from
areas with chloroquine resistances. Patients with
complicated Plasmodium falciparum malaria must get chinine
and doxycycline. A careful fluid balance is extremely
important in order to prevent noncardiac pulmonary edemas.
Luminal infections with pathogenic Entamoeba histolytica
are treated with diloxanide furoate, luminal infections
with non-pathogenic Entamoeba histolytica (= E. dispar) do
not have to be treated. If differentiation is not possible,
all asymptomatic cyst passers must get treatment. Patients
with invasive amebiasis (amebic colitis and amebic liver
abscess) have to be treated with metronidazole, followed by
diloxanide furoate. [References: 12]
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<11>
Unique Identifier
89279444
Authors
Di Perri G. Strosselli M. Rondanelli EG.
Title
Therapy of entamebiasis.
Source
Journal of Chemotherapy. 1(2):113-22, 1989 Apr.
Abstract
Therapy of entamebiasis is critical in that, if untreated,
the disease can be fatal. Recently, a new method for
differentiating pathogenic and non-pathogenic amebae has
been standardized. This method relies upon the
electrophoretic analysis of 4 isoenzymes which allow the
identification of 20 different zymodemes. It is now widely
accepted that non-pathogenic strains of Entamoeba
histolytica are not a hazard for humans and therefore don’t
need therapy. As a consequence, treatment must be addressed
only toward infections caused by pathogenic strains. As
there are different drugs available for treating amebiasis,
from a therapeutical point of view the disease must be
divided into two forms: intestinal and extraintestinal. For
the former, drugs which reach therapeutical levels in the
gut are required. The mainstay for the treatment of
asymptomatic carriage of pathogenic strains is DILOXANIDE
FUROATE, a very well tolerated luminal amebicide.
METRONIDAZOLE and other 5-nitroimidazole compounds such as
ORNIDAZOLE are indicated for the treatment of symptomatic
intestinal infections as they reach good concentrations in
tissues, including the bowel where ulcerations develop. In
order to ensure the clearance of amebae from the gut, a
subsequent cycle with diloxanide furoate is advisable.
Extraintestinal forms include amebic abscesses which can
develop in many sites, but most commonly in the liver.
Metronidazole and related compounds are the drugs of
choice; in case of liver abscess, the addition of
CHLOROQUINE is indicated because of its good concentration
in tissues. A_subsequent _cycle with diloxanide furoate 1s
also 1ndlcated (ABSTRACT TRUNCATED AT 250 ¥ WORDS)
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NOTICE

THIS MATERIAL MAY BE PROTECTED BY
COPYRIGHT LAW (TITLE 17, U.S. COBE)

Diloxanide furoate, an investigational, amebicidal drug in the United
States, was given in a ten-day course of 500 mg three times a day. This
therapy led to parasitologic and symptomatic cure in all 12 asymptomatic
cyst carriers and in 52 of 65 patients with nondysenteric, symptomatic,
intestinal amebiasis who had all contracted Entamoeba histolytica
infections while abroad. Criteria for cure were the absence of £ histolytica
parasites in three complete stool examinations, one and three months
following completion of treatment, and complete or marked symptomatic
improvement. Excessive flatulence was a common, but the only
significant side effect. The high effectiveness (83% cure rate), relative
ease of administration, and minimal toxicity of diloxanide furoate
indicates that this drug has numerous advantages over other primarily
luminal-acting amebicides presently available in this country for the

treatment of chronic amebiasis.

ore than 90% of the individ-

IVI uals seen in our Tropical
Medicine Unit, who have
contracted amebiasis while traveling
or living abroad, had an asymptomatic
#"* 12 nondysenteric chronic or suba-
2 form of infection. Similar find-
ings are also reported in returnees to
England and France.* It is much
more unusual in these countries to see
the fulminant dysenteric form of
amebiasis in travelers, with its typi-
cal presentation of frequent bloody
stools, fever, marked abdominal
cramps, tenesmus, and weight loss. A
spectrum of symptoms is seen with
nondysenteric Entamoeba histolytica
infections, ranging from asympto-
matic and mildly symptomatic indi-
viduals with complaints of increased
number of soft stools, intermittent
constipation, excessive distention and
flatulence, and increased fatigue to
more severely infected individuals
who do not have frank amebic dysen-
tery, but show evidence of some inva-
sion of the bowel wall as manifested
by very frequent watery to mushy
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stools, lower abdominal cramps,
weight loss, anorexia and nausea, and
marked asthenia. The asymptomatic
and mildly symptomatic individuals
fit most definitions of so-called
chronic amebiasis, while the more se-
verely affected individuals could be
said to have a subacute type of infec-
tion. The present report concerns 100
individuals exposed to amebiasis
while living or traveling outside the
United States and found, upon their
return to Washington, DC, to have
cysts larger than 10y, or trophozoites
fitting the definition for E histolytica.
These people were treated with di-
loxanide furoate (Furamide).

A number of anilides looked prom-
ising as amebicides and one of them,
dichloroacet - 4 - hydroxy - N - methyl-
anilide, was selected for further in-
vestigation. Ultimately, after exten-
sive laboratory and clinical investi-
gations, it was marketed in Britain
under the name of Entamide and re-
ceived the approved name diloxanide.
Further investigations were carried
out to find a derivative of diloxanide
which would give better results in
acute as well as in chronic amebia-
sis. Of the many derivatives examined,
the furoate ester not only gave bet-
ter results in acute amebic dysentery,
but in the asymptomatic condition as
well; it also was less toxic than diloxa-
nide itself. This compound was given
the name diloxanide furoate. It is less

Diloxanide Furoate in Amebiasis—Wolfe

_ Nondysenteric Intestinal Amebiasis

Treatment With Diloxanide Furoate

Martin S. Wolfe, MD

soluble than its earlier parent com-
pound and is more slowly absorbed
from the bowel and excreted from the
body, thus providing a higher concen-
tration in the bowel wall and lumen
for a longer period of time. Diloxa-
nide furoate has been used exten-
sively outside of the United States
for more than 15 years in the treat-
ment of amebiasis, but has not been
licensed in this country and is re-
stricted by federal law to investiga-
tional use. Early studies carried out in
various parts of the world with di-
loxamide furoate used by itself, both
in indigenous populations in highly
endemic amebiasis areas, and to a
lesser extent in returnees from ame-
biasis-endemic areas to England and
France, have claimed cure rates of
more than 90% in the chronic forms of
amebiasis and cure rates in the range
of 80% in the treatment of acute ame-
bic dysentery."* However, diloxanide
furoate gave only a 40% cure rate and
was considered inadequate treatment
for acute amebic dysentery encoun-
tered in Durban, South Africa.* Other
workers also consider diloxanide fu-
roate inferior to other better-ab-
sorbed drugs in acute amebic dysen-
tery where there is significant tissue
invasion.>¢

The only previous studies of diloxa-
nide furoate in the United States
were by McHardy in 1960 who re-
ported a 90% cure rate in asympto-
matic amebiasis patients (Panel on
Diarrheal Disease, clinical meeting of
the American Medical Association,
Washington, DC); and Most (written
communication, March 1970), who
used diloxanide furoate both with and
without chloroquine phosphate and
had cure rates between 75% and 80%.
Neither of these investigators re-
ported significant toxicity.

With its reported high effec-
tiveness, relative ease of adminis-
tration, and minimal toxic effects, di-
loxanide furoate appeared to have
numerous advantages over other
primarily luminal-acting amebicides
presently available in the United
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Table 1.—Results*

. No. Curedt
Follow-Up Treated No. %
Complete

Asymptomatic cases 12 12 100

Symptomatic cases 65 52 80
Total 77 64 83
incomplete (eliminated)

Asymptomatic cases 6

Symptomatic cases 17
Total 23
Grand total 100

*One hundred cases treated with diloxanide furoate.
+Based on three negative results from complete stool examinations at one and three months

after treatment (a total of six negative stoois)
provement,

and a complete or marked symtomatic im-

Table 2.—Pretreatment and Postreatment Symptoms*
Pretrei(ment Posttraatment

Symptom Cured (52) Failurest (13} Cured (52) Failurest (13}
Anorexia 7 2 0 0
Nausea 6 2 0 0
Weight loss 10 1 0 0
Mushy stoois 40 8 11 4
Watery stools 1 1 Q [+]
Mucus 1 [} 0
Intermittent

constipation 11 2 0 2
Abdominal cramps 12 3 3 [}
Distention 16 5 1 2
Flatulence 31 8 5 4
Fatigue 17 5 3 1
At least one

posttreatment

symptom 17 8

*Sixty-fiva symptomatic cases with complete
included

States for the treatment of nom-
dysenteric forms of amebiasis. A new
drug investigation application was
filed with the Food and Drug Admin-
istration for diloxanide furoate, and
the study to be described was carried
out from June 1970 through Decem-
ber 1971.

Materials and Methods

The 100 individuals in the study in-
cluded 84 US foreign service employ-
ees or their dependents; all but five of
these were adults, a reflection of the
primarily adult population seen in the
Tropical Medicine Unit of the Depart-
ment of State Office of Medical Ser-
vices, A further 16 adults were em-
ployees of the World Bank Group,
comprising various nationalities, who
reside in Washington, DC, but make
frequent short trips to countries in
the developing world. Eighteen pa-
tients were asymptomatic and the re-
maining 82 had mild to moderate
symptoms from their infection.

Criteria for inclusion in the study
included the finding of E histolytica
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follow-up, Twelve asymptomatic cases not

tBase& on the persistence of £ histolytica parasites in posttreatment stool specimens,

cysts or trophozoites or both in at
least one pretreatment stool exami-
nation; the absence of severe symp-
toms or proctoscopic findings compat-
ible with acute amebic dysentery; and
an expectation that the patient would
remain in Washington, DC, during
the three-month follow-up period.
However, the nature of the patients’
work required sudden travel to ame-
biasis endemic areas during ‘this
follow-up period in some cases. In-
formed consent for use of an investi-
gational drug was obtained from all
patients. Pretreatment and post-
treatment proctoscopic examinations
were not routinely carried out.

The criterion for parasitologic cure
was the absence of E histolytica para-
sites in three stool examinations car-
ried out one and three months follow-
ing the completion of treatment, for a
total of six negative specimens. All
stool examinations were performed
by the parasitology laboratory of the
Department of State Office of Medi-
cal Services. Each examination con-
sisted of direct smears in saline and
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jodine, zinc sulfate, and formald
hyde-ether concentration, and am
bic culture utilizing liver-cholesterol*!
broth. Dobell’s hematoxylin-stained*"
slides were made from any specimen
containing suspicious parasites. In
some cases, when patients had been
suddenly reassigned or were abroad
at the time of follow-up, specimensg
were sent to our laboratory in
thimerosal-iodine-formaldehyde pre-
servative, and direct smear and con-
centration technique were performed
on these specimens.” Complete or
marked symptomatic improvement
was also necessary to consider an in-
dividual to be cured.

All subjects were treated on an out-
patient basis. Adults were given a
course of 500 mg of diloxanide fu-
roate three times daily for ten days
and children were given 20 mg/kg of
body weight daily in three divided
doses for ten days.

Pretreatment and immediate post-
treatment white blood cell count, he-
matocrit reading, and urine albumin
and sediment examinations were per-
formed by the clinical laboratory of
the Department of State Office of
Medical Services. Following the com-
pletion of the treatment course, pa-
tients were questioned as to the
occurrence of side effects and
improvement in symptoms.

Results

Twenty-three patients did not have
satisfactory results of posttreatment
follow-up stool examinations and
were eliminated from the study. Six
of these were asymptomatic and the
other 17 were symptomatic.

All 12 of the asymptomatic patients
who had complete follow-up had six
negative results for stool examina-
tions and were considered parasito-
logically cured.

Sixty-five symptomatic patients
had complete follow-up and 52 of
these were considered parasitolog-
ically cured and symptomatically im-
proved, a cure rate of 80% in this
group (Table 1). Of the 13 parasito-
logic failures, five had complete
symptomatic improvement, while at
least one pretreatment symptom per-
sisted in the remaining eight. Nine of
the 13 treatment failures were mani-
fested at the one-month follow-up ex-
amination and two of those found

Diloxanide Furcate in Amebiasis—Woife




positive at the three-month follow-up
examination had traveled to amebia-
~~iz-endemic areas between the one-

.d three-month follow-up examina-
tions. Six patients with treatment
failure were given a second course of
diloxanide furoate and three were
cured, but E histolytica infection per-
sisted in the other three. These sec-
ond courses of diloxanide furoate are
not included in determining cure
rates.

The total cure rate obtained in the
77 patients (12 asymptomatic and 65
symptomatic) with satisfactory fol-
low-up findings was 83% (Table 1).

In the successfully treated sympto-
matic group, all those with symptoms
of anorexia, nausea, constipation, and
weight loss, were free from these
symptoms following treatment. Elev-
en individuals with soft stools before
treatment continued to have soft
stools during follow-up. Five of the 31
individuals who had had excessive
flatulence still had this complaint
after treatment, but only one of 16
individuals who had complained of
distention continued to have this dis-
turbance. Fatigue persisted in only
# *ree of 17 people who had had this

mplaint (Table 2).

Twenty-six patients who had com-
plete follow-up had coincidental En-
tamoeba hartmanni infections before
treatment, and in only two of them
was this parasite present in post-
treatment specimens.

A universal side effect was exces-
sive flatulence, and 87% of those ques-
tioned as to occurrence of side effects
complained of this. The only other
significant side effects occurred in
five patients who complained of nau-
sea, three of anorexia, two of
diarrhea, and two of mild abdominal
cramps while taking the drug, but all
completed the full course of treat-
ment without incident (Table 3). No
significant abnormalities were found
between pretreatment and post-
treatment blood cell counts and
urinalyses.

Comment

The results of this investigation,
the elimination of cysts from all 12
~3symptomatic patients, and an over-
"~ cure rate of 83% in the 77 diloxa-
.de furoate-treated patients with
adequate follow-up, are similar to
those of the two previous studies of

'1“
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Table 3.—Side Effects*

Recorded %

Flatulence 78 87.4
Anorexia 3 3.3
Nausea 5 5.6
Diarrhea 2 2.2
Abdominal cramps

{mild) 2 2.2

*One hundred patients treated with diloxa-
nide furoate. Ninety were followed up and
recorded and ten were in a group with no
or an incomplete follow-up,

this drug in the United States by
McHardy and Most (written commu-
nication, March 1970). The results are
also considered comparable to those
obtained in other investigations of di-
loxanide furoate in nonendemic ame-
biasis areas. In one of the early
studies of diloxanide furoate at the
Hospital for Tropical Diseases in Lon-
don, a 95.5% cure rate was obtained in
35 patients with chronic amebiasis
when given a standard ten-day course
of diloxanide furoate. However, in
that study the mean number of fol-
low-up stool examinations was only
1.5%; and it is quite likely that if six
follow-up examinations over a three-
month period had been carried out as
in the present study, the cure rate
would have dropped somewhat. In an-
other study, Felix et al* treated 54
young adults with chronic amebiasis,
who had returned to France after
having spent a period in Algeria, with
a standard course of diloxanide fu-
roate. Cure was claimed for all but
two of these patients, but follow-up,
for the most part, was accomplished
for only a fortnight after the end of
treatment.? Other reported trials
showing a high cure rate with diloxa-
nide furoate were carried out primar-
ily on residents in highly endemic
amebiasis areas,’ and are not thought
to be comparable to the present trial
that was carried out in nonendemic
areas where the disease manifesta-
tions differ and the risk of reinfection
during follow-up is minimal.

The good result with only minor at-
tendant side effects obtained in this
study with a ten-day course of diloxa-
nide furoate compares favorably with
and in many respects is superior to
other amebicides used in the United
States and elsewhere in the treat-
ment of nondysenteric amebiasis. In
England, orally given emetine-bis-
muth-iodide is suggested as the stan-
dard of reference against other
amebicides in drug trials,’ but this

Diloxanide Furoate in Amebiasis—Wolfe

drug is not available in the United
States and frequent troublesome side
effects can occur with its use. Tet-
racyclines, particularly oxyetetracy-
cline (Terramycin), and tetracycline
hydrochloride, usually given in a dose
of 1 or 2 gm daily for ten days, are
highly effective in acute amebic dys-
entery, but relapse rates are high.
However, when this course is com-
bined with or followed by a 21-day
course of 650 mg of diiodohydroxy-
quin (Diodoquin) three times a day
(often this course is combined or fol-
lowed with a four-week course of
chloroquine phosphate to prevent
later development of liver abscess),
cure rates as high as 95% without re-
lapse have been obtained in acute
amebic dysentery.® There are no val-
id reports on the effectiveness of
this combined regimen in the more
chronic forms of amebiasis, but cure
rates of 80% to 90% should be obtain-
able. However, this regimen has nu-
merous drawbacks, including (1) a
prolonged course of treatment, (2) the
not infrequent occurrence of di-
arrhea, (3) the potential risk of bacte-
rial and monilial overgrowth, (4)
teeth discoloration in children due to
the tetracycline; and (5) the potential
for reactions to iodine with diiodohy-
droxyquin. Diiodohydroxyquin, by it-
self in a 21-day course, is usually well
tolerated and provides cures on the
order of at least 75% in chronic ame-
biasis,” but again there is a rather
prolonged course of treatment and io-
dine-sensitive individuals cannot use
it. Also, this drug, though to a far
lesser degree than the related com-
pound iodochlorhydroxyquin (Entero-
Vioform)," has led to a few cases of
optic atrophy or polyneuropathy or
both with long-term administration
of larger doses than recommended for
treatment of amebiasis, such as in the
management of acrodermatitis ente-
ropathica.’” Paromomycin (Humatin)
can be given in a short course and
cure rates averaging 80% have been
reported, but it is more effective in
acute intestinal amebiasis than in the
asymptomatic carrier state.’* When it
is used alone, relapses are frequent,
and in the required doses, it fre-
quently causes diarrhea and other
gastrointestinal complaints and can
lead to a reversible malabsorption de-
fect.'* Carbarsone, an arsenical, when
employed alone is curative in only
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‘about 50% of cases.* Although it is

normally well tolerated, fatalities as
a result of exfoliative dermatitis,
liver necrosis, or hemorrhagic en-
cephalitis have been reported.”
Glycobiarsol (Milibis), is also an ar-
senical and when given alone, the
cure rate is disappointingly low.* Al-
though side effects are fewer with
glycobiarsol than with carbarsone,
isolated instances of arsenical tox-
icity have been reported.'® In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenicals
should be used for a chronic condition.
Metronidazole has been heralded as
the most effective drug for all forms
of amebiasis. Although metronidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis,”” claims that it is superior to pri-
marily luminal-acting drugs, when
used by itself in noninvasive forms of
amebiasis, are not substantiated in
all studies. Quite favorable results
were obtained by the use of metro-
nidazole alone in various dosage regi-
mens in Pakistan and India.” But
studies in Bangkok*® and London*
showed metronidazole by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of ame-
biasis in the lumen of the bowel. In
the London study, carried out at the
Hospital for Tropical Diseases, it was
concluded that the cure rate in these
forms of amebiasis was no higher
with metronidazole in adequate doses
than with diloxanide furoate alone,
and side effects were more common
and troublesome. It was thought that
metronidazole is less effective as a
luminal amebicide because it is al-
most completely absorbed from the
small bowel and may thus only affect
intraluminal amebae if they are in
very close proximity to the colonic
mucosa.”

A two- to four-week course of
chloroquine phosphate, concomitant
with or following the use of some of
the drugs discussed, is often em-
ployed as a precautionary measure
against the possible subsequent oc-
currence of amebic liver abscess.”?
The later development of amebic liver
abscess is a rare occurrence in well-
nourished, otherwise healthy individ-
uals with nondysenteric amebiasis
who comprised the subjects of the
present study. Since side effects of
chloroquine phosphate are frequent
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and may be additive to those caused
by primary bowel-active drugs, such
as diloxanide furcate (or tetracy-
clines, metronidazole, or diiodohy-
droxyquin used in other studies), and
since we have not encountered ame-
bic liver abscess following the use of
these drugs, chloroquine phosphate
has not been used as a routine pre-
cautionary measure in the treatment
of the usual noninvasive amebiasis
patient in our unit.

Little is known concerning possible
teratogenic effects of diloxanide fu-
roate, and since the main indication
for its use is for a nonacute condition,
it appears best at this time to with-
hold its use at least during the early
stage of pregnancy. Some investiga-
tors have shown activated charcoal to
be beneficial in decreasing the only
common side effect of diloxanide fu-
roate, excessive flatulence,” but this
preparation was not used in the pres-
ent study.

Although diloxanide furoate by it-
self may not be a satisfactory treat-
ment for acute amebic dysentery ' it
holds great promise as a luminal
amebicide in a follow-up course of
treatment to metronidazole in cases
of acute amebiasis, particularly if di-
loxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this country. This combi-
nation of metronidazole (in a dose of
500 to 750 mg three times a day for
five to ten days) followed by a ten-
day standard course of diloxanide fu-
roate, could possibly represent a near
ideal regimen for acute amebic dys-
entery and could also possibly lead to
an even higher cure rate in nondys-
enteric amebiasis than either drug
alone. It might also prove superior to
the present commonly used regimen
of a course of metronidazole followed
by 21 days of diiodohydroxyquin ther-
apy, which was recently reported to
have been followed by the appearance
of amebic liver abscesses in five pa-
tients whose amebic colitis had been
successfully treated with these two
drugs.* We are presently evaluating
a regimen of metronidazole and di-
loxanide furcate in a series of pa-
tients with more acute signs and
symptoms of amebiasis than those in-
cluded in the present investigation,
wherein diloxanide furoate by itself
has been shown to be an effective,
safe, and simple regimen for the

JAMA, June 18, 1973 o Vol 224, No 12

treatment of chronic and subacute
nondysenteric amebiasis.

Diloxanide furoate would therefore
appear to be a valuable addition to
the assortment of amebicidal drugs
used in this country and it is hoped
that it can be soon licensed for rou-
tine use.

Nonproprietary Name
and Trademark of Drug

Metronidazole - Flagyl.

References

1. Woodruff AW, Bell 3: The evaluation of
amoebicides. Trans R Soc Trop Med Hyg 61433-
439, 1967.

2. Felix H, et al: Treatment of amoebiasis
with entamide furoate. Bull Soc Pathol Exot
55:370-379, 1962.

3. Botero D: Treatment of acute and chronic
intestinal amebiasis with entamide furvate.
Trans R Soc Trop Med Hyg 58:419-421, 1964.

4. Wilmot AJ, et al: Some newer amoebicides
in acute amoebic dysentery. Trans R Soc Trop
Med Hyg 56:85-86, 1962.

5. Seaton DR: Amoebicides. Gut 206:16-19,
1971,

6. Marsden PD, Schultz MG: Intestinal para-
sites, Gastroenterology 57:7124-750, 1969.

7. Sapero JJ, Lawless DK: The "MIF" stain-
preservation technique for the identification of
intestinal protozoa. Am J Trop Med Hyg 2613-
619, 1953.

8. Woodruff AW, Bell S: Clinical trials with
entamide furoate and related compounds: [. In a
non-tropical environment. Trans R Soc Trop
Med Hyg 54:389-395, 1960.

9. Powell SJ: Short-term followup studies in
amoebic dysentery. Trans R Soc Trop Med Hyg
61:765-768, 1967.

10. Most H: Current concepts in therapy:
Treatment of amebiasis. N Engl J Med 262:513-
514, 1960.

11. Schultz MG: Euntero-Vioform for pre-
venting travelers’ diarrhea, editorial. JAMA
220:273-274, 1972,

12. Annotations: Clioquinol and other haloge-
nated hydroxyquinolines. Lancet 1:679, 1968.

13. Sodeman WA Jr Amebiasis (clinical semi-
nar). Am J Dig Dis 16:51-60, 1971.

14. Keusch GT, et al: Malabsorption due to
paromomycin. Arch Intern Med 125:273-276,
1970.

15. Radke RA, Baroody WG: Carbarsone tox-
icity: A review of the literature and report of 45
cases. Ann Intern Med 47:418-427, 1957,

16. Today’'s drugs: Drugs for dysentery. Br
Med J 1825-328, 1964.

17. Powell SJ: Drug therapy of amoebiasis.
Bull WHQ 40953-956, 1969.

18. Khambatta RB: Metronidazole and the
“symptomless cyst-passer.” Med Today 3:72-74,
1969.

19. Chuttani PN, et al: The cyst passer. Indian
Practitioner 21:714-718, 1968.

20. Chongsuphajaisiddhi T, et al: Treatment
of Entamoeba histolytica cyst passers with met-
ronidazole. Southeast Asian J Trop Med Public
Health 2:29-33, 1971.

21. Kanani SR, Knight R: Experiences with
the use of metronidazole in the treatment of
non-dysenteric intestinal amoebiasis. Trans R
Soc Trop Med Hyg 56:244-249, 1972.

22. Powell SJ, Elsdon-Dew R: Chloroquine in
amoebic dysentery. Trans R Soc Trop Med Hyg
65:540, 1971.

23. Weber DM: Amebic abscess of liver follow-
ing metronidazole therapy. JAMA 216:1339-
1340, 1971,

Diloxanide Furoate in Amebiasis—Wolfe




> N
N\a
v"‘{&i‘f“\}
ARG
\»% s
) OOQ

<

Reprinted with permission
through the Copyright
Clearance Center

Am. J. Trop. Med. Hyg., 28(2), 1979, pp. 190-193

Copyright ® 1979 by The American Society of Tropical Medicine and Hygiene

SUCCESSFUL TREATMENT OF SYMPTOMATIC
ENTAMOEBA POLECKI INFECTION*

Abstract.

J. S. SALAK], J. L. SHIREY, axp G. T. STRICKLAND
Department of Medicine, National Naval Medical Center and Uniformed Services
University of the Health Sciences, Bethesda, Maryland 20014

The second symptomatic case of Entamoeba polecki infection, the first to

respond to therapy, is reported. The patient experienced intermittent episodes of abdominal
cramps, diarrhea, nausea, and malaise associated with large numbers of E. polecki cysts in
the stool. Following treatment with diloxanide furoate and metronidazole, all symptoms
cleared and the parasite was no longer present in the stool.

Human infection with Enfamoeba polecki is
rare and the parasite has been confused micro-
scopically with Entamoeba histolytica’ It is
generally considered not to be a pathogen for
man. Herein, we report a case of prolonged
symptomatic E. polecki intestinal disease in a
patient in whom medical treatment for the organ-
ism resulted in the first clinical and laboratory
cure. This is the 20th human case reported, the
second in which the patient had been symptomatic.

CASE REPORT

D. McK., a 24-year-old Peace Corps volunteer,
had been stationed in Upper Volta between July
1974 and June 1976, living in the back-country
in open huts into which local domestic animals
would freely roam. Pertinent animal contact
occurred with pigs as well as with a pet monkey.
Before entering the Peace Corps. he had no prior
historv of gastrointestinal disease. However,
while in Africa, he experienced muitiple episodes
of dysentery diagnosed as both amebic and bacil-
larv. With each episode he was treated with
appropriate therapv and obtained temporary
symptomatic improvement.

When discharged from the Peace Corps in June
1976 he again experienced abdominal pain and
diarrhea and was successfully treated for hook-

Accepted 18 September 1978.

* The opinions or assertions contained herein are
the private ones of the authors and not to be con-
strued as official or reflecting the views of the Navy
Department or the naval service at large.
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worm infection. Nevertheless, he continued tq
have mucoid stools, diarrhea, nausea, headache,
weakness, malaise, and abdominal cramps. Hjs
weight, which had been 153 Ibs in June 1974, was
134 lbs 2 years later.

In September 1976 the patient was first seep
at the National Naval Medical Center for inves.
tigation of his continued gastrointestinal com-
plaints. At that time his physical examination
was unremarkable, other than mucoid stool on
rectal exam. A stool specimen observed for para-
sites showed a heavy infection with Entamoeby
polecki and he had a 26% eosinophilia (Fig. 1),

The patient was begun on a course of metroni-
dazole, 750 mg three times per day for 10 days
and diiodohydroxyquin, 650 mg three times per
day for 20 days. Although subjective improve-
ment occurred and the parasite was absent from
the stool briefly, both E. polecki cysts and his
symptoms recurred (Fig. 2). Over the next 10
months the patient received numerous courses of
treatment with anti-amebicides, with no sustained
resolution of either symptoms or presence of
the organism in his stool specimens. although
symptomatic improvement often coincided with
reductions in numbers of cysts in the feces during
therapy. Extensive laboratory investigations seek-
ing another cause of his diarrhea and or eosino-
philia were normal or negative and are listed in
Table 1. All routine laboratory tests were normal.
A total of 31 stool specimens were examined with
no other intestinal parasites observed. Schisto-
soma haematobium were not present in the urine.
Repeated thick blood films did not show filariae.
However, eosinophilia was always present and.
although it diminished after successful therapy
for the E. polecki, it persisted (Figs. 1 and 21.

In July 1977, the luminal agent, diloxanide
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Ficure 1. Representative E. polecki cysts. The karvosome is large in comparison with the nucleus and
chromatin is abundant in the nuclear membrane. Chromatoid bodies are numerous (long arrow) while inclusion
masses (short arrows) are seen in some cvsts. Lawless and trichrome stain, X 960.

furoate (Furamide®), was used for the first time.
Following a 10-day course of metronidazole 750
mg three times per day, diloxanide furoate was
= for 10 days, 500 mg three times daily. Upon

letion of taking both agents, he noticed
subjective improvement in his condition with
resolution of abdominal cramps, more formed,
less mucoid stools and improved appetite. Al-
though he had a rare isolated stool negative for
parasites associated with treatment in the prior
10 months, he has subsequently had 12 consecu-
live negative stool exams over the past 12 months
and only rarely has a loose stool following a
dietary indiscretion, e.g.. excessive beer consump-
tion,

DISCUSSION

Entamoeba polecki was first described and
named by von Prowazek in 1912 when it was first
seen by him in pigs and later monkeys, cattle, and
sheep, and was named after Dr. Poleck, a Samoan
physician.? The life cycle includes both tropho-
zoite and cyst stages, although trophozoites are
infrequently seen in the stool. Almost exclusively
described as a parasite of pigs and monkevs. it has
been found in human stools on rare occasions.’ 2
Transmission from certain domestic animals.
particularly pigs and monkeys. is the most likely
source of infection, but human-to-human spread
has also been suggested.®

Diloxanide furoste
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SURE 2. Course of illness showing symptoms, E. polecki cysts in stools, eosinophil count, and treatment
Patient remains asymptomatic and parasite free through June 1978.

S



iy,
L}
¥

"
‘

T, e

192 SALAKI, SHIREY,

TasLE 1

Laboratory studies performed to detect a poteniial
cause of diarrhea and eosinophilia other than Ent-
amoeba polecki. Al had normal results

Serology*
Amebic [HA (X 4)
Schistosomal CFT and IFA
Trichinella LA slide test
Filarial BFT and IHA

Procedures
Sigmoidoscopy (X 2)
Rectal biopsy (histological and press exams)
Barium enema
Gall bladder series
Duodenoscopy and small intestinal biopsy
Duodenal aspirate examination
Upper gastrointestinal series with small
bowel follow through

* IHA, indirect bemagglutination test; CFT, complement-
fixation test: IFA, indirect f{luorescent antibody test; LA,
latex agglutination: BFT, bentonite flocculation test.

Differentiation between cysts of E. histolytica,
E. polecki, and E. coli can be difficult.”™ There
are five major points of distinction between E.
histolytica and E. polecki, the two amebae most
often confused. First. E. polecki has a single
nucleus with only about 1% of cysts reaching a
binucleate stage. E. histolytica is infrequently
uninucleate, and usually more mature cysts are
seen containing 2—4 nuclei. The presence of only
single nuclear forms in the stool should raise the
suspicion of E. polecki. Second, the nucleus in the
cyst of E. polecki is usually one-fourth to one-
third the cyst's diameter and contains a large
karyvosome with variations of the chromatin pat-
tern. In contrast, the E. histolytica nucleus is
larger. being one-third to one-half the cyst’s
diameter. with a small karvosome and uniform
distribution of peripheral nuclear chromatin.
Third. E. polecki cysts rarely have glycogen
vacuoles which are commonly seen with E. his-
tolvtica. However, an inclusion mass—a darkly
stained body 3-4 times the size of the nucleus—is
often found in the cvtoplasm of E. poleck:. It is
not found in E. histolvtica. Fourth, E. histolytica
usuallvy contains less than ten chromatin bars:
E. polecki may have as many as thirty. Finally.
E. histolvtica is readily treatable; whereas, E.
polecki is virtually refractory to therapy.® E.
polecki is mnot invasive beyvond the intestine:
whereas. E. kistolvtica is well known for extra-
intestinal complications.

AND STRICKLAND

This is only the second recorded case of
tomatic illness secondary to E. polecki in
infection. Levin and Armstrong reported
year-old female Peace Corps volunteer sta
in India with documented infestation fq 092
months, the last 7 months away from the P
sumed contact area in India.' Our patient pey.
sisted in having uncontrolled symptomatic g
polecki intestinal disease for 10 months afte,
leaving Africa until he was finally successfully
treated. Furthermore, his diarrhea during the 3
vears in Africa could have been at least in pay
due to E. polecki infection.

This infection has never previously been gyc.
cessfully eradicated from a human host. After
9 months of follow-up, with 12 negative stog]
examinations, we consider the patient’s infectiop
to be cured. To our knowledge, this is the first
time that diloxanide furoate had been used
specifically to treat E. polecki infection. 1t is
used as a luminal amebicide, and when combined
with metronidazole is considered an ideal regimen
for acute amebic dysentery.®!® Side effects are
virtually nonexistent with the exception of in.
creased flatulence. It is also useful to eliminate
cyst carriers and as an adjunct to metronidazole
in treating amebic liver abscesses.™ It is not
known whether diloxanide furoate alone is suf-
ficient to cure E. polecki infections. A combina-
tion with metronidazole, as used to treal our
patient, may be required.

We found no explanation for this patient’s
persistent eosinophilia. Blood smears and sero-
logical tests for both filariae and trichinosis were
negative, as were repeated stool examinations for
other intestinal parasites and a duodenal aspirate
looking for Stromgvloides stercoralis. There was
no clinical or laboratory evidence for a collagen
vascular disease, allergies or leukemia.
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SUCCESSFUL TREATMENT OF SYMPTOMATIC
ENTAMOEBA POLECKI INFECTION*

Abstract.

Human infection with Entamoeba polecki is
rare and the parasite has been confused micro-
scopically with Entamoeba histolytica® Tt is
generally considered not to be a pathogen for
man. Herein, we report a case of prolonged
svmptomatic £. polecki intestinal disease in a
patient in whom medical treatment for the organ-
ism resulted in the first clinical and laboratory
cure. This is the 20th human case reported, the
second in which the patient had been symptomatic.

CASE REPORT

D. McK.. a 24-year-old Peace Corps volunteer,
had been stationed in Upper Volta between July
1974 and June 1976, living in the back-country
in open huts into which local domestic animals
would freely roam. Pertinent animal contact
occurred with pigs as well as with a pet monkey.
Before entering the Peace Corps. he had no prior
history of gastrointestinal disease. However,
while in Africa, he experienced multiple episodes
of dysentery diagnosed as both amebic and bacil-
larv. With each episode he was treated with
appropriate therapy and obtained temporary
symptomatic improvement.

When discharged from the Peace Corps in June
1976 he again experienced abdominal pain and
diarrhea and was successfully treated for hook-
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The second svmptomatic case of Entamoeba polecki infection, the first to
respond to therapy, is reported. The patient experienced intermittent episodes of abdominal
cramps, diarrhea, nausea. and malaise associated with large numbers of E. polecki cysts in
the stool. Following treatment with diloxanide furoate and metronidazole, all symptoms
cleared and the parasite was no longer “present in the stool.

worm infection. Nevertheless, he continued tq
have mucoid stools, diarrhea, nausea, headache
weakness, malaise, and abdominal cramps., Hjs
weight, which had been 135 ibs in June 1974, was«
134 Ibs 2 years later.

In September 1976 the patient was first seen
at the National Naval Medical Center for inves.
tigation of his continued gastrointestinal com-
plaints. At that time his physical examination
was unremarkable, other than mucoid stool on
rectal exam. A stool specimen observed for para.
sites showed a heavy infection with Entumoeby
polecki and he had a 26% eosinophilia (Fig. 1).

The patient was begun on a course of metroni-
dazole, 750 mg three times per day for 10 day:
and diiodohydroxyquin, 650 mg three times per
day for 20 days. Although subjective improve-
ment occurred and the parasite was absent from
the stool briefly, both E. polecki cysts and his
symptoms recurred (Fig. 2). Over the next 1C
months the patient received numerous courses of
treatment with anti-amebicides, with no sustainec
resolution of either symptoms or presence o1
the organism in his stool specimens. although
svmptomatic improvement often coincided with
reductions in numbers of cysts in the feces during
therapy. Extensive laboratory investigations seek
ing another cause of his diarrhea and or eosino
philia were normal or negative and are listed ir
Table 1. All routine laboratory tests were normal
A total of 31 stool specimens were examined with
no other intestinal parasites observed. Schisto
soma haematobium were not present in the urine
Repeated thick blood films did not show filariae
However, eosinophilia was always present and
although it diminished after successful therap:
for the E. polecki. it persisted (Figs. 1 and 2).

In July 1977, the luminal agent. diloxanid:
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Ficure 1.

Representative E. polecki cysts. The karyosome is large in comparison with the nucleus and

chromatin is abundant in the nuclear membrane. Chromatoid bodies are numerous (long arrow) while inclusion
masses (short arrows) are seen in some cvsts. Lawless and trichrome stain, X 960.

furoate (Furamide®), was used for the first time.
Following a 10-day course of metronidazole 750
mg three times per day, diloxanide furoate was
viven for 10 days, 500 mg three times daily. Upon
£ “letion of taking both agents, he noticed
. .ctive improvement in his condition with
resolution of abdominal cramps. more formed,
less mucoid stools and improved appetite. Al-
though he had a rare isolated stool negative for
parasites associated with treatment in the prior
10 months, he has subsequently had 12 consecu-
tive negative stool exams over the past 12 months
and only rarely has a loose stool following a
dietary indiscretion, e.g.. excessive beer consump-
tion,

DISCUSSION

Entamoeba polecki was first described and
named by von Prowazek in 1912 when it was first
seen by him in pigs and later monkeys, cattle, and
sheep, and was named after Dr. Poleck, a Samoan
physician.? The life cycle includes both tropho-
zoite and cyst stages, although trophozoites are
infrequently seen in the stool. Almost exclusively
described as a parasite of pigs and monkevs. it has
been found in human stools on rare occasions.! *8
Transmission from certain domestic animals.
particularly pigs and monkeys. is the most likely
source of infection, but human-to-human spread

has also been suggested ®
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URE 2. Course of illness showing symptoms, E. polecki cysts in stools, eosinophil count, and treatment

s« patient remains asymptomatic and parasite free through June 1978,
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TastE 1
Laboratory studies performed to detect a potential
cause of diarrhea and eosinophilia other than Ent-
amoeba polecki. AN had normal results

Serology*
Amebic THA (X 4)
Schistosomal CFT and IFA
Trichinella 1A slide test
Filardal BFT and THA

Procedures
Sigmoidoscopy (X 2)
Rectal biopsy (histological and press exams)
Barium enema
Gall bladder series
Duodenoscopy and small intestinal biopsy
Duodenal aspirate examination
Upper gastrointestinal series with small
bowel foilow through

* IHA, indicect hemagglutination test; CFT, complement-
fixation test: [FA, indirect f[luorescent anubody test; LA,
latex agglutination: BFT, bentonite flocculation test,

Differentiation between cysts of E. histolytica,
E. polecki, and E. coli can be difficult.™? There
are five major points of distinction between E.
histolytica and E. polecki, the two amebae most
often confused. First, E. polecki has a single
nucleus with only about 1% of cvsts reaching a
binucleate stage. E. histolytica is infrequently
uninucleate, and usually more mature cysts are
seen containing 2—4 nuclei. The presence of only
single nuclear forms in the stool should raise the
suspicion of £. polecki. Second, the nucleus in the
cyst of E. polecki is usually one-fourth to one-
third the cvst’'s diameter and contains a large
karvosome with variations of the chromatin pat-
tern. In contrast, the £ histolytica nucleus is
larger. being one-third to one-half the cyst’s
diameter. with a small karvosome and uniform
distribution of peripheral nuclear chromatin.
Third. E. polecki cvsts rarelv have glvcogen
vacuoles which are commonly seen with £. kés-
tolvtica. However, an inclusion mass—a darkly
stained body 3-4 times the size of the nucleus—is
often found in the cvtoplasm of E. polecki. It is
not found in E. iustolvtica. Fourth. E. histolvtica
usually contains less than ten chromatin bars:
E. polecki may have as many as thirty. Finally,
E. histolyticq is readilv treatable; whereas, E.
polecki is virtually refractory to therapy.?® E.
polecki iz not invasive bevond the intestine:
whereas. E. histolvtica is well known for extra-
intestinal complications,

vear-old female Peace Corps volunteer sta;
in India with documented infestation fof 2
months, the last 7 months away from the j
sumed contact area in India.! OQur patient per.
sisted in having uncontrolled symptomatic g
polecki intestinal disease for 10 months afe,
leaving Africa until he was finally successfully
treated. Furthermore, his diarrhea during the
vears in Africa could have been at least in pan
due to E. poleck: infection.

This infection has never previously been syc.
cessfully eradicated from a human host. Afte
9 months of follow-up, with 12 negative stog
examinations, we consider the patient’s infectior
to be cured. To our knowledge, this is the firg
time that diloxanide furoate had been usec
specifically to treat E. polecki infection. It i
used as a luminal amebicide, and when combinec
with metronidazole is considered an ideal regimer
for acute amebic dysentery.®'® Side effects are
virtually nonexistent with the exception of in.
creased flatulence. It is also useful to eliminatc
cyst carriers and as an adjunct to metronidazoic
in treating amebic liver abscesses.' It is no
known whether diloxanide furoate alone is suf
ficient to cure E. polecki infections. A combina
tion with metronidazole, as used to trea{ ou
patient, may be required.

We found no explanation for this patient’
persistent eosinophilia. Blood smears and sero
logical tests for both filariae and trichinosis wer
negative, as were repeated stool examinations fo
other intestinal parasites and a duodenal aspirat
looking for Strongvloides stercoralis. There wa
no clinical or laboratory evidence for a collage
vascular disease, allergies or leukemia.
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Nondysenteric Intestinal Amebiasis

_~ -——=  Treatment With Diloxanide Furoate

NOTICE
™IS MATERIAL MAY BE PROTECTED BY Martin S. Wolfe, MD

CORYRIGHT LAW (TITLE 17, U.S. COBE)

Diloxanide furoate, an investigational, amebicidal drug in the United
States, was given in a ten-day course of 500 mg three times a day. This
therapy led to parasitologic and symptomatic cure in all 12 asymptomatic
cyst carriers and in 52 of 65 patients with nondysenteric, symptomatic,
intestinal amebiasis who had all contracted Entamoeba histolytica
infections while abroad. Criteria for cure were the absence of £ histolytica
parasites in three complete stool examinations, one and three months
following completion of treatment, and complete or marked symptomatic
improvement. Excessive flatulence was a common, but the only
significant side effect. The high effectiveness (83% cure rate), relative

"y

soluble than its earlier parent com-
pound and is more slowly absorbed
from the bowel and excreted from the
body, thus providing a higher concen-
tration in the bowel wall and lumen
for a longer period of time. Diloxa-
nide furoate has been used exten-
sively outside of the United States
for more than 15 years in the treat-
ment of amebiasis, but has not been
licensed in this country and is re-

Yiim patunday

9y ybnowgy

ease of administration, and minimal toxicity of diloxanide furoate
indicates that this drug has numerous advantages over other primarily
luminal-acting amebicides presently available in this country for the

treatment of chronic amebiasis.

ore than 90% of the individ-

IMI uals seen in our Tropical
Medicine Unit, who have
contracted amebiasis while traveling
or living abroad, had an asymptomatic
-+ a nondysenteric chronic or suba-
~ form of infection. Similar find-

_ s are also reported in returnees to
England and France.* It is much
more unusual in these countries to see
the fulminant dysenteric form of
amebiasis in travelers, with its typi-
cal presentation of frequent bloody
stools, fever, marked abdominal
cramps, tenesmus, and weight loss. A
spectrum of symptoms is seen with
nondysenteric Entamoeba histolytica
infections, ranging from asympto-
matic and mildly symptomatic indi-
viduals with complaints of increased
number of soft stools, intermittent
constipation, excessive distention and
flatulence, and increased fatigue to
more severely infected individuals
who do not have frank amebic dysen-
tery, but show evidence of some inva-
sion of the bowel wall as manifested
by very frequent watery to mushy

From the Tropical Medicine Unit, Office of
Medical Services, Department of State, Wash-
ington, DC.

Read in part before the 20th annual meeting

=™ ¢ American Society of Tropical Medicine
iygiere, Boston, Dec 3, 1971.
sprint requests to Office of Medical Services,
Department of State, Washington, DC 20520
(Dr. Wolfe).

JAMA, June 18, 1973 e Vol 224, No 12
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stools, lower abdominal cramps,
weight loss, anorexia and nausea, and
marked asthenia. The asymptomatic
and mildly symptomatic individuals
fit most definitions of so-called
chronic amebiasis, while the more se-
verely affected individuals could be
said to have a subacute type of infec-
tion. The present report concerns 100
individuals exposed to amebiasis
while living or traveling outside the
United States and found, upon their
return to Washington, DC, to have
cysts larger than 10y, or trophozoites
fitting the definition for E histolytica.
These people were treated with di-
loxanide furoate (Furamide).

A number of anilides looked prom-
ising as amebicides and one of them,
dichloroacet - 4 - hydroxy - N - methyl-
anilide, was selected for further in-
vestigation. Ultimately, after exten-
sive laboratory and clinical investi-
gations, it was marketed in Britain
under the name of Entamide and re-
ceived the approved name diloxanide.
Further investigations were carried
out to find a derivative of diloxanide
which would give better results in
acute as well as in chronic amebia-
sis. Of the many derivatives examined,
the furoate ester not only gave bet-
ter results in acute amebic dysentery,
but in the asymptomatic condition as
well; it also was less toxic than diloxa-
nide itself. This compound was given
the name diloxanide furoate. It is less

Diloxanide Furoate in Amebiasis—Wolfe

stricted by federal law to investiga-
tional use. Early studies carried out in
various parts of the world with di-
loxamide furoate used by itself, both
in indigenous populations in highly
endemic amebiasis areas, and to a
lesser extent in returnees from ame-
biasis-endemic areas to England and
France, have claimed cure rates of
more than 90% in the chronic forms of
amebiasis and cure rates in the range
of 80% in the treatment of acute ame-
bie dysentery.'* However, diloxanide
furoate gave only a 40% cure rate and
was considered inadequate treatment
for acute amebic dysentery encoun-
tered in Durban, South Africa.* Other
workers also consider diloxanide fu-
roate inferior to other better-ab-
sorbed drugs in acute amebic dysen-
tery where there is significant tissue
invasion.>*

The only previous studies of diloxa-
nide furoate in the United States
were by McHardy in 1960 who re-
ported a 90% cure rate in asympto-
matic amebiasis patients (Panel on
Diarrheal Disease, clinical meeting of
the American Medical Association,
Washington, DC); and Most (written
communication, March 1970), who
used diloxanide furoate both with and
without chloroquine phosphate and
had cure rates between 75% and 80%.
Neither of these investigators re-
ported significant toxieity.

With its reported high effec-
tiveness, relative ease of adminis-
tration, and minimal toxic effects, di-
loxanide furoate appeared to have
numerous advantages over other
primarily luminal-acting amebicides
presently available in the United
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Table 1.—Resutts®
. Curedt
No. — - ~

Follow-Up Treated No. %
Complete

Asymptomatic cases 12 12 100

Symptomatic cases 65 52 80
Tota} 77 64 83
tncomplete (eliminated}

Asymptomatic cases [

Symptomatic cases 17
Total 23
Grand total 100

*One hundred cases treated with diloxanide furoate,
tBased on three negative resuits from complete stool examinations at one and three months
after treatment (a totat of six negative stools) and a compiete or marked symtomatic im-

provement,
Table 2.—Pretreatment and Postreatment Symptoms*
Prekeflment Posttreftment

Symptom Cured (52) Failurest (1?) Cured (52) Failurest (13‘)
Anorexia 7 2 0 0
Nausea 6 2 0 0
Weight loss 10 1 0 0
Mushy stoots 40 8 11 4
Watery stools 1 1 [¢) o}
Mucus 4 1 [}] 0
Intermittent

constipation 11 2 0 2
Abdominal cramps 12 3 3 [+]
Distention 16 5 1 2
Flatulence 31 8 5 4
Fatigue 17 5 3 1
At least one

posttreatment

symptom 17 8

*Sixty-five symptomatic cases with complete follow-up. Twelve asymptomatic cases not

includ

TBased on the persistence of E histofytica parasites in posttreatment stool specimens.

States for the treatment of non-
dysenteric forms of amebiasis. A new
drug investigation application was
filed with the Food and Drug Admin-
istration for diloxanide furoate, and
the study to be described was carried
out from June 1970 through Decem-
ber 1971

Materials and Methods

The 100 individuals in the study in-
cluded 84 US foreign service employ-
ees or their dependents; all but five of
these were adults, a reflection of the
primarily adult population seen in the
Tropical Medicine Unit of the Depart-
ment of State Office of Medical Ser-
vices. A further 16 adults were em-
ployees of the World Bank Group,
comprising various nationalities, who
reside in Washington, DC, but make
frequent short trips to countries in
the developing world. Eighteen pa-
tients were asymptomatic and the re-
maining 82 had mild to moderate
symptoms from their infection.

Criteria for inclusion in the study
included the finding of E histolytica
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cysts or trophozoites or both in at
least one pretreatment stool exami-
nation; the absence of severe symp-
toms or proctoscopic findings compat-
ible with acute amebic dysentery; and
an expectation that the patient would
remain in Washington, DC, during
the three-month follow-up period.
However, the nature of the patients’
work required sudden travel to ame-
biasis endemic areas during this
follow-up period in some cases. In-
formed consent for use of an investi-
gational drug was obtained from all
patients. Pretreatment and post-
treatment proctoscopic examinations
were not routinely carried out.

The criterion for parasitologic cure
was the absence of E histolytica para-
sites in three stool examinations car-
r'ed out one and three months follow-
ing the completion of treatment, for a
total of six negative specimens. All
stool examinations were performed
by the parasitology laboratory of the
Department of State Office of Medi-
cal Services. Each examination con-
sisted of direct smears in saline and

JAMA, June 18, 1973 o Vol 224, No 12

iodine, zinc sulfate, and formal ;
hyde-ether concentration, and auie.
bic culture utilizing lwer—cholesterol

broth. Dobell’s hematoxylin-stained

slides were made from any specimen

containing suspicious paragsites. In

some cases, when patients had been

suddenly reassigned or were abroad

at the time of follow-up, specimens

were sent to our laboratory in

thimerosal-iodine-formaldehyde pre-

servative, and direct smear and con-

centration technique were performed

on these specimens.’ Complete or

marked symptomatic improvement

was also necessary to consider an in-

dividual to be cured.

All subjects were treated on an out-
patient basis. Adults were given a
course of 500 mg of diloxanide fu-
roate three times daily for ten days
and children were given 20 mg/kg of
body weight daily in three divided
doses for ten days.

Pretreatment and immediate post-
treatment white blood cell count, he-
matocrit reading, and urine albumin
and sediment examinations were per-
formed by the clinical laboratory of
the Department of State Office of
Medical Services. Following the com-
pletion of the treatment course, pa-
tients were questioned as to the
occurrence of side effects and
improvement in symptoms.

Results

Twenty-three patients did not have
satisfactory results of posttreatment
follow-up stool examinations and
were eliminated from the study. Six
of these were asymptomatic and the
other 17 were symptomatic.

All 12 of the asymptomatic patients
who had complete follow-up had six
negative results for stool examina-
tions and were considered parasito-
logically cured.

Sixty-five symptomatic patients
had complete follow-up and 52 of
these were considered parasitolog-
ically cured and symptomatically im-
proved, a cure rate of 80% in this
group (Table 1). Of the 13 parasito-
logic failures, five had complete
symptomatic improvement, while at
least one pretreatment symptom per-
sisted in the remaining eight. Nine of
the 13 treatment failures were mani-
fested at the one-month follow-up ex-
amination and two of those found

Diloxanide Furoate in Amebiasis—Wolfe




positive at the three-month follow-up
examination had traveled to amebia-
~«ig-endemic areas between the one-

~~_d three-month follow-up examina-

o~

-

ns, Six patients with treatment
1ailure were given a second course of
diloxanide furoate and three were
cured, but E histolytica infection per-
sisted in the other three. These sec-
ond courses of diloxanide furoate are
not included in determining cure
rates.

The total cure rate obtained in the
77 patients (12 asymptomatic and 65
symptomatic) with satisfactory fol-
low-up findings was 83% (Table 1).

In the successfully treated sympto-

matic group, all those with symptoms
of anorexia, nausea, constipation, and
weight loss, were free from these
symptoms following treatment. Elev-
en individuals with soft stools before
treatment continued to have soft
stools during follow-up. Five of the 31
individuals who had had excessive
flatulence still had this complaint
after treatment, but only one of 16
individuals who had complained of
distention continued to have this dis-
turbance. Fatigue persisted in only
" “ree of 17 people who had had this
“nplaint (Table 2).
{'wenty-six patients who had com-
plete follow-up had coincidental En-
tamoeba hartmanni infections before
treatment, and in only two of them
was this parasite present in post-
treatment specimens.

A universal side effect was exces-
sive flatulence, and 87% of those ques-
tioned as to occurrence of side effects
complained of this. The only other
significant side effects occurred in
five patients who complained of nau-
sea, three of anorexia, two of
diarrhea, and two of mild abdominal
cramps while taking the drug, but all
completed the full course of treat-
ment without incident (Table 3). No
significant abnormalities were found

between pretreatment and post-
treatment blood cell counts and
urinalyses.

Comment

The results of this investigation,
the elimination of cysts from all 12
asymptomatic patients, and an over-

2~ .cure rate of 83% in the 77 diloxa-

e furoate-treated patients with
«dequate follow-up, are similar to
those of the two previous studies of

-JAMA, June 18, 1973 » Vol 224, No 12

Table 3.—Side Effects*
Recorded %

Flatulence 78 87.4
Anorexia 3 3.3
Nausea 5 5.6
Diarrhea 2 2.2
Abdominal cramps

(mild) 2 2.2

*One hundred patients treated with diloxa-
nide furoate. Ninety were followed up and
recorded and ten were in a group with no
or an incomplete follow-up.

this drug in the United States by
McHardy and Most (written commu-
nication, March 1970). The results are
also considered comparable to those
obtained in other investigations of di-
loxanide furoate in nonendemic ame-
biasis areas. In one of the early
studies of diloxanide furoate at the
Hospital for Tropical Diseases in Lon-
don, a 95.5% cure rate was obtained in
35 patients with chronic amebiasis
when given a standard ten-day course
of diloxanide furoate. However, in
that study the mean number of fol-
low-up stool examinations was only
1.5, and it is quite likely that if six
follow-up examinations over a three-
month period had been carried out as
in the present study, the cure rate
would have dropped somewhat. In an-
other study, Felix et al* treated 54
young adults with chronic amebiasis,
who had returned to France after
having spent a period in Algeria, with
a standard course of diloxanide fu-
roate. Cure was claimed for all but
two of these patients, but follow-up,
for the most part, was accomplished
for only a fortnight after the end of
treatment.’ Other reported trials
showing a high cure rate with diloxa-
nide furoate were carried out primar-
ily on residents in highly endemic
amebiasis areas,” and are not thought
to be comparable to the present trial
that was carried out in nonendemic
areas where the disease manifesta-
tions differ and the risk of reinfection
during follow-up is minimal.

The good result with only minor at-
tendant side effects obtained in this
study with a ten-day course of diloxa-
nide furoate compares favorably with
and in many respects is superior to
other amebicides used in the United
States and elsewhere in the treat-
ment of nondysenteric amebiasis. In
England, orally given emetine-bis-
muth-iodide is suggested as the stan-
dard of reference against other
amebicides in drug trials,’ but this

Diloxanide Furoate in Amebiasis—Woife

drug is not available in the United
States and frequent troublesome side
effects can occur with its use. Tet-
racyclines, particularly oxyetetracy-
cline (Terramycin), and tetracycline
hydrochloride, usually given in a dose
of 1 or 2 gm daily for ten days, are
highly effective in acute amebic dys-
entery, but relapse rates are high.*
However, when this course is com-
bined with or followed by a 21-day
course of 650 mg of diiodohydroxy-
quin (Diodoquin) three times a day
(often this course is combined or fol-
lowed with a four-week course of
chloroquine phosphate to prevent
later development of liver abscess),
cure rates as high as 95% without re-
lapse have been obtained in acute
amebic dysentery.* There are no val-
id reports on the effectiveness of
this combined regimen in the more
chronic forms of amebiasis, but cure
rates of 80% to 90% should be obtain-
abie. However, this regimen has nu-
merous drawbacks, including (1) a
prolonged course of treatment, (2) the
not infrequent occurrence of di-
arrhea, (3) the potential risk of bacte-
rial and monilial overgrowth, (4)
teeth discoloration in children due to
the tetracycline; and (5) the potential
for reactions to iodine with diiodohy-
droxyquin. Diiodohydroxyquin, by it-
self in a 21-day course, is usually well
tolerated and provides cures on the
order of at least 75% in chronic ame-
biasis,* but again there is a rather
prolonged course of treatment and io-
dine-sensitive individuals cannot use
it. Also, this drug, though to a far
lesser degree than the related com-
pound iodochlorhydroxyquin (Entero-
Vioform), has led to a few cases of
optic atrophy or polyneuropathy or
both with long-term administration
of larger doses than recommended for
treatment of amebiasis, such as in the
management of acrodermatitis ente-
ropathica.” Paromomycin (Humatin)
can be given in a short course and
cure rates averaging 80% have been
reported, but it is more effective in
acute intestinal amebiasis than in the
asymptomatic carrier state.” When it
is used alone, relapses are frequent,
and in the required doses, it fre-
quently causes diarrhea and other
gastrointestinal complaints and can
lead to a reversible malabsorption de-
fect."* Carbarsone, an arsenical, when
employed alone is curative in only
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‘about 50% of cases.* Although it is
normally well tolerated, fatalities as
a result of exfoliative dermatitis,
liver necrosis, or hemorrhagic en-
cephalitis have been reported.
Glycobiarsol (Milibis), is also an ar-
senical and when given alone, the
cure rate is disappointingly low.'* Al-
though side effects are fewer with
glycobiarsol than with carbarsone,
isolated instances of arsenical tox-
icity have been reported.'* In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenicals
should be used for a chronic condition.
Metronidazole has been heralded as
the most effective drug for all forms
of amebiasis. Although metronidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis,'” claims that it is superior to pri-
marily luminal-acting drugs, when
used by itself in noninvasive forms of
amebiasis, are not substantiated in
all studies. Quite favorable results
were obtained by the use of metro-
nidazole alone in various dosage regi-
mens in Pakistan" and India.”® But
studies in Bangkok” and London
showed metronidazole by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of ame-
biasis in the lumen of the bowel. In
the London study, carried out at the
Hospital for Tropical Diseases, it was
concluded that the cure rate in these
forms of amebiasis was no higher
with metronidazole in adequate doses
than with diloxanide furoate alone,
and side effects were more common
and troublesome. It was thought that
metronidazole is less effective as a
luminal amebicide because it is al-
most completely absorbed from the
small bowel and may thus only affect
intraluminal amebae if they are in
very close proximity to the colonic
mucosa.*

A two- to four-week course of
chloroquine phosphate, concomitant
with or following the use of some of
the drugs discussed, is often em-
ployed as a precautionary measure
against the possible subsequent oc-
currence of amebic liver abscess.”
The later development of amebic liver
abscess is a rare occurrence in well-
nourished, otherwise healthy individ-
uals with nondysenteric amebiasis
who comprised the subjects of the
present study. Since side effects of
chloroquine phosphate are frequent
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and may be additive to those caused
by primary bowel-active drugs, such
as diloxanide furoate (or tetracy-
clines, metronidazole, or diiodohy-
droxyquin used in other studies), and
since we have not encountered ame-
bic liver abscess following the use of
these drugs, chloroquine phosphate
has not been used as a routine pre-
cautionary measure in the treatment
of the usual noninvasive amebiasis
patient in our unit.

Little is known concerning possible
teratogenic effects of diloxanide fu-
roate, and since the main indication
for its use is for a nonacute condition,
it appears best at this time to with-
hold its use at least during the early
stage of pregnancy. Some investiga-
tors have shown activated charcoal to
be beneficial in decreasing the only
common side effect of diloxanide fu-
roate, excessive flatulence,’ but this
preparation was not used in the pres-
ent study.

Although diloxanide furoate by it-
self may not be a satisfactory treat-
ment for acute amebic dysentery,' it
holds great promise as a luminal
amebicide in a follow-up course of
treatment to metronidazole in cases
of acute amebiasis, particularly if di-
loxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this country. This combi-
nation of metronidazole (in a dose of
500 to 750 mg three times a day for
five to ten days) followed by a ten-
day standard course of diloxanide fu-
roate, could possibly represent a near
ideal regimen for acute amebic dys-
entery and could also possibly lead to
an even higher cure rate in nondys-
enteric amebiasis than either drug
alone. It might also prove superior to
the present commonly used regimen
of a course of metronidazole followed
by 21 days of diiodohydroxyquin ther-
apy, which was recently reported to
have been followed by the appearance
of amebic liver abscesses in five pa-
tients whose amebic colitis had been
successfully treated with these two
drugs.”® We are presently evaluating
a regimen of metronidazole and di-
loxan.le furoate in a series of pa-
tients with more acute signs and
symptoms of amebiasis than those in-
cluded in the present investigation,
wherein diloxanide furoate by itself
has been shown to be an effective,
safe, and simple regimen for the
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treatment of chronic and subacute
nondysenteric amebiasis.

Diloxanide furoate would therefore
appear to be a valuable addition to
the assortment of amebicidal drugs
used in this country and it is hoped
that it can be soon licensed for rou-
tine use.

Nonproprietary Name
and Trademark of Drug

Metronidazole - Flagyl.
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Treatment of non-invasive amoebiasis. A comparison between
tinidazole alone and in combination with diloxanide furoate

PEHROLOV PEHRSON AND ELIAS BENGTSSON
Dept. of Infectious Diseases, Karolinska Institute, Roslagstull Hospital, Box 5651, S-114 89 Stockholm, Sweden

Summary
Tinidazole (40 mg/kg body-weight in one daily dose for five days) and tinidazole (same dose) plus
diloxanide furoate (20 mg/kg body-weight divided into turee daily doses for 10 days) were compared
as treatments for amoebiasis. The parasitic cure rates were 44 and 91% respectively. We cannot,
therefore, recommend tinidazole alone in this dosage as a treatment for non-invasive amoebiasis.

Introduction
Tinidazole (Fasigyn) has recently been widely used
as an alternative to metronidazole for the treatment of
infections with Entamoeba histolytica. In a previous
study (PEHRSON, 1982), tinidazole was given to a
series of patients with chronic intestinal or asymp-

#=matic amoebiasis. When checked by at least three

‘ol specimens taken on different days, one month
iter treatment, we found a parasitic cure rate (p.c.r.)
of 0% (0/14). This should be compared with the
results obtained in other studies, showing a cure rate
of 77 to 9%6% (MISRA & 1.AIQ, 1974; PRARASH et al.,
1974; JosHl & SHAH, 1975; BAKSHI er al., 1978),
using the same dosage schedule but mainly in cases of
acute intestinal amoebiasis.

To investigate the reasons for the unsatisfactory
response we obtained, which could be due to too low a
dose or to a low efficiency of tinidazole in the gut
lumen, we carried out a new trial with a higher daily
dose of tinidazole and compared the effect of this
higher dose with that following treatment with
timidazole and diloxanide furoate (Furamide) in com-
bination. This larter was found 1o be an effective
intraluminal amoebicide (WOODRUFF & BELL, 1960,
1967; WOLFE, 1973), whose mode of action upon the
amoeba is unknown. We omitted Furamide as a single
regimen, because it is considered to be ineffecuve
against invasive amoebiasis and there is always a risk
of developing an invasive form of the disease if
zymodeme differentiation of strains of Entamoeba
histolyrica is not performed routinely (SARGEAUNT &
WILLIAMS, 1978; SARGEAUNT et al., 1982).

Materials and Methods

During the period of the study, 41 patients were
diagnosed as suffering from amoebiasis. All of them were
supposed to have contracted their infections abroad, as
amoebiasis is not considered to be endemic in Sweden. No
cases of acute, dysenteric amoebiasis or diagnosed or
suspected cases of liver abscess were included. The patients
had not received any anti-amoebic drug during the previous

#7 Tear. Nine of the patients had & concomitant infection with

iardia lgmblia, two with Shigella flexneri, two with Campy-
iwbacter jejuni, one with Salmonella paratyphi A, one with
H is nana, one with Ascaris lumbricordes and one with
Trichuris trichiura.

In a predetermined, random order, the patients were
allocated to two groups, 18 being treated with tinidazole
alone and 23 with the combination. Al were hospital
in-patients and kept under supervision during treatment.

Dosage schedules
(1) tinidazole 40 mg'kg body-weight in one daily dose for five

days;
(2) unidazole as above plus diloxanide furoate 20 mg’kg
body-weight divided into three daily doses for 10 days.

Approximately one month after the treatment was com-
pleted, checks were made, including the examination of at
least three stool specimens taken on different days. One of
these was examined by direct microscopy of freshly passed,
loose facces induced by a 50% magnesium sulphaie purgative
and the other normally passed specimens were examined
by the formol-ether-concentration technique described by
RipLEY & HAwWGOOD (1956). Failure was defined as the
persistence of amoebic trophozoites or cysts in any of these
specimens.

Those in whom the treatment with tinidazole failed were
later treated with the combination of tinidazole and dilox-
anide furoate and those in whom the combination failed were
%r;a(t{ed with metronidazole 40 mg/kg body-weight daily for

ays.

Results

Data on the participants and the results of the
checks one month after treatment are shown in Table
1. In no case were the side effects severe enought to
cause cessation of treatment. Statistical analysis was
made, using the chi-square test, and showed a
significant difference between the two groups on the
1%-level (two-tailed test) and in favour of the
combination. No differences could be found between
the response of Swedes and that of the immigrants, or
between those infected on different continents (Asia,
Africa, South America). The presence of other
parasites did not seem to affect the outcome of the
treatment.

Discussion

Our results with tinidazole alone (44% p.c.r.), in
treating non-dysenteric amoebiasis, are unsatisfactory
and differ very much from those obtained in previous-
ly published studies by different authors, using the
same dosage schedules (77 to 96% p.c.r.) (IsLam &
HasaN, 1975; APTE & PACKARD, 1978) or lower
(MISRA & LAIQ, 1974; PRAKASH eral., 1974; JOSHI &
SHAH, 1975; BAKASHI er al., 1978). The patients in
these studies were, however, mainly cases of acute
amoebic dysentery, a factor which may have in-
fluenced the results.

A weak amoebicidal effect of the nitroimidazoles on
the cyst stage of E. histolytica was observed by
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Table I-—Some characteristics and treatment results of 41 patients with non-invasive amoebiasis

Median age Patients with Swedes v. Parasite- Parasite
(age range) symptoms v. other free at cure
Treatnent No. years asymptomatics  nationalities check rate
Tinidazole
40mgkg x 1 + V 18 28 (9-68) 11:7 8:10 8 44%
Tinidazole 40 mgkg x 1
x V + diloxanide 23 26 (6-68) 15:8 11:12 21 92%

furcate 500 mg x 3 x X

SPILLMAN et al. (1976), but this report was contra-
dicted by BAKSHI et al. (1978). Our drug trial was
carried out in a country in which amoebasis is not
endemic, making reinfection during follow-up very
unlikely, and confirming that the low p.c.r. was
caused by “true” treatment failures.

We therefore believe that our poor results with
tinidazole alone are due to its ineffectiveness in
eradicating cysts in the lumen of the gut, either
because of 100 effective absorption (MONRO, 1974} or
inactivation by aerobic organisms as shown by RALPH
& CLARKE (1978).

When tnidazole was combined with diloxanide
furcate, we obtained a cure rate of 91%, which may be
compared with studies by WOODRUFF & BELL
(1967), in which they reported a cure rate of 95% in
amoebic cyst-passers treated with diloxanide furoate
alone for 10 days and WOLFE (1973), who found a
cure rate of 83% using the same schedule. It is also
noteworthy that all our failures with tinidazole alone
have proved to be freed from their infection after
treatment with the combination.
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A. INGREDIENT NAME:

DIMERCAPTO-1-PROPA FONI MPS

B. Chemical Name:
DL-2, 3-Dimercapto-1-Propanesulfonic
C. Common Name:

DMPS, Unithiol, Dimaval, Mercuval

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

the ingredient:
(Limit-Min/Max) (Results)
Assay: (Iodometric) 95% 98.2%

E. Information about how the ingredient is supplied:

Fine, white, crystalline powder, odorless

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

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

Aposhian, H. V. DMSA and DMPS- water soluble antidotes for heavy metal poisoning.
Annual Review of Pharmacology and Toxicology, 1983; 23: 193-215.

Aposhian, H. V., Maiorino, R. M., and Gonzalez-Ramirez, D. Mobilization of heavy
metals by newer,therapeutically useful chelating agents. Toxicology. 1995; 97(1-3): 23-
28.

Chisolm, J. J. BAL, EDTA, DMSA, and DMPS in the treatment of lead poisoning in
children. Clinical Toxicology, 1992; 30(4): 493-504.



Torrs-Alanis, O., Garza-Ocanas, L., and Pineyro-Lopez, A. Evaluation of Urinary
Mercury Excretion After Administration of 2,3-Dimercapto-1-propane Sulfonic Acid to
Occupationally Exposed Men. Cinical Toxicology, 1995; 33(6): 717-720.

Aposhian, H. V., Maiorino, R. M,, and Rivera, , M. Human Studies with the Chelating
Agents, DMPS and DMSA. Clinical Toxicology, 1992; 30(4): 505-528.

Clarkson, T. W., magos, L., and Cox, C. Tests of Efficacy of Antidotes for Removl of
Methylmercury in Human Poisoning during the Iraq Outbreak. 7he Journal of
Pharmacology and Experimental Therapeutics. 1981; 218: 74-83.

Reynolds, J. E. Martindale - The extra Pharmacopeia (31* ed.). London, UK: the Royal
Pharmaceutical Society. 1996. 997.

Chisolm, J. J. and Thomas D. J. Use of 2,3-dimercaptopropane-1-Sulfonate in Treatment
of Lead Poisoning inChildren. The Journal of pharmacology and Experimental
therapeutics, 1985; 235(3): 665-669.

Maiorino, R. M., Gonzalez-Ramirez, D., and Zuniga-Charles, M. Sodium 2, 3-
Dimercaptopropane-1-Sulfonate Challenge Test for Mercury in Humans. III. Urinary
Mercury after Exposure to Mercurous Chloride. The Journal of Pharmacology and
Experimental therapeutics, 1996, 277(2): 938-944.

Moore, D. F,, O’Callaghan, C. A., and Berlyne, G. Acute arsenic poisoning: absence of
polyneuropathy after treatment with 2, 3-dimercaptopropanesulphonate (DMPS).
Journal of Neurology, Neurosurgery, and Psychiatry, 1994; 57: 1133-1135.

Hurlbut, K. M., Maiorino, R. M., and Mayersohn, M. Determination and Metabolism of
Dithiol Chelating Agents XVI: Pharmacokinetics of 2,3-Dimercapto-1-Propanesulfonate
ater Intravenous Administration to Human Volunteers. The Journal of Pharmacology
and Experimental Therapeutics. 1994; 268(2): 662-668.

Maiorino, R. M., Xu, Z., and Aposhian, H. V. Determination and Metaboliosm of Dithiol
Chelating Agents. XVII. In Humans, Sodium 2,3-Dimercapto-1-Propanesulfonate is
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Therapeutics, 1996: 277(1): 375-384.
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Sciences, 1982; 31(19): 2149-2156.
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Aposhian, H. V. Biological Chelation: 2,3-dimercapto-propanesulfonic acid and meso-
deimercaptosuccinic acid. Adv Enzyme Regul, 1982;20: 301-319.

H. Information about dosage forms used:

Capsules

I. Information about strength:
200-400mg

J. Information about route of administration:
Orally

K. Stability data:

Melts at about 230-235°
Stable

L. Formulations:

M. Miscellaneous Information:
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PRODUCT: DL-2,3-DIMERCAPTO-1-PROPANESULFONIC ACID SOD -

CATALOG NO: YY110 =
LOT NO: NAQ487
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QUALITY CONTROL REPORT

/7 CHEMICAL NAME. :DIMERCAPTO-1-PROPANESULFONIC

-

MANUFACTURE LOT NO.:NA0487

PHYSICAL TEST
SPECIFICATION TEST STANDARD.:USP__/BP__/MERCK _/NF__/MART. /CO.SPECS.__ .

1)DESCRIPTION. :
ﬁ? FINE, WHITE, CRYSTALLINE POWDER; ODORLESS.

2) SOLUBILITY.:
FREELY SOLUBLE IN WATER; SLIGHTLY SOLUBLE IN ALCOHOL AND IN METHANOL.

3)MELTING POINT.:

- MELTS AT ABOUT 230-235 DEGREE.
\

4) SPECIFIC GRAVITY.:

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

PASSES.: FAILS.:

COMMENTS. : FULL NAME.: DIMERCAPTO-1-PROPANESULFONIC ACID SODIUM SALT 2,3.

ANALYST SIGNATURE.: DATE.
PREPACK TEST.: DATE. : INITIAL.:
RETEST. : DATE. : INITIAL.:
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MATERIAL SAFETY DATA SHEET

DI-2,3-Dimercapto-1-Propanesulfonic Acid, Sodium Salt, Monohydrate 95%
02225

*+x% SECTION 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION ****

5

MSDS Name: DI-2,3-Dimercapto- 1 -Propanesulfonic Acid, Sodium Salt, Monohydrate =

Synonyms:
DMPS
Company Identification: Acros 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: 800-424-95300

*%%% SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS ****

o o Fommemm Fom e +
| CAS# | Chemical Name | % | EINECS# |
|=mm = m e R e ke bei bbb = |-—mmm I
| 4076-02-2 |DI-2,3-Dimercapto-1-Propanesulfonic Ac| 95% | 223-796-3 |
| |id, Sodium Salt Monohydrate | |

R et o o fomm B ettt +

*x%+ SECTION 3 - HAZARDS IDENTIFICATION ****

EMERGENCY OVERVIEW
Appearance: white.
Caution' Air sensitive. The toxicological properties of this
material have not been fully investigated.
Target Organs: None known.

Potential Health Effects

Eye:
No information regarding eye irritation and other potential effects
was found.

Skin:
No information regarding skin irritation and other potential effects
was found.

Ingestion:
The toxicological properties of this substance have not been fully
investigated.

Inhalation:

The toxicological properties of this substance have not been fully
investigated. Inhalation of dust may cause respiratory tract



",
F

)

MATERIAL SAFETY DATA SHEET

irritation.
Chronic:
Not available.

*¥44% SECTION 4 - FIRST AID MEASURES *+***

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 immediately. Flush skin with plenty of socap and
water for at least 15 minutes while removing contaminated clothing
and shoes.

Ingestion:
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.

*k%% SECTION 5 - FIRE FIGHTING MEASURES ****

General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-~demand, MSHA/NIOSH (approved or equivalent), and full
protective gear.
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 - ACCIDENTAL RELEASE MEASURES ****

General Information: Use proper personal protective equipment as indicated
in Section 8.
Spills/Leaks:
Sweep up or absorb material, then place into a suitable clean, dry,
closed container for disposal. Avoid generating dusty conditions.

k%% SECTION 7 - HANDLING and STORAGE ****

Handling:
Wash thoroughly after handling. Use only in a well ventilated area.
Minimize dust generation and accumulation. 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 CONTROLS, PERSONAL PRQTECTION ****

Engineering Controls:
Use adequate ventilation to keep airborne concentrations low.

Exposure Limits

-------------------- L T e it T e T
Chemical Name | ACGIH | NIOSH [OSHA - Final PELs
-------------------- [ ettt B il Rtk bt d bbbttt
DI-2,3-Dimercapto-1linone listed Inone listed |none listed
-Propanesulfonic Ac| |
id, Sodium Salt Mon| | |
ohydrate I | !

i
|
|
|
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MATERIAL SAFETY DATA SHEET

OSHA Vacated PELs:
DI-2,3-Dimercapto-1l-Propanesulfonic Acid, Sodium Salt Monohydrate:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes:
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA's eye and face
protection regulations in 2% CFR 1910.133.
Skin:
Wear appropriate protective gloves to prevent skin
exposure.
Clething:
Wear appropriate protective clothing to prevent skin
exposure.
Respirators:

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

k%k*% SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES ****

Physical State: Solid
Appearance: white

Odor: None reported.
pH: 5.0 0.5

Vapor Pressure: Not available.
Vapor Density: Not available.
Evaporation Rate: Not available.
Viscosity: Not available.
Boiling Point: @ 760.00mm Hg
Freezing/Melting Point: 229 deg C
Decomposition Temperature: Not available.
Solubility: Not available.
Specific Gravity/Density: Not available.
Molecular Formula: C3H70353Na.H20
Molecular Weight: 228.28

*k%* SECTION 10 - STABILITY AND REACTIVITY ****

Chemical Stability:
Stable under normal temperatures and pressures.
Conditions to Avoid:
Not available.
Incompatibilities with Other Materials:
Strong oxidizing agents.
Hazardous Decomposition Products:
Carbon monoxide, oxides of sulfur, carbon dioxide, sodium oxide.
Hazardous Polymerization: Has not been reported.

**%x* SECTION 11 - TOXICOLOGICAL INFORMATION ****

RTECS#:
CAS# 4076-02-2: TZ6420000
LD50/LC50:
Not available.
Carcinogenicity:
DI-2,3-Dimercapto-1l-Propanesulfonic Acid, Sodium Salt Monohydrate -
Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.
Epidemiology:
No data available.
Teratogenicity:
No data available.
Reproductive Effects:
No data available.
Neurotoxicity:
No data available.
Mutagenicity:
No data available.
Other Studies:
No data available.

Page 3 of 5



MATERIAL SAFETY DATA SHEET

*k%*x SECTION 12 - ECOLOGICAL INFORMATION ****

iy

Ecotoxicity:
Not available.
Environmental Fate:
Not available.
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: Not listed.

RCRA U-Series: Not listed.

Not listed as a material banned from land disposal according to RCRA.

X#%% SECTION 14 - TRANSPORT 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

No information available.

\
)

= *%%* SECTION 15 - REGULATORY INFORMATION **+**

US FEDERAL
TSCA
CAS# 4076-02-2 is not listed on the TSCA inventory.
It is for research and development use only.
Health & Safety Reporting List
None of the chemicals are on the Health & 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
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:

None of the chemicals in this product are considered highly hazardous

by OSHA.
STATE

pollutants.
depletors.
depletors.
as Hazardous

as Priority

as Toxic Pollutants

Not present on state lists from CA, PA, MN, MA, FL, or NJ.
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MATERIAL SAFETY DATA SHEET

California No Significant Risk Level:
None of the chemicals in this product are listed.

e European/International Regulations
o ’ European Labeling in Accordance with EC Directives
Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:
S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)
CAS# 4076-02-2:
Canada
None of the chemicals in this product are listed on the DSL/NDSL list.
WHMIS: Not available.
CAS# 4076-02-2 is not listed on Canada's Ingredient Disclosure List.
Exposure Limits
*k%* SECTION 16 - ADDITIONAL INFORMATION ****
MSDS Creation Date: 3/07/1992 Revision #3 Date: 9/11/1997
The information above is helieved to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.
Back to product information.

)
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E relatively non-toxic thiocyanate, and thus
.‘)' he detoxification of cyanide.

¢, josage regimen in adults is 300 mg of so-
bite (10 mL of a 3% solution) administered

Jous injection over 3 minutes followed by
b sodium thiosulphate (50 mL of a 25% so-
: 25 mL of a 50% solution) administered in-
sly over 2 period of about 10 minutes. A
4 dosage regimen in children is 0.15 to

r kg body-weight of a 3% solution of so-
Barite (approximate[y 4.5 to 10.0 mg per kg)
py 1.65 mL per kg of a 25% solution of
thiosulphate (412.5 mg per kg). The meth-
concentration should not exceed 30 to
; ptoms of cyanide toxicity recur, it has
: cested that the injections of nitrite and thi-
, may be repeated after 30 minutes at haif

doses.
S thiosulphate is used as an isotonic 4% solu-
i the management of extravasation of mustine
2 been tried in the management of extravasa-
B¢ some other antineoplastic agents (although
B contentious area, see p.516).
B thiosulphate has antifungal properties and
2a used topically in the treatment of pityriasis
Eolor: the usual treatment of this infection is
on p.397. Sodium thiosulphate and mag-
B thiosulphate are included in mixed prepara-
Por 2 variety of disorders.

Fé

acceptable daily intake of sodium thiosulphate as
W 700 ug per kg body-weight.

0. Evaluation of certain food additives and contami-
eaty-second report of the joint FAG/WHO expert
pe on food additives. WHO Tech Rep Ser 631 1978.
WHO. Evaluation of certain food additives and contami-
Bl twenty-seventh report of the joint FAO/WHO expert
palee on food additives. WHO Tech Rep Ser 696 1983.

r ort of sodium thiosulphate given by intravenous in-
i wducing the incidence of nephrotoxicity associated
’ laperitoneal cisplatin, see under Adverse Effects in
p.552.
Jate poisoning. Sodium thiosulphate has been admin-
i the reatment of bromate poisoning'-? aithough its
fefficacy is unclear.’ Sodium thiosulphate is thought 1o

ducing bromate to the less toxic bromide ion, but ex-
haeal evidence is lacking.’ However, the high morbidity
ity associated with bromate poisoning may justify
this relatively innocuous compound in some clini-
s nces.*

BN, o1 ol Bromate poisoning from ingestion of profession-

care neutralizer. Clin Pharm [988: 7: 66-70.
g R, er al. Bromate poisoning. J Pediarr 1989; 114:

V'E Kearney TE. Sodium thiosuifate unproven as
. antidote. Clin Pharm 1988; 7: 570, 572.

CE. Sodium thiosulfate unproven as bromate antidote.
B Pharm 1988, 7: 572

jRtrations

g Preparations are listed below; details are given in Part 3.
- "Igmtions
8: Sodium Thiosulphate Injection;

um Thiosulfate Injection.

swtary Preparations
gy fene; Ger: S-hydrilt.
D dient preparations. Aust.: Schwefelbad Dr Klop-
T Canad.: Adasept; Fr. Artérase: Désintex: Désin-
ésintex-Choline: Désintex-Pentazolt; Digestal®:
tne; Rhino-Sulfuryl; Sulfo-Thiorine Pantothéniquet:
Ke. Ger.: Corti Jaikal; Jaikal; Jodcalcium-POS+; Phera-
o n . elbad-Dr. Klapfer N; Jtal.. Istaglobinat; Salicilato At-
s Zeta-Bat; §.Afr. Tripac-Cyana; Spain: Artro Gamma
e Gamma Vit B1+; Aruochemit; Nacient Sulf+: Yodo

_-5“-'";: Blephamide; Sébo Lotion; Suifo-Balmiralt;

ook USA: Cyanide Antidote Package; Komed*; Tinver.

2

s

g Ter (oseiq

SNer (BAN, USAN, rINN).

DMsa, meso-2,3-Dimercaptosuccinic acid; (R.S7)-
n ~Hpto-butanedioic acid.

WS = 1822,

Sodium Polystyrene Sulphonate/Unithiol 997

Adverse Effects and Precautions

Succimer may cause gastro-intestinal disorders,
skin rashes, increases in serum transaminase, flu-
like symptoms, drowsiness, and dizziness. Succimer
should be used with caution in patients with im-
paired renal function or a history of hepatic disease.

Pharmacokinetics

Following oral administration succimer is rapidly
but incompletely absorbed. It undergoes rapid and
extensive metabolism and is excreted mainly in the
urine with small amounts excreted in the faeces and
via the lungs.

References.

. Dant RC, ¢z al. Pharmacokinetics of meso-21,3-dimercaptosuc-
cinic acid in patients with lead poisoning and in healthy adults.
7 Pediair 1994; 125: 309-16.

Uses and Administration

Succimer is a chelating agent structurally related to
dimercaprol (see p.980). It forms water-soluble
chelates with heavy metals and is used in the treat-
ment of acute poisoning with lead, arsenic, or mer-
cury. 7

Succimer may also be used in the management of
cystinuria. Succimer, labelled with a radionuclide, is
used in nuclear medicine.

In the treatment of lead poisoning, succimer is given
by mouth in a suggested dose of 10 mg per kg body-
weight or 350 mg per m* body-surface area every 8
hours for 5 days then every 12 hours for an addition-
al 14 days. The course of treatment may be repeated
if necessary, usually after an interval of not less than
2 weeks. The management of lead poisoning, in-
cluding the use of succimer, is discussed under
Lead. Treatment of Adverse Effects, p.1720.

Reviews.

1. Anonymous. Succimer—an oral drug for lead poisoning. Med
Leit Drugs Ther 1991; 33: 78.

2. Mann KV, Travers JD. Succimer. an oral lead chefator. Clin
Pharm 1991; 10: 914-22,

Extracorporeal administration. Extracorporeal infusion

of succimer into the anterial blood line during haemodialysis,

a procedure known as extracorporeai regional complexing

haemodialysis, produced a substantial clearance of mercury

in an anuric patient following intoxication with inorganic

mercury.! Clearance was approximately ten times greater

than that achieved with haemodialysis following intramuscu-

lar administration of dimercaprol.

1. Kostyniak PJ, er al. Extracorporeal regional complexing
haemodialysis treatment of acute inorganic mercury intoxica-
tion. Hum Toxicol 1990; 9: 137-41.

Preparations
Names of preparations are listed below; details are given in Part 3.

Proprietary Preparations
USA: Chemet,

Trientine Dihydrochloride (33774

Trientine Dihydrochioride (BAN, ANNM).

MK-0681; Trien Hydrochloride; Trientine Hydrochloride
(USAN); Triethylenetetramine Dihydrochlonde. 2.2'-Ethylene-
di-iminobis(ethylamine) dihydrochioride: N,N"-bis(2-Aminoe-
thyl)- |,2-ethanediamine dihydrochloride.

CeHgN42HCE = 219.2.

CAS — [12-24-3 (trientine); 38260-01-4 (trientine dihy-
drochloride).

Pharmacopoeias. In US.

A white to pale yellow crystalline powder. Freely soluble in
water; soluble in methyl alcohol; slightly soluble in alcohol:
practically insoluble in chloroform and in ether. A 1% solu-
tion in water has a pH of 7.0 to 8.5. Store under an inert gas
in airtight containers at 2° 1o 8°. Protect from light.

Adverse Effects and Precautions

Trientine dihydrochloride may cause iron deficien-
¢y. If iron supplements are given an interval of at
least 2 hours between the administration of a dose of
trientine and iron has been recommended. Recur-
rence of symptoms of systemic lupus erythematosus
has been reported in a patient who had previously
reacted to penicillamine.

e T"0! * denotes a preparation no longer actively marketed

Uses and Administration

Trientine dihydrochloride is a copper chelating
agent used in a similar way to penicillamine in the
treatment of Wilson's disease. It tends to be used in
patients intolerant to penicillamine. For a discussion
of the management of Wilson's disease see p.992.

Trientine dihydrochloride is administered by mouth.
preferably on an empty stomach. The usual initial
dose is 750 mg to 1250 mg daily in 2 to 4 divided
doses increasing to a maximum of 2 g daily if re-
quired. In children, the usual initial dose is 500 to
750 mg daily increasing to a maximum of 1.5 g dai-
ly if required.

Preparations

Names of preparations are listed below: details are given in Past 3.

Official Preparations

USP 23: Trientire Hydrochloride Capsuies.
Proprietary Preparations

USA: Syprine.

Unithiol (553

MPS: Unigiol. Sodium 2,3-dimercaptopropanesuiphonate.
C;H7Na048; = 210.3.
CAS — 4076-02-2.

Unithiol is a chelating agent structuraily related to
dimercaprol (see p.980). It is water soluble and re-
ported to be less toxic than dimercaprol. Unithiol is
used in the treatment of poisoning by heavy metals
including arsenic, lead, inorganic and organic mer-
cury compounds, and chromium. [t may be less ef-
fective in cadmium poisoning.

Unithiol is given by mouth in doses of 100 mg three
times daily. It has also been administered parenteral-

ly.
Reviews.

1. Aposhizn HV. DMSA and DMPS—water soluble antidotes for
heavy metal poisoning. Ann Rev Pharmacol Toxicol 1983; 13:
193-215.

2. Hruby K, Donner A. 2.3-Dimercapto- |-propanesulphonate in
heavy metal poisoning. Med Toxicol 1987 2: 317-21.

Lead poisoning. Unithiol has been tried in twelve children
with chronic lead poisoning.' It reduced lead concentrations
in blood but did not affect the concentrations of copper or zinc
in plasma. During treatment the urinary excretion of lead,
copper, and zinc was increased.

The usual chelating agents used in the management of lead
poisoning are discussed on p.1720.

1. Chisolm JJ, Thomas DJ. Use of 2,3-dimercaptopropane-1-sul-

fonate in treatrment of lead poisoning in children. J Pharmacol
Exp Ther 1985, 235: 665-9.

Mercury poisoning. Administration of unithiol 100 mg
twice daily by mouth for a maximum of 15 days enhanced
urinary elimination of mercury in 7 patients with mercury
poisoning.' The urinary elimination of copper and zinc was
also increased in most patients and two developed skin rashes.
Unithiol, 50 mg per 10 kg body-weight by intramuscular in-
Jjection three times a day reducing 10 50 mg per 10 kg once a
day by the third day of treatment, effectively reduced the half-
life of mercury in the blood following poisoning with methyl-
mercury.
1. Mant TGK. Clinical studies with dimercaptopropane sulpho-
nate in mercury poisoning. Hum Toxicol 1985, 4: 346,
2. Clarkson TW, er al. Tests of efficacy of antidotes for removal
of methylmercury in human poisoning during the Iraq out-
break. J Pharmacoi Exp Ther 1981; 218: 74-83.

Wilson’s disease. Unithiol 200 mg twice daily' was used
successfully to maintain cupriuresis in a | 3-year-old boy with
Wilson's disease after he developed systemic lupus during
treatment with penicillamine and with trientine dihydrochlo-
ride, which are two of the usual agents used in Wilsons dis-
ease (see p.992). Unithiol was started in two similar patients'
but both withdrew from treatment, one because of fever and a
fall in leucocyte count following a test dose and the other be-
cause of intense nausea and taste impairment.

1. Walshe JM. Unithiol in Wilson’s disease. 8r Med / i985: 290:

6734,

Preparations
Names of preparations are listed below; details are given in Part 3.
Proprietary Preparations

Ger: Dimaval; Mercuval,
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2, 3-DIMERCAPTO-1-PROPANE SULFONIC ACID (DMPS) IN THE
TREATMENT OF HEAVY METAL POISONING

Introduction

The use of chelating agents, such as BAL (British Anti-Lewisite}, calcium disodium
EDTA, and penicillamine in the treatment of human exposure to toxic metals has been well
known and accepted (1, 2, 3). However, these chelating agents have limited therapeutic
efficacies and undesirable side effects. In the quest for therapeutically more potent and less
toxic metal-binding agents to use in the treatment of heavy metal poisoning, scientists have
found that the sodium salt of 2, 3-dimercapto-1-propanesulfonic acid (DMPS) is an example
of such a compound (2, 4). It is a water-soluble chemical analog of dimercaprol (BAL) but
is less toxic. It is administered parenterally and is also effective when given orally. It has
been used as an official drug in the Soviet Union since 1958 as Unithiol®. DMPS has been
approved by the German Food and Drug Administration (FDA) and is manufactured by
Heyl & Co. in Berlin, Germany as Dimaval®. However, it is a relatively new antidote,

especially to this country; it is being used in the United States as an investigational drug (2).

Chemical Properties

Structurally, DMPS is related to BAL (Figure 1) (1, 2, 3). [tis a sulfonic acid salt with

two free sulfhydryl groups (SH-) which form complexes with heavy metals, such as mercury
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(Hg), cadmium (Cd), arsenic (As), lead (Pb), copper (Cu), silver (Ag), tin (Sn), and others. It
is soluble in water and can be administered parenterally as well as orally. DMPS has a
distinct odor; thus, it is recommended to administer the drug in ice cold orange juice or in
ice cold apple sauce (3). In addition, stability studies on DMPS are currently not available,

but it is considered to be very stable and not readily oxidized during pre-use storage.

Therapeutic Use

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by
heavy metals including mercury, arsenic, and lead (Table 1) (2. 6, 8, 9, 10). It is registered
with the German FDA for the treatment of mercury poisoning and is in fact sold in Germany
without the need of a prescription (2). It has also been used as a mercury challenge or
diagnostic test for mercuiy exposure; it has been found as the ideal agent to detoxify
patients that have suffered from mercury toxicity from dental amalgam fillings after the
fillings have been removed (1, 5, 6). Moreover, DMPS has been reported to be useful in

Wilson's disease in which tissue levels of copper are high. It is given by mouth as a single

——,

dose of 300 mg or 100 mg three times daily for as long as 15 days. In the treatment of lead

poisoning in children an oral dose of 200 mg to 400 mg of DMPS per meter squared body

surface area per day was used effectively without observable adverse drug reactions (8).

When given parenterally. 5 mg per kg body weight three times a day was the recommended

dose(7).

(]
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Pharmacokinetic Studies

DMPS has been extensively used in humans both in the Soviet Union and in

Germany, and pharmacokinetic data after intravenous (IV) and oral (PO) administration of LL7L
P S — T

this drug are widely available (1, 2, 11, 12). Studies have shown that DMPS is distributed
both extracellularly and to a smaller extent intracellularly (5, 11). Scientists made an
assumption that if the drug appeared in the bile then it must have entered liver cells first, and
experiments done in rats proved that DMPS does enter the liver cells in small amounts (5).

[n the plasma, DMPS is found to be about 62.5% bound by protein, mainly albumin,
via a disulfide linkage (5, 11, 12). This was elucidated by treating the isolated DMPS-
albumin complex from the urine with dithiothreitol (DTT) to give back DMPS, the parent
compound. The DMPS-albumin disulfide cbmplex is quite stable and may prolong the
heavy metal mobilizing activity of DMPS. As a matter of fact, the half-life of the parent
compound was 1.8 hours; whereas. that of altered DMPS was 20 hours.

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4, 5, 11, 12).
Hurlbut, et. al. (1994) demonstrated that only about 12% or 9%, respectively, of the DMPS
concentration detected in the urine is presented as the parent drug after fifteen minutes of IV
or PO administration of DMPS, suggesting that the majority of the DMPS in the urine were
the metabolites or the oxidized forms of the drug (12). In humans, DMPS is biotransformed
or oxidized to acyclic polymeric disulfides (which constitute only 0.5% of the total DMPS
disulfides) in the liver and cyclic polymeric disulfides (97% of the total DMPS disulfides) in
the bile (Figure 2) (2. 5. 12). The amount of altered or unaltered DMPS was determined

"
2
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using an assay that employed the chemical known as bromobimane to react with the thiols
(Figure 3) (5, 12). Neither bromobimane nor DMPS has a fluorescence, but bromobimane
would react with DMPS to form a highly fluorescent bimane derivative. The resulting
compound is then analyzed using the technique of HPLC (High-Performance Liquid
Chromatography) to detect unaltered molecules. The value of the altered or biotransformed
molecules of the drug is then determined by subtracting the value of experimentally
determined unaltered forms from the value of experimentally determined total DMPS (5).

Nevertheless, the disulfide group and certainly the sulfonic group are very poor
chelators, especially of mercury or lead (12). The two sulfhydryl groups of DMPS are
necessary for chelation. DMPS disulfides appear to be transported and reduced to DMPS
within the renal tubules in the kidney where chelation of mercury by DMPS increases
mercury excretion in the urine.

Oral DMPS appears to be less effective; oral bioavailability of DMPS is about 60%
(11). The half-life found for total DMPS in a study after IV administration was
approximately 20 hours, which was considerably longer than the half-life of 9.5 hours found
for total DMPS after oral administration to humans (11). These values may represent
differences in the metabolites produced after oral and IV administration. Other
pharmacokinetic parameters of the drug include an elimination half-life of 43 minutes, a

volume of distribution (Vd) of 160 ml/kg, and a clearance (CL) of 2.6 ml/min/kg (1, 11).



Toxicities

DMPS is a relatively safe drug and has been used innocuously in Europe for many
years (1). In the studies done on DMPS at a dose of 5 mg/kg, some patients developed
allergic reactions to the drug. This is usually because the patients have a history of allergies.
No anaphylactic shock was seen. Other common side effects experienced by some patients
were mild and include nausea, weakness, vertigo, and itching skin. No nephrotoxicity was
observed. It also exhibited no mutagenic or teratogenic effects (1). When the dosage was
increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and
ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However,
when injected [V, DMPS should be given over a five minute period since hypotensive effects

are possible when it is given parenterally as a bolus (2).

DMPS vs. Other Chelating Agents

[n the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are
becoming obsolete. Water-soluble chelating agents like DMSA (succimer, Chemet®) and
DMPS are therapeutically more potent and less toxic (1, 2, 5). When compared with D-
penicillamine and N-acetyl DL-penicillamine, DMPS was the most effective for clearing
mercury from the blood (6). It is more advantageous than DMSA since it has been
extensively used in the Soviet Union and in Germany, and capsules for oral use as well as
parenteral preparations of DMPS are available. DMSA. on the other hand, is only available

5



orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does
not cause a redistribution of Hg to the brain like calcium disodium EDTA can. DMPS is
more specific than calcium disodium EDTA,; at diagnostic doses, DMPS would not be
expected to increase the urinary excretion of essential trace elements such as copper and
zinc. DMPS is able to enter cells to a certain extent and thus is intermediate in its toxicity.
Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the

highest LD, since it does not get into cells (Tabled ).

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating
heavy metal poisoning. None of the other chelating agents including DMSA, BAL,
penicillamine, or calcium disodium EDTA is as therapeutically diverse and potent in
detoxifying patients of heavy metals as DMPS. Other chelating agents are more toxic to use;
whereas, DMPS is a relatively safe drug. Thus, in the treatment of heavy metal poisoning

2, 3-dimercapto-1-propane sulfonic acid is the recommended choice.



Figure 1
Chemical formulas for chelating agents used for treating heavy metal poisoning of humans

(From Reference #2)
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£ Proposed Structures of the human urinary metabolites of DMPS (From Reference # 12)
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Figure 3

Proposed Reactions of bromobimane with DMPS (From Reference #5)
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Table 1

Indications and Contraindications of chelating agents in heavy metal poisonings
(From Reference #2)

Metal* First Choice Second Choice Contraindications
Hg metal DMPS DMSA Dimercaprol

Hg inorganic DMPS DMSA Dimercaprol

Hg organic DMSA, DMPS Dimercaprol

Pb DMSA DMPS Dimercaprol, EDTA
As DMPS, DMSA Dimercaprol Dimercaprol (?)

Cr DMPS

Sb DMPS

Transuranics DTPA

*Abbreviations: Hg= mercury, Pb= lead, As= arsenic; Cr=chromium; Sb=antimony.

Table 2

*LD,, Determination intraparenterally in mice (From Reference #5)

Compound LD., (mmol/kg) 95% confidence Number of mice
interval
BAL 1.48 1.11,1.97 212
DMPA 0.82 0.80, 0.84 172
DMPS 6.53 5.49,7.71 88
meso-DMSA 13.73 11.36. 15.22 164

* D, = median lethal dose.
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2, 3-DIMERCAPTOQ-1-PROPANE SULFONIC ACID (DMPS) IN THE TREATMENT OF
HEAVY METAL POISONING

The use of chelating agents, such as BAL (British Anti-Lewisite), calcium disodium EDTA, and
penicillamine in the treatment of human exposure to toxic metals has been well known and accepted (1, 2,
3). However, these chelating agents have limited therapeutic efficacies and undesirable side effects. In the
quest for therapeutically more potent and less toxic metal-binding agents to use in the treatment of heavy
metal poisoning, scientists have found that the sodium salt of 2, 3-dimercapto- I -propanesulfonic acid
(DMPS) is an example of such a compound (2, 4). It is a water-soluble chemical analog of dimercaprol
(BAL) but is less toxic. It is administered parenterally and is also effective when given orally. It has been
used as an official drug in the Soviet Union since 1958 as Unithiol®. DMPS has been approved by the
German Food and Drug Administration (FDA) and is manufactured by Heyl & Co. in Berlin, Germany as
Dimaval®. However, it is a relatively new antidote, especially to this country; it is being used in the United

States as an investigational drug (2).

Chemical Properties

Structurally, DMPS is related to BAL (Figure I (1, 2, 3}. It is a sulfonic acid salt with two free
sulthydryl groups (SH-) which form complexes with heavy metals, such as mercury (Hg), cadmium (Cd),
arsenic {As), lead (Pb), copper {Cu), silver (Ag), tin (Sn), and others. It is soluble in water and can be

administered parenterally as well as orally. DMPS has a distinct odor; thus, it is recommended to
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administer the drug in ice cold orange juice or in ice cold apple sauce (3). In addition, stability studies on
DMPS are currently not available, but it is considered to be very stable and not readily oxidized during pre-

use storage.

Therapeutic Use

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by heavy metals
including mercury, arsenic, and lead (Table 1) (2, 6, 8, 9, 10). Itis registered with the German FDA for
the treatment of mercury poisoning and is in fact sold in Germany without the need of a prescription (2).

It has also been used as a mercury challenge or diagnostic test for mercury exposure; it has been found as the
ideal agent o detoxify patients that have suffered from mercury toxicity from dental amalgam fillings after
the fillings have been removed (I, 3, 6). Moreover, DMPS has been reported to be useful in Wilson’s
disease in which tissue levels of copper are high. It is given by mouth as a single dose of 300 mg or 100 mg
three times daily for as long as I5 days. In the treatment of lead poisoning in children an oral dose of 200
mg to 400 mg of DMPS per meter squared body surface area per day was used effectively without
observable adverse drug reactions (8. When given parenterally, 5 mg per kg body weight three times a

day was the recommended dose(7).

DMPS has been extensively used in humans both in the Soviet Union and in Germany, and
pharmacokinetic data after intravenous (IV') and oral (PO) administration of this drug are widely available

(I, 2, I', 12). Studies have shown that DMPS is distributed both extracellularly and to a smaller extent



intracellularly (5, IT). Scientists made an assumption that if the drug appeared in the bile then it must have
entered liver cells first, and experiments done in rats proved that DMPS does enter the liver cells in small
amounts (5).

In the plasma, DMPS is found to be about 62.5% bound by protein, mainly albumin, via a
disulfide linkage (5, I'1, 12). This was elucidated by treating the isolated DMPS-albumin complex from
the urine with dithiothreitol (DTT) to give back DMPS, the parent compound. The DMPS-albumin
disulfide complex is quite stable and may prolong the heavy metal mobilizing activity of DMPS. As a
matter of fact, the half-life of the parent compound was 1.8 hours; whereas, that of altered DMPS was 20
hours.

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4, 5, TT, 12). Hurlbu, et
al. (1994) demonstrated that only about 12% or 9%, respectively, of the DMPS concentration detected in
the urine is presented as the parent drug after fifteen minutes of IV or PO administration of DMPS,
suggesting that the majority of the DMPS in the urine were the metabolites or the oxidized forms of the
drug (12). In humans, DMPS is biotransformed or oxidized to acyclic polymeric disulfides (which
constitute only 0.5% of the total DMPS disulfides) in the liver and cyclic polymeric disulfides (97% of the
total DMPS disulfides) in the bile (Figure 2 (2, §, 12). The amount of altered or unaltered DMPS was
determined using an assay that employed the chemical known as bromobimane to react with the thiols
(Figure 3) (5, 12). Neither bromobimane nor DMPS has a fluorescence, but bromobimane would react
with DMPS to form a highly fluorescent bimane derivative. The resulting compound is then analyzed
using the technique of HPLC (High-Performance Liquid Chromatography) to detect unaltered molecules.
The value of the altered or biotransformed molecules of the drug is then determined by subtracting the
value of experimentally determined unaltered forms from the value of experimentally determined total

DMPS (5).



Nevertheless, the disulfide group and certainly the sulfonic group are very poor chelators, especially
of mercury or lead (12). The two sulthydryl groups of DMPS are necessary for chelation. DMPS
disulfides appear to be transported and reduced to DMPS within the renal tubules in the kidney where
chelation of mercury by DMPS increases mercury excretion in the urine.

Oral DMPS appears to be less effective; oral bioavailability of DMPS is about 60% (I1). The
half-life found for total DMPS in a study after IV administration was approximately 20 hours, which was
considerably longer than the half-life of 9.5 hours found for total DMPS after oral administration to
humans (IT). These values may represent differences in the metabolites produced after oral and IV
administration. Other pharmacokinetic parameters of the drug include an elimination half-life of 43

minutes, a volume of distribution (Vd) of 160 ml/kg, and a clearance (CL) of 2.6 ml/min/kg (I, I1).

Toxicities

DMPS is a relatively safe drug and has been used innocuously in Europe for many years (I). In the
studies done on DMPS at a dose of 5 mg/kg, some patients developed allergic reactions to the drug. This
is usually because the patients have a history of allergies. No anaphylactic shock was seen. Other common
side effects experienced by some patients were mild and include nausea, weakness, vertigo, and itching skin.
No nephrotoxicity was observed. It also exhibited no mutagenic or teratogenic effects (I). When the
dosage was increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and
ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However, when injected

IV, DMPS should be given over a five minute period since hypotensive effects are possible when it is given
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parenterally as a bolus (2).

DMP r ing A

In the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are becoming
obsolete. Water-soluble chelating agents like DMSA (succimer, Chemet®) and DMPS are therapeutically
more potent and less toxic (I, 2, 5). When compared with D-penicillamine and N-acetyl DL-
penicillamine, DMPS was the most effective for clearing mercury from the blood (6). It is more
advantageous than DMSA since it has been extensively used in the Soviet Union and in Germany, and
capsules for oral use as well as parenteral preparations of DMPS are available. DMSA, on the other hand,
is only available orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does
not cause a redistribution of Hg to the brain like calcium disodium EDTA can. DMPS is more specific
than calcium disodium EDTA; at diagnostic doses, DMPS would not be expected to increase the urinary
excretion of essential trace elements such as copper and zinc. DMPS is able to enter cells to a certain extent
and thus is intermediate in its toxicity.

Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the highest LDy, since

it does not get into cells {Table 2).

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating heavy metal
poisoning. None of the other chelating agents including DMSA, BAL, penicillamine, or calcium disodium

EDTA is as therapeutically diverse and potent in detoxifying patients of heavy metals as DMPS. Other



chelating agents are more toxic to use; whereas, DMPS is a relatively safe drug. Thus, in the treatment of
heavy metal poisoning

2, 3-dimercapto- [ -propane sulfonic acid is the recommended choice.

Figure 1
Chemical formulas for chelating agents used for treating heavy metal poisoning of humans (From Reference

#2)



Figure 2

Proposed Structures of the human urinary metabolites of DMPS (From Reference # 12)



Figure 3

Proposed Reactions of bromobimane with DMPS (From Reference #5)



Table 1

Indications and Contraindications of chelating agents in heavy metal poisonings

(From Reference #2)
Metal* First Choice Second Choice Contraindications
Hg metal DMPS DMSA Dimercaprol
Hg inorganic DMPS DMSA Dimercaprol
Hg organic DMSA, DMPS Dimercaprol
Pb DMSA DMPS Dimercaprol, EDTA
As DMPS, DMSA Dimercaprol Dimercaprol (?)
Cr DMPS
Sb DMPS
Transuranics DTPA

*Abbreviations: Hg= mercury; Pb= lead: As= arsenic; Cr=chromium; Sb=antimony.

Table 2

*LDj, Determination intraparenterally in mice (From Reference #5)

Compound LD, (mmol/kg) 95% confidence Number of mice
interval
BAL [.48 I.I1, 1.97 212
DMPA 0.82 0.80, 0.84 172
DMPS 6.53 549,771 38
meso-DMSA 13.73 11.36, 15.22 164
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*LDy, = median lethal dose.
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BIOLOGICAL CHELATION: 2,3-
DIMERCAPTO-
PROPANESULFONIC ACID AND
MESO-DIMERCAPTOSUCCINIC
ACID

H. VASKEN APOSHIAN

Department of Cellular and Developmental Biology,
University of Arizona, Tucson, AZ 85721

h INTRODUCTION

in 1946, summaries of the results of experiments dealing with a new metal
binding agent appeared in the biomedical literature. The agent became known
as British Anti-Lewisite or BAL. In the U.S. it was given the generic name of
dimercaprol. Its importance initially was its effectiveness in treating exposure
to the arsenic-containing chemical warfare agent, lewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals. It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

In subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced (1). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example D-penicillamine is
used to increase the excretion of copper in Wilson's disease (2) and N-acetyl-
pL-penicillamine to treat mercury intoxication (3). The exception has been in
the treatment of arsenic poisoning. Since the late 1940s, BAL has remained
the drug of choice in the U.S. for treating arsenic poisoning (1). BAL,
however, is far from the ideal drug. Some of its limitations are listed in Table
1.

In the mid-1950s, the chelating properties of two new agents, the sodium
salt of 2,3-dimercapto-I-propanesulfonic acid (DMPS) and meso-dimercap-
tosuccinic acid (DMSA) were reported (4, 5). These compounds are water
soluble analogs of BAL whose structures are shown in Figure 1. The synthesis
and some of the metal binding properties of DMPS were reported in 1956 by

oo

“strunkin (4). DMPS is an official drug of the Soviet Union where it is known
-s Unithiol. The use of DMSA to increase the uptake of antimony during
schistosomiasis therapy was reported by Friedheim et al, (5) in 1954. For the
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TABLE |. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

. High toxicity

. Low therapeutic index

. Unpleasant side effects

. Limited water solubility

. Instability in aqueous solution
. Must be given by injection

O b N -

WATER SOLUBLE AND ORALLY ACTIVE

ANALOGS OF BRITISH ANTILEWISITE

H ]
L M
H -—(l: -C - ? - o (BRITISH ANTILEWISITE)
|
S S H
H H
H
L . aes
H—C-C-C~505Ns (2,3-DIMERCAPTO-1-PROPANE -
I SULFONIC ACID, Na SALT)
: f’, H UNITHIOL, DIMAVAL
H B
ﬁ I lj DMsA
HO-C-C-C=-C~—0OH {MESO-DIMERCAPTO SUCCINIC ACID)
b
s s SUCCIMER
H H

FIG. |. Water soluble and orally active analogs of British Anti-Lewisite.

next 20 years, many reports about the usefulness of these two dimercapto
compounds appeared in the biomedical literature of the Soviet Union and
mainland China. A few examples of these are cited (6-11). During this time,
studies of these compounds by western investigators appear to be virtually
nonexistent. (For example, it was not until 1975 that Friedheim and Corvi
(12) reported the effectiveness of DMSA in treating mercury poisoning and it
was not until 1976 that Gabard (13) reported the use of DMPS in mercury
chelation therapy). The reasons for the paucity of earlier studies in the West
may be that the synthesis of DMPS is very difficult and its export from the
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficult, the main reason for a lack of investigative studies
in the West appears to be that interest in and funds for chelation research were
very limited. DMSA is called Succimer in the Soviet literature.

In about 1978, Heyl & Co., Berlin, succeeded in synthesizing and producing
DMPS. This recent availability has encouraged investigators in West
Germany, Norway and the U.S. to “rediscover” and study the drug with
renewed interest (13-19). DMPS is marketed by Heyl & Co., as Dimaval. Itis
an approved drug in West Germany for the treatment of mercury
intoxication. With the increasing need for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important addition to
the physician's armamentarium.

The present paper summarizes experiments in this laboratory dealmg with
the experimental use of DMPS and DMSA in the treatment of poisonings of
the following kinds: sodium arsenite in mice, lewisite in rabbits and cadmium

‘oride in mice. In addition, a summary of some of the important properties
vl DMPS and DMSA that has been retrieved from the Soviet literature will be
discussed.

MATERIALS AND METHODS

Animals. Male mice of the Swiss CDI strain (randombred Albino) were
used in most of the experiments unless otherwise noted. At the time they were
used in the experiments, they weighed approximately 25-30 g. Their source of
purchase, their food and conditions for maintaining them have been described
previously (16, 20).

Chemicals. DMPS in the form of its Na salt was a gift of Heyl & Co., Berlin.
Since each molecule of NaDMPS has a molecule of H,0 associated with it, a
molecular weight of 228.2 was used in mol calculations. DMSA used for the
rabbit studies was pharmaceutical grade and a gift of Johnson and Johnson.
The.sourcc of the other compounds have been described elsewhere (16, 20).

Biological studies. The assay of agents that bind and/or mobilize heavy
metals can be based on a number of different measurable responses. The basis
of one type of assay is the prevention or reversal of the lethal or toxic effects of
the particular heavy metal. A second assay is based on the increased excretion
of the metal by the putative metal binding agent. There is, however, increasing
evidence that supports still another mechanism. Namely, a metal binding
agent sometimes forms an insoluble metabolically-inert complex with the
metal. The complex, because of its insolubility, is not excreted from the body.
lt remains in the cell, metabolically-inert and non-toxic. Therefore, it is

"ssible that some metal binding agent might be life saving without increasing

¢ excretion of the metal. This mechanism. has been proposed to explain the
effectiveness of N-acetyl-pL-penicillamine (21). For these reasons we chose, as

e ——mTT
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the basis of our initial assays in the present work, the prevention of the lethal
action of NaAsQ,. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of ™As.

The concentrations of the NaAsQO, solutions were prepared so thata 25 g
animal would receive 0.050 ml. To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAsQ,, the influence of
the administration, i.p., of that compound on the Lp,, of NaAsO, was
determined by injecting, s.c., various amounts of NaAsQ, dissolved in 0.9%
saline. Solutions of the mercapto compounds were prepared immediately
before use in 0.9% saline, adjusted to pH 5.5 using NaOH and the
concentration adjusted so that a 25 g mouse would receive 0.10 ml. Injections
were made using a 0.25 ml glass syringe with a No. 26 needle of 1/2 inch
length. For oral administration, curved I8 gauge oral feeding needles,
purchased from Popper & Sons, New Hyde Park, N.Y., were used. BAL was
dissolved in peanut oil unless otherwise stated.

Statistical analysis. When appropriate, experimental results were analyzed
using quantal response methodology. A logistic regression model was used to
fit the experimental data and parameters were estimated using the BMDP
program package (22) on a CDC Cyber 175 digital computer. Median
effective dose and corresponding 95% confidence intervals were estimated
following Finney (23).

RESULTS AND DISCUSSION

DMPS or DMSA Protects Mice Against the Lethal Effects of Sodium Arsenite

Mice injected with 0.14 mmols NaAsO,/kg (an approximate LD 100 dose)
and saline, in lieu of mercapto compounds, did not survive (Table 2). The
deaths occurred within 48 hr after arsenic administration. DMPS and DMSA
are potent antidotes (Table 2) when either agent is given intraperitoneally
immediately after NaAsO,. However, two other well-known and clinically
useful chelating agents, p-penicillamine and N-acetyl-pL-penicillamine, do
not protect (Table 2) under these conditions. The results with these two
sulfhydryl compounds are unexpected since there have been two reports of the
usefulness of penicillamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DMSA need be given immediately after NaAsO,. The
administration of either one of the compounds can be delayed at least 2 hr and
stil]l be effective (Table 3).

Of greater importance for any therapeutic or prophylatic potential is that
DMPS or DMSA is effective even when given orally 15 min prior to the
administration of the arsenic compound (Table 4). Under the present
experimental conditions, they are effective as oral prophylactics against
arsenic intoxication.
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TABLE 2. PROTECTION BY DMPS OR DMSA AGAINST
THE LETHAL EFFECTS OF SODIUM ARSENITE (16)

Chelating

agent? Cumulative 2i-day survival

(mmoles. kg) No. surviving; No. started
i.p. %
(Saline)* 0/48 0
0.80 DMPS 32/32 100
0.40 DMPS 12/12 100
0.25 DMPS 24/24 100

0.14 DMPS 21/24 87.5

0.07 DMPS 19,24 79
0.25 BAL 22/24 92
0.14 BAL 2/24 8
0.25 DMSA 24/24 100
0.14 DMSA 20/24 83
0.07 DMSA - - .- 16/24 67
= 0.80 D-Pen 0/12 0
- 1.25 p-Pen 0/12 0
.80 N-Ac-piL-Pen 0/12 0
0.25 N-Ac-pL-Pen 0/12 0

et

*The NaAsO, (0.14 mmoles/kg) was injected s.c. in the right rear leg.

1 The chelating agents were administered i.p. immediately after NaAsO,.

In this and subsequent Tables, the data represent the combined results of a number of separate
experiments. The data were combined to take advantage of the resulting larger number of animals
for the calculation of median doses, the statistical evaluation of data and the more economical use
of publication space. Thus, the reason for the number of animals in some groups differing from
the number in other groups of the same Table is that very often the combined data are the result of
from 2 to 4 scparate experiments in which different numbers of animals were used in cach
experiment. Otherwise, the experiments were performed under identical conditions. None of the
mercapto compounds listed in Tabk 2 are toxic al the doses used and under the conditions of the

present experiments.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE
DELAYED AFTER ARSENIC POISONING (16)

 Dithiol and time Cumulative 21-day survival B¢
afier NaAsO,*
was given No. surviving’/No. started
(Saline) 0/20 0
0.25 DMPS
at 60 min 16,19 84
at 90 min 18/19 95
at 120 min 17/20 85
0.25 DMSA
at 60 min 15,19 ™
at 90 min 19,20 95
at 120 min 11/20 55

*All animals received NaAsO, (0.14 mmoles/ kg) s.c. in the right rear leg. DMPS and DMSA

wvere given i.p. At the stast of the experiment, when NaAsO,

was given, there were 10 animals in

each group. However, in 3 of the experimental groups, oné afiimal died before DMPS or DMSA
was admunistered. Therefore, those groups are listed with 19 instead of the 20 started. .

LT
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TABLE 4. PROPHYLACTIC AND ORAL ACTIVITY OF
DMPS OR DMSA (16)

Thiol Cumuiative 2f-day survival
compound No. surviving No. started
(mmoles, kg)

oral %
Saline 0.28 0
1.0 DMPS* 16,18 89
0.75 DMPS 810 80
0.50 DMPS 1620 80
0.25 DMPS 17,20 85
0.12 DMPS 0:10 0
1.0 DMSA 88 100
0.50 DMSA 10, 10 100
0.25 DMSA 8/10 80
0.12 DMSA 4/10 40

The NaAsO, (0.14 mmoles/kg) was administered s.c. in the right rear leg. DMPS or DMSA
was given orally IS min prior to the NaAsQ,.

*The survival of control animals receiving 1.0 mmoles of DMPS per kg and saline, instead of
NaAsQ,, was 100%.

The experiments summarized in Tables 2 10 4 demonstrate the effectiveness
of DMPS and DMSA in protecting mice against the lethal action of arsenic.
There does not appear to be a great difference between the effectiveness of
these two agents under the present conditions. However, it is clear that D-
penicillamine and N-acetyl-DL-penicillamine are without beneficial properties
against the lethal effects of arsenic under the conditions used in these
experiments. Although to our knowledge, arsenic chelate stability constants
have not been determined for DMPS or DMSA, such constants, as well as the
influence of DMPS in stimulating arsenic excretion, would be valuable in
designing and determining the most effective chelating agent for therapy of
arsenic poisoning.

Meanwhile, the relative effectiveness of a number of metal binding agents,
with particular emphasis on DMPS and DMSA, has been evaluated
quantitatively by determining their activity in changing the Lb, of NaAsQ, in
mice. In addition, the therapeutic index of DMPS and DMSA has been
determined.

DMPS or DMSA increases the LD, of NaAsO,

The LDy, of subcutaneously administered NaAsO, was found to be 0.132
and 0.127 mmol/kg in 2 separate experiments. When the data of the 2
experiments were combined and used to determine the LD, it was found to be
0.129 mmol/kg (Table 5). The curve is remarkably steep, having a slope of
40.76, if the proportion survival vs dose model is used. The animals that did
not survive usually died within 3 days after injection.
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TABLE 5. LDy, OF SODIUM ARSENITE IN THE MOUSE (20)

NaAsO, Exp. | Exp. 2 Summation
(mmol/ kg, s.c.) Dead Dead Dead
Started Started Started
0.08 0/8 — 08
0.09 0/8 — 08
0.10 0/8 0/12 0.2
0.1 0/8 —_ 0/8
0.12 1/8 2/12 32
0.13 3/8 7/12 10,20
0.14 7/8 12/12 1910
0.16 — 12/12 12; 12
LDyy (mmol/kg) 0.1315 0.1274 0.1290
956 Confidence (0.122,0.260) {0.080,0.131) (0.125.0.139)
interval - : -

~ ne way of quantitating the activity of a drug in overcoming the toxicity of
. agent is to determine how much the Lbg of the toxic agent is increased by
giving more of the potential therapeutic drug. That is, the toxicity of the toxic
agent should decrease by giving the therapeutic agent. When 2 i.p. injections
of DMPS (0.80 mmols DMPS/kg/injection) are given, one immediately
following and the other 90 min after the NaAsO,, the LD, of NaAsO, is
increased approximatcly 4.2-fold t0 0.538 mmol/ kg (Table 6). Under the same
conditions, but using DMSA instead of DMPS, the LD, of NaAsQ, is
increased about 4.4-fold to 0.573 mmol/kg (Table 6). The increase wnh
DMSA is only about 5% more than when DMPS is given. Since the LD, of
NaAsO, plus DMPS falls within the confidence interval of the LD, of NaAsQ,
. plus DMSA, it appears that the effect of DMPS and DMSA on the Lb, of
NaAsQ, is essentially the same under these experimental conditions.

Determination of Therapeutic Index

It was also of interest to determine and compare the therapeutic index of
DMPS and DMSA as a measure of their relative potency. The therapeutic
index under these conditions was determined by dividing the Lp,, of the
dimercapto compound by its ED,. The latter value is defined as the amount of
dimercapto compound (mmol, kg) protecting 509 of the animals against the
lethal effects of 0.15 mmol NaAsO,/kg. The latter dose kills 100% of the
animals in this laboratory.

The Lpy, of DMPS, when given i.p., was found to be 5.22 mmols kg (Table
7). This value is comparable to the value of 5.57 mmols/kg obtained by
Kostygov {9)and 5.02 mmols/kg, i.p., in rats, as reported recently by Planas-

“~ hne‘es al. (27). For DMSA, the LDy, is 13.58 mmols/kg (Table 8). It

-npares favorably with 12.1 mmols/kg, i.p., found in mice by Shih-Chun e
al: (ll) ln' hanghu and Pckmg and 14.0 mmols/ kg determined by Matsuda




H. Y. APOSHIAN

TABLE 6. DIMERCAPTO-1-PROPANE SULFONATE OR
MESO-DIMERCAPTOSUCCINIC ACID INCREASES
THE LDy, OF SODIUM ARSENITE® (20)

DMPS DMSA
NaAsO,
{mmol/kg. s.c.)

No. Dead No. Dead

No. Started No. Started
0.35 0/12 2/24
0.40 5:24 8/24
045 0/12 8/36
0.46 2,12 —
0.50 8/24 5/24
0.55 13/24 11/36
0.60 18/24 15/36
0.65 - 10/12
0.70 23/24 : 33/36
0.75 -— 12/12
LDy, (mmol; kg) 0.538 0.573
95% Confidence (0.492, 0.590) (0.443, 0.708)

interval

*DMPS or DMSA, 0.80 mmol, kg, was given, i.p. immediately after and 90 min after NaAsO,.

TABLE 7. LD OF
DIMERCAPTOPROPANESULFONATE IN MICE (20)

DMPS Dead
(mmols/kg, i.p.) Started
33 0/8
40 08
5.0 7/16
5.5 5/8
6.0 7/8
6.6 15/16
7.0 B/8
9.9 8.8
LDy, (mmols/kg) 5.22
95% Confidence (4.35. 5.5
interval

(10) in Japan. An LD, in excess of 16.5 mmols/kg has been reported by
Friedheim and Corvi (12). It is not clear whether this latter higher value is due
to a difference in the mouse strains used or is due to a higher purity of DMSA.
When mice were given NaAsO, (0.15 mmol/kg) s.c. and 10 min later were
treated, i.p., with different amounts of DMPS, the ED,, was found to be 0.066
mmol/kg (Table 9). The Ep,, under these conditions for DMSA was 0.065
mmol/kg. The therapeutic index for DMPS or DMSA under these conditions
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TABLE 8. LDg; OF MESO-DIMERCAPTOSUCCINIC
ACID IN MICE (20)

DMSA Dead
{mmols kg, i.p.) Started
6.0 0/32
12.0 8/32
13.0 6/12
14.0 9/12
16.0 19/24
18.0 17/20
24.0 32/32
LDg, (mmols; kg) 13.58
95% Confidence (11.36, 15.22)
interval

TABLE 9. DETERMINATION OF THE EDyg; AND THERAPEUTIC INDEX
OF 2,3-DIMERCAPTO-1-PROPANE SULFONIC ACID, NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AFTER 0.15 mmols NaAsQ, kg (20)

Dimercapto DMPS DMSA DMPS DMSA

agent + 10 min + 10 min + 35 min + 35 min
(mmol/kg, i.p.) number surviving/number started

0.010 — 0 24 —_ 0,12

0.015 0/36 — 3/36 —

0.030 1/36 5/24 7/36 1,30

0.040 — 6/24 —_ —_

0.045 6/24 — 8/24 —_

0.050 — 10724 — _—

0.060 6/24 13/24 18/24 5:38

0.0675 15/24 — —_ —

0.070 - 912 — .

0.075 21/24 —_ —_ —

v 0.080 — 18:24 — 5,12
0.090 20/24 —_ 15/24 310
0.100 — — —_— 16,28
0.105 31/36 —_ 30,36 —
0.120 35/36 —_ 3436 812
0.125 — 21/24 — 13/17
0.150 — — — 21/30
0.160 — —_ — 68
0.200 —_ —_ — 37 46
0.300 - —_ — 3538

EDyy (mmol/kg) 0.066 0.065 . 0061 0119
— Confidence (0.059- "~ "~ (0.040- T {0.048- (0.071-
T nterval 0072 ' & ! E

Tberlpeutigw" .?"';’i-'s RS e a
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was 79 and 209, respectively. When the DMPS and DMSA was given 35 min
after the NaAsQ,, the therapeutic index was found to be 86 and 115,
respectively. As can be seen under these conditions, DMSA can be considered
to be a more effective agent than DMPS in protecting mice against the lethal
effects of NaAsO, under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsQ,. Neither D-pen nor N-Ac-DL-Pen changes
the LDy, of NaAsO, signficantly at the 95% level of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithiocarbanate, a-mercaptopropionyl-
glycine, pL-N-acetylhomocysteinethiolactone, and monomercaptosuccinic
acid.

TABLE 10. NEITHER D-PENICILLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LDy OF SODIUM ARSENITE (20)

none p-Pen* N-Ac-pL-Pen®

NaAsO, Dead Dead Dead
{mmols kg, s.c.) Started Started Started

0.10 0/12 0/8 08

0.12 2/12 5/8 i/8

0.13 7712 7/8 5/8

0.14 12/12 88 4,8

0.16 12/12 88 8/8

0.20 — 8/8 8’8

LDy, (mmol kg) 0.127 0.119 0.133
95% Confidence (0.080- (0.078- (0.054-
interval 0.131) 0.191) 0.142)

*D-pen or N-Ac-pi-pen (0.80 mmols 'kg) was given, i.p., immediately following and at 90 min
after the meta! binding agent.

DMPS and DMSA Have Anti- Lewisite Activity

The name British Anti-Lewisite is ingrained very firmly in the mind of most
biomedical investigators and physicians. One of the reasons for this is that
most medical students and biomedical graduate students are told, in class, at
one time or another, of the rational discovery and development of this metal
chelating agent as an antidote for lewisite. This almost necessitates that any
compound proposed as a replacement of BAL be shown to have anti-lewisite
activity. Thus, we have tested DMPS and DMSA for their activity in
protecting against the lethal effects of lewisite. The experiments were begun
last March in collaboration with Drs. Brennie Hackley, Millard Mershon and
Mr. Floyd Brinkley at the BioMed Laboratory at Aberdeen.

Lewisite is an arsenic containing CW agents. It is an oily liquid at 20°. It
causes blisters, tissue destruction and blood vessel injury, Systemic poisoning
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leading to death is possible. As a CW agent, it is considered to be a moderately
delayed casualty agent. Its chemical formula is shown in Figure 2.

Since the introduction of British Anti-Lewisite at the beginning of World
War 11, all of the therapy of prophylaxis of lewisite has been aimed at
chelating the arsenic in the molecule and making it biologically unavailable.
This was the basis of Sir Rudolph Peters’ search for British Anti-Lewisite.

In the present experiments, the rabbit is anesthetized and then shaved.
Using a microliter syringe, lewisite (29.7 umols; kg)is injected s.c. The volume
of lewisite injected usually amounted to between 7 and 11 ul, depending on the
weight of the animal. Table |} shows that either DMSA or DM PS will protect
rabbits against the lethal effects of lewisite. Using lewisite alone, none of the 6
animals survived. If the animals received 75 umols DMSA/kg at the times
indicated, all of the animals survived. DMSA protects against the lethal
systemic effects of lewisite. In the second experiment, only [ of 6 animals

= Teceiving lewisite survived; 66% survived when receiving the 75 umols

"DMPS/kg regimen; and 50% of those receiving BAL survived. We do not
wish to imply that the effectiveness of these agents against lewisite is in the
order of DMSA>DMPS >BAL. More data are nceded before relative
cffectiveness can be stated.

cra+-cu—~<g

LEWISITE

Q-CHLOROETHENYL) - ARSONOUS DICH. ORIDE

F1G. 2. Chemica! formula for lewisite.

TABLE ti. DMSA OR DMPS WILL PROTECT RABBITS
AGAINST LETHAL EFFECTS OF LEWISITE

7-day survival

Expt. pmols/kg* survival, start %
1 LEWY — 0/6 0
LEW + 75 DMSA 6.6 100

Hi LEW + — 1.6 17
LEW + 75 DMPS 4,6 66

LEW + 75 BAL 3/6 50

$ Al agents were pvcn s.c. except BAL, which was given Lm, The stated amount of dimercapto
.compounds were given at +1°, +90°, +180°, +360° after Jewisite and a.m. and p.m. on day 2and 3.

129.7 umols lewisite/ kg, Thtsc experiments were petformad in collaboration with Drs. B.
Hackley, M. Mershon and Mr. F. Brinkley.
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The data, however, clearly show that DMSA or DMPS will protect rabbits
against the lethal effects of lewisite. In this respect the compounds can be said
to have Anti-Lewisite activity.

Treatment of Cadmium Toxicity

Cadmium is virtually ubiquitous. It is deposited and accumulates in most
body tissues. Itis found in all environmental compartments (air, soil, food and
water). The study of cadmium biology has been stimulated by the debilitating
osteoporosis of Itai-ltai disease in Japanese adults and the awareness that the
increased use of cadmium in industrial and agricultural processes has greatly
increased the prevalence of cadmium in the environment (28-30). Along with
this, there has been an increased incidence of both acute and chronic cases of
clinically identifiable cadmiosis (31). In the U.S,, although the cadmium
content of the human fetus is about | ug, the body burden increases
approximately 30,000-fold (to about 30 mg) by age 50 years (32).

In experimental acute cadmium poisoning, DTPA or EDTA are marginally
effective (30, 33-37) and dimercaptopropanol is contraindicated (37-39). Itis
astonishing that no accepted dependable effective drugs have become
available for treatment of cadmium intoxication, especially since the
biological effects of cadmium have been studied intensively during the last 20
years. Thus a number of research groups have been involved recently in a
search for an agent to treat cadmium intoxication (18, 30, 41).

I would like to present in a very brief manner some of the unpublished
results of my laboratory group as to attempts to find a therapeutically useful
cadmium binding agent. DMPS protects mice against the lethal action of
cadmium chloride (Tables 12, 13 and 14). Multiple ligand therapy, however,
involving CdCl,, DMPS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones ef al. (18).

In Table 14 are summarized the results with penicillamine and its analogs.
Under the conditions of these experiments neither penicillamine nor any of its
analogs so tested were activé in protecting against cadmium lethality. Recent
work by Yoshida ez al. (40) with peptide fragments of mouse metallothionein
is encouraging and should be extended to test peptide analogs of
metallothionein fragments. Our own results are only a beginning and all
studies with cadmium lethality and its therapy should be followed by kidney
function tests.

Clinical Effectiveness in Man .
Obviously the results of experiments summarized here and elsewhere
warrant the continued investigation of these metal binding agents and their

T H
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TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION
OF CADMIUM CHLORIDE BUT MULTIPLE LIGAND THERAPY
IS INEFFECTIVE
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quz Chelator(s) Cumulative 28-day survival
Grou (mmol/ke) (mmol. ke) No. surviving; No. started
p (i.p.) (i.m) : BiNO.
I 0.06 (saline) 13/56
n 0.06 1.0 DMPS 19:20 95
1 0.06 0.4 DMPS 12,20
v 0.06 0.2 DMPS 6,30 20
v 0.06 0.50 CaNa,EDTA 12,18 67
Vi 0.06 0.10 CaNa,EDTA 8:20 40
v 0.06 0.05 CaN&,EDTA 4/18
vl 0.06 1.0 DMPS &
0.50 CaN&,EDTA 10/10 100
X 0.06 0.40 DMPS &
0.10 CaNs,EDTA 2/12
X 006 0.20 DMPS &
,0.10 CaN&,EDTA 3jn
Xi. 006 0.20 DMPS &
0.05 CaNa,EDTA 30 30
X1l (saline) 1.00 DMPS 9,10 90

*The i.m. injections were given 60 min after the i.p. injection of Cd.

$The onc animal that did not survive in this group died on Day 21. Death appeared to be the

resuht of fighting.

${When saline was given ip. instcad of CdCl, and any of the following were given im.
(mmol/ kg) the survival was 100%: DMPS (0.80) or (0.20); CaNa,EDTA (0.50) or (0.05): DMPS

(1.0) & CaNa,EDTA (0.5); DMPS (0.20) & CaNa,EDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SURVIVAL OF MICE

RECEIVING CADMIUM CHLORIDE (0.06 mmo! kg) 1.P.

Time after CdCl, that
DMPS (1.0 mmol 'kg)*

Cumulative 28-day survival
No. surviving No. started

Group was given orally %
(min)
| . - 116 ]
I +10, + 90, 10/ 16 62
m +10, + 90, 13:15 87
v —, + 90, 10,16 62
The following groups are
controls and received
saline in place of CdCl,
v +10, —, 14/16 88
R L . +10, + 90, 16/16 100
N | ez + 90, 16/16 100

'mnmoumolDMPSpvenueachnme.

ey tlf DMPS was not admtmstered. saline was given in its plaoe




TABLE 14, NEITHER PENICILLLAMINE NOR ITS ANALOGS PROTECT MICE FROM

THE LETHAL EFFECTS OF CADMIUM

CdCl, Thiol compound Min after CdCl, Cumulative
Group (i.p) (oral) that thiol cmpd, 28-day survival 9
(mmol/kg) (mmol/kg)*

1 0.06 +  (saline) —_—— — 2/32 [

1] 0.06 + 1.0 N-Ac-Pen +10, + 90, + 180 1/8 13
] 0.06 + 1.0 N-Ac-Pen +10, + —, + — 0/8 0
13Y (saline) + 1.0 N-Ac-Pen +10, + 90, + 180 8/8 100
\% 0.06 + 1.0 D-Pen +10, + 90, + 180 15/ 16 94
vi 0.06 + 1.0 p-Pen +10, + —, + — 0/8 0
Vil 0.06 + 1.0 D-Pen +10. + 90, + — 1/8 12
VIl {saline) + 1.0 p-Pen +10, + —, + — 8/8 100
1X (saline) + 1.0 p-Pen +10, + 90, + — 7/8 88
X (saline) + 1.0 D-Pen +10, + 90, + 180 7/8 88
X1 0.06 + 1.5 N-Ac-thiolisoleuc +10, + 90, + 180 0/8 0
X 0.06 + 1.0 N-Ac-thiolisoleuc +10, + 90, + 180 316 19
X1it (saline) + 1.5 N-Ac-thiolisoleuc +10, + 90, + 180 6/8 75
X1v 0.06 + 1.0 N-Ac-thiolisoleuc +10, + —, + — 6/8 75
XV (saline) + 1.0 B-thiolisoleuc +10, + —, + — 3/8 ki
XVi (saline) + L0 B-thiolisoleuc +10, + —, + = 9/9 100

*Amount given at each stipulated time.
$These resuits are the sum of 4 separate experiments.
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clinical use in the treatment of heavy metal poisoning. There have been recent
reports that confirm their effectiveness in human therapy. DMSA was found
to be useful in the treatment of a 46 year-old man who ingested 2000 mg of
arsenic in a suicide attempt (42). Treatment with 300 mg DMSA every 6 hr
p.o. for 3 days caused an increase in the urinary excretion of arsenic with
eventual recovery. DMPS has also been effective in humau arsenic poisoning
(Wager, personal communication). Friedheim er al, (43) in an extension of
experiments with experimental animals have reported the effectiveness of
DMSA in treating lead poisoning and that it increases the urinary excretion of
lead in smelter workers. DMSA was well tolerated and no signs of toxicity
were evident. The usefulness of DMPS in the Iraqi mercury disaster has been

s~- TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE

By

. l,:,,'s‘q DY ST VTIPS

"itx INFORMATION ABOUT AND PHARMACOLOGICAL PROPERTIES
OF DMPS ANDDMSA i ... . . .

2.3-Dimercaptopropanc-1-sulfonate,
Na salt (DMPS, unithiol, dimaval)

Meso-2,3-dimercaptosuccinic acid
(DMSA, Succimer)

Synthesized in 1950-51 at the Ukranian
Res. inst. for Health-Chemistry by
Petrunkin. Published in 1956 (4).

Friedheim, 1954, used Sb-DMSA to
increase Sb uptake in schistosomiasis
therapy (5). (Intensively studied by
mainiand Chinese, 1959, for therapy of
occupational metal poisoning (11).
Primary Soviet investigator since 1965
has been Okonishnikova (50).

2. Crystalline powder, readily solubk in 2. Crysualline powder. Must be brought to
water. Very stable during sterilization pH 5-5.5 before completely soluble in
and long-term storage. water. Stability during sterilization and

long term storage unknown.

3. Low toxicity, well tolerated even for 3. Toxicity is about 2.5 times less than
chronic use, but DMSA is less toxic (20). DMPS (20).

4. Major toxic effect of high dose is 4. Major toxic elTect of high dose unknown
hypotension (6, 8). at present.

5.y Distributed in extracellular space, 5. Distribution in body compartments
exclusively (14). Excretion is urinary and unknown at present.
rapid (I4). Metabolic involvement
supposedly noaec.

6. Effective antidote for As, Hg. Sb, Ag, 6. Effective antidote for As, Pb, Hg. Zn (16,
Au, Cu, Cr, Pb, Po, Co, (6, 7, 16, 20, 20, 50-54)

45-49)

7. Urinary excretion of Cuand Zn. Increase 7. Urinary excretion of Co, Fe, Mn, Cu, or
Fe, Co, Mn or Ni excretion, none or Zn. none or minimal (43).
minimal (55).

8. Increase bile flow. 8. Effect on bile flow unknown.

9. Therapeutic dosc about 250 mg for 9. Therupeutic dose from 0 S to 2 g for

A 7°kg mn_ oo LR u ,f 31} -»1,‘ e P .
: 5. % Can be given by mouth, 8.6 1p. u\a,f
v. Only 30-40% of oral dose absorbed <& ‘
T rom gl trad® ¢ 7O 0 K “"m~ "i\mrbed from‘;i. tract,
UG . ﬂiwi, # ih‘~-\-‘v R
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documented recently (44). In fact DMPS,as DIMAVAL  isanapproved drug
in West Germany for the treatment of mercury poisoning.

There are many reports in the Soviet literature dealing with DMPS and
DMSA both in experimental conditions or for human therapy. Some of them
are cited in the summary of the properties of these two very important metal
binding agents listed in Table 15. Obviously, these two water soluble analogs
of BAL that are advantageous as to overall effectiveness and low toxicity can
be expected to replace virtually all the therapeutic uses of British Anti-
Lewisite.

SUMMARY

Water soluble analogs of British Anti-Lewisite that are active orally and less
toxic than BAL are now available. These agents are 2,3-dimercapto-I-
propanesulfonic acid and meso-dimercaptosuccinic acid. Evidence for their
cffectiveness in preventing the lethal effects of sodium arsenite in mice and
lewisite in rabbits is presented. These analogs can be expected to replace BAL
in the treatment of heavy metal poisoning.
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BIOLOGICAL CHELATION: 2,3-
DIMERCAPTO-
PROPANESULFONIC ACID AND
MESO-DIMERCAPTOSUCCINIC
ACID

H. VASKEN APOSHIAN

Department of Cellular and Developmental Biology.,
University of Arizona, Tucson, AZ 85721

'_,..\ INTRODUCTION

. 1946, summaries of the results of experiments dealing with a new metal
binding agent appeared in the biomedical literature. The agent became known
as British Anti-Lewisite or BAL. In the U.S. it was given the generic name of
dimercaprol. Its importance initially was its effectiveness in treating exposure
to the arsenic-containing chemical warfare agent, lewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals. It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

In subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced (1). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example b-penicillamine is
used to increase the excretion of copper in Wilson's disease (2) and N-acetyl-
DL-penicillamine to treat mercury intoxication (3). The exception has been in
the treatment of arsenic poisoning. Since the late 1940s, BAL has remained
the drug of choice in the U.S. for treating arsenic poisoning (1). BAL, *
however, is far from the ideal drug. Some of its limitations are listed in Table
1.

In the mid-1950s, the chelating properties of two new agents, the sodium
salt of 2,3-dimercapto-l-propanesulfonic acid (DMPS) and meso-dimercap-
tosuccinic acild (DMSA) were reported (4, 5). These compounds are water
soluble analogs of BAL whose structures are shown in Figure 1. The synthesis
and some of the metal binding properties of DMPS were reported in 1956 by }

~:trunkin (4). DMPS is an official drug of the Soviet Union where it is known
Unithiol. The use of DMSA to increase the uptake of antimony during
schistosomiasis therapy was reported by Friedheim er a/, (5) in 1954. For the
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TABLE |. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

High toxicity

Low therapeutic index

. Unpleasant side effects

. Limited water solubility

. Instability in aqueous solution
. Must be given by injection

VAW —

WATER SOLUBLE AND ORALLY ACTIVE

ANALOGS OF BRITISH ANTILEWISITE

M
(BRITISH ANTILEWISITE)
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FIG. 1. Water soluble and orally active analogs of British Anti-Lewisite.

next 20 years, many reports about the usefulness of these two dimercapto
compounds appeared in the biomedical literature of the Soviet Union and
mainland China. A few examples of these are cited (6-11). During this time.
studies of these compounds by western investigators appear to be virtually
nonexistent. (For example, it was not until 1975 that Friedheim and Corvi
(12) reported the effectiveness of DMSA in treating mercury poisoning and it
was not until 1976 that Gabard (13) reported the use of DMPS in mercury
chelation therapy). The reasons for the paucity of earlier studies in the Wes!
may be that the synthesis of DMPS is very difficult and its export from the
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficuit, the main reason for a lack of investigative studies
in the West appears to be that interest in and funds for chelation research were
very limited. DMSA is called Succimer in the Soviet literature.

In about 1978, Heyl & Co., Berlin, succeeded in synthesizing and producing
DMPS. This recent availability has encouraged investigators in West
Germany, Norway and the U.S. to “rediscover” and study the drug with
renewed interest (13-19). DMPS is marketed by Heyl & Co., as Dimaval. It is
an approved drug in West Germany for the treatment of mercury
intoxication. With the increasing need for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important additionto
the physician’s armamentarium.

The present paper summarizes experiments in this laboratory dcahng with
the experimental use of DMPS and DMSA in the treatment of poisonings of
the following kinds: sodium arsenite in mice, lewisite in rabbits and cadmium
==—'oride in mice. In addition, a summary of some of the important properties

JDMPS and DMSA that has been retrieved from the Soviet literature will be
discussed.

MATERIALS AND METHODS

Animals. Male mice of the Swiss CD! strain (randombred Albino) were
used in most of the experiments unless otherwise noted. At the time they were
used in the experiments, they weighed approximately 25-30 g. Their source of
purchase, their food and conditions for maintaining them have been described
previously (16, 20).

Chemicals. DMPS in the form of its Na salt was a gift of Heyl & Co., Berlin.
Since each molecule of NaDMPS has a molecule of H,0 associated with it, a
molecular weight of 228.2 was used in mol calculations. DMSA used for the
rabbit studies was pharmaceutical grade and a gift of Johnson and Johnson.
The source of the other compounds have been described elsewhere (16, 20).

Btologtcal studies. The assay of agents that bind and/or mobilize heavy
metals can be based on a number of different measurable responses. The basis
of one type of assay is the prevention or reversal of the lethal or toxic effects of
the particular heavy metal. A second assay is based on the increased excretion
of the metal by the putative metal binding agent. There is, however, increasing
evidence that supports still another mechanism. Namely, a metal binding
agent sometimes forms an inscluble metabolically-inert complex with the
metal. The complex, because of its insolubility, is not excreted from the body.
It remains in the cell, metabolically-inert and non-toxic. Therefore, it is

_—.ssible that some metal binding agent might be life saving without increasing

excretion of the metal. This mechanism has been proposed to explain the
«.tectiveness of N-acetyl-pL-penicillamine (21). For these reasons we chose, as
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the basis of our initial assays in the present work, the prevention of the lethal
action of NaAsQ,. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of *As.

The concentrations of the NaAsQO, solutions were prepared so thata 25 g
animal would receive 0.050 ml. To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAsO,, the influence of
the administration, i.p., of that compound on the by, of NaAsO, was
determined by injecting, s.c., various amounts of NaAsQ, dissolved in 0.9%
saline. Solutions of the mercapto compounds were prepared immediately
before use in 0.9% saline, adjusted to pH 5.5 using NaOH and the
concentration adjusted so that a 25 g mouse would receive 0.10 ml. Injections
were made using a 0.25 ml glass syringe with a No. 26 needle of 1/2 inch
length. For oral administration, curved 18 gauge oral feeding needles,
purchased from Popper & Sons, New Hyde Park, N.Y., were used. BAL was
dissolved in peanut oil unless otherwise stated.

Siatistical analysis. When appropriate, experimental results were analyzed
using quantal response methodology. A logistic regression model was used to
fit the experimental data and parameters were estimated using the BMDP
program package (22) on a CDC Cyber 175 digital computer. Median
effective dose and corresponding 95% confidence intervals were estimated
following Finney (23).

RESULTS AND DISCUSSION

DMPS or DMSA Protects Mice Against the Lethal Effects of Sodium Arsenite

Mice injected with 0.14 mmols NaAsO,/kg (an approximate LD 100 dose)
and saline, in lieu of mercapto compounds, did not survive (Table 2). The
deaths occurred within 48 hr after arsenic administration. DMPS and DMSA
are potent antidotes (Table 2) when either agent is given intraperitoneally
immediately after NaAsO,. However, two other well-known and clinically
useful chelating agents, p-penicillamine and N-acetyl-pL-penicillamine, do
not protect (Table 2) under these conditions. The results with these two
sulfhydryl compounds are unexpected since there have been two reports of the
usefulness of penicillamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DMSA need be given immediately after NaAsO,. The
administration of either one of the compounds can be delayed at least 2 hr and
still be effective (Table 3).

Of greater importance for any therapeutic or prophylatic potential is that
DMPS or DMSA is effective even when given orally 15 min prior to the
administration of the arsenic compound (Table 4). Under the present
experimental conditions, they are effective as oral prophylactics against
arsenic intoxication.
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TABLE 2. PROTECTION BY DMPS OR DMSA AGAINST
THE LETHAL EFFECTS OF SODIUM ARSENITE (16)

Chelating

agent* Cumulative 2i-day survival

(mmoles kg) No. surviving, No. started
Lp. %
(Saline)* 0/48 0
0.80 DMPS 32/32 100
0.40 DMPS 12,12 100
0.25 DMPS 24,24 100

0.14 DMPS 21,24 875

0.0? DMPS 19,24 79
0.25 BAL 22/24 92
0.14 BAL 224 8
0.25 DMSA 2424 100
0.14 DMSA 20/24 83
0.07 DMSA 16/24 67
0.80 p-Pen 0/12 0
= 25 p-Pen 0/12 0
- 80 N-Ac-pi-Pen 0/12 0
.25 N-Ac-pL-Pen 0/12 0

*The NaAsO, (0.14 mmoles/kg) was injected s.c. in the nght rear leg.

1 The chelating agents were administered i.p. immediately after NaAsO,.

In this and subsequent Tables, the data represent the combined results of a number of separate
experiments. The data were combined to take advantage of the resulting larger number of animak
for the calculation of median doses, the statistical evaluation of data and the more economical use
of publication space. Thus, the reason for the number of animals in some groups differing from
the number in other groups of the same Table is that very often the combined data are the result of
from 2 10 4 separate experiments in which different numbers of animals were used in each
experiment, Otherwise, the experiments were performed under identical conditions. None of the
mercapto compounds listed in Tabk 2 are toxic at the doses used and under the conditions of the
present experiments.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE
DELAYED AFTER ARSENIC POISONING (16}

Dithiol and time Cumulative 21-day survival %,
after NaAsQ,*
was given No. surviving’No. started
(Saline) 0,20 0
0.25 DMPS
at 60 min 16, 19 84
at 90 min 18,19 95
at 120 min 17.20 85
0.25 DMSA
at 60 min 1519 79
at 90 min 19.20 95
at 120 min 11720 55

*All animabs received NaAsQ, (0. 14 mmoles/kg) s.c. in the right rear ieg. DMPS and DMSA
#7™-yere given L.p. At the start of the experiment, when NaAsO, was given, there were 10 animals in
ach group. However, in 3 of the experimental groups, one animal died before DMPS or DMSA

was administered. Therefore, those groups are listed with 19 instead of the 20 started.

L e
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TABLE 4. PROPHYLACTIC AND ORAL ACTIVITY OF
DMPS OR DMSA (16)

Thiol Cumulative 2[-dayv survival
compound No. surviving No. started
{mmoles kg)
oral %
Saline 0 28 0
1.0 DMPS* 1618 89
0.75 DMPS B 10 80
0.50 DMPS 16 20 80
0.25 DMPS 17 20 85
0.12 DMPS 010 0
1.0 DMSA 88 100
0.50 DMSA 10, 10 100
0.25 DMSA 8,10 80
0.12 DMSA 4/10 40

The NaAsO, (0.14 mmoles/kg) was administered s.c. in the right rear leg. DMPS or DMSA
was given orally 15 min prior to the NaAsQ,.
*The survival of control animals receiving 1.0 mmoles of DM PS per kg and saline, instead of

NaAsQ,, was 100%.

The experiments summarized in Tables 2 to 4 demonstrate the effectiveness
of DMPS and DMSA in protecting mice against the lethal action of arsenic.
There does not appear to be a great difference between the effectiveness of
these two agents under the present conditions. However, it is clear that D-
penicillamine and N-acetvl-pL-penicillamine are without beneficial properties
against the lethal effects of arsenic under the conditions used in these
experiments. Although to our knowledge, arsenic chelate stability constants
have not been determined for DMPS or DMSA | such constants. as wellas the
influence of DMPS in stimulating arsenic excretion, would be valuable in
designing and determining the most effective chelating agent for therapy of
arsenic poisoning.

Meanwhile, the relative effectiveness of a number of metal binding agents,
with particular emphasis on DMPS and DMSA, has been evaluated
quantitatively by determining their activity in changing the Lb, of NaAsO. in
mice. In addition, the therapeutic index of DMPS and DMSA has been
determined.

DMPS or DMSA increases the LDy, of NaAsQ,

The Lpy, of subcutaneously administered NaAsO, was found to be 0.132
and 0.127 mmol kg in 2 separate experiments. When the data of the 2
experiments were combined and used to determine the LDy, it was found to be
0.129 mmol/ kg (Table 5). The curve is remarkably steep, having a slope of
40.76, if the proportion survival vs dose model is used. The animals that did
not survive usually died within 3 days after injection.
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TABLE 5. LDy, OF SODIUM ARSENITE IN THE MOUSE (20

NaAsO, Exp. 1 Exp. 2 Summation
(mmol; kg, s.c.) Dead Dead Dead
Started Started Started
0.08 0/8 — 08
0.09 08 — 08
0.10 0'8 0,12 0,20
0.1) 0/8 —_ 0:8
0.12 /8 212 32
0.1} 8 7/12 10.20
0.14 7/8 12/12 1910
0.16 —_ 12/12 12:12
LDy (mmol/kg) 0.1315 0.1274 0.1290
95% Confidence (0.122,0.260) (0.080,0.131) (0.125.0.139)
interval

~~Dne way of quantitating the activity of a drug in overcoming the toxicity of

i agent is to determine how much the LDy of the toxic agent is increased by
giving more of the potential therapeutic drug. That is, the toxicity of the toxic
agent should decrease by giving the therapeutic agent. When 2 i.p. injections
of DMPS (0.80 mmois DMPS/kg/injection) are given, one immediately
following and the other 90 min after the NaAsO,, the LDy, of NaAsO, is
increased approximately 4.2-fold to 0.538 mmol/ kg (Table 6). Under the same
conditions, but using DMSA instead of DMPS, the Lby of NaAsQ, is
increased about 4.4-fold to 0.573 mmol/kg (Table 6). The increase with
DMSA is only about 5% more than when DMPS is given. Since the LDy of
NaAsO, plus DMPS falls within the confidence interval of the Lb, of NaAsO,

. plus DMSA, it appears that the effect of DMPS and DMSA on the LD, of
NaAsQ, is essentially the same under these experimental conditions.

Determination of Therapeutic Index
It was also of interest to determine and compare the therapeutic index of
DMPS and DMSA as a measure of their relative potency. The therapeutic
index under these conditions was determined by dividing the LD, of the
dimercapto compound by its ED,. The latter value is defined as the amount of
dimercapto compound (mmol, kg) protecting 50% of the animals against the
lethal effects of 0.15 mmol NaAsO,/kg. The latter dose kills 100% of the
animals in this laboratory.
The LD, of DMPS, when giveni.p., was found to be 5.22 mmols kg(Table
7). This value is comparable to the value of 5.57 mmols/kg obtained by
Kostygov (9) and 5.02 mmols/kg, i.p., in rats, as reported recently by Planas-
- _hne'et al. (27). For DMSA, the LDy is 13.58 mmols/kg (Table 8). It
© apares favorably with 12.1 mmols/kg, i.p., found in mice by Shih-Chun e
«t: (11) in Shanghai and Peking and 14.0 mmols/ kg determined by Matsuda

AERN - K
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TABLE 6. DIMERCAPTO-1-PROPANE SULFONATE OR
MESO-DIMERCAPTOSUCCINIC ACID INCREASES
THE LDy, OF SODIUM ARSENITE* (20)

DMPS DMSA
NaAsO,
{mmol/kg. 5.c.)

No. Dead No. Dead

No. Started No. Started
0.35 0,12 2/24
0.40 5/24 8,24
0.45 0,12 8/36
0.46 2;12 —
0.50 8/24 5:24
0.55 13/24 1,36
0.60 18/24 15/36
0.65 — 10/12
0.70 23/24 33/36
0.75 — 12/12
LDg, (mmol, kg) 0.538 0.573
95% Confidence (0.492, 0.590) (0.443, 0.708)

interval

*DMPS or DMSA, 0.80 mmol kg, was given, i.p. immediately after and 90 min after NaAsO,.

TABLE 7. LD, OF
DIMERCAPTOPROPANESULFONATE IN MICE (20)

DMPS Dead

{mmols kg, i.p.) Started
33 0/8
4.0 08
5.0 7/16
55 5'8
6.0 78
6.6 1516
1.0 88
9.9 8 8

LDy, (mmols ‘kg) 5.22

955 Confidence (4.35. 5.51)
interval

(10) in Japan. An LDy in excess of 16.5 mmols /kg has been reported by
Friedheim and Corvi (12). It is not clear whether this latter higher value is due
to a difference in the mouse strains used or is due to a higher purity of DMSA.
When mice were given NaAsO, (0.15 mmol/kg) s.c. and 10 min later were
treated, i.p., with different amounts of DMPS, the ep,, was found to be 0.066
mmol/kg (Table 9). The epy, under these conditions for DMSA was 0.065
mmol/kg. The therapeutic index for DMPS or DMSA under these conditions




TABLE 9. DETERMINATION OF THE EDy; AND THERAPEUTIC INDEX
OF 2.3-DIMERCAPTO-1-PROPANE SULFONIC ACID, NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 15 MIN

WATER SOLUBLE ANALOGS OF BAL

TABLE 8. LDy, OF MESO-DIMERCAPTOSUCCINIC
ACID IN MICE (20)

DMSA Dead
(mmols kg, 1.p.) Started
6.0 0/32
12.0 8/32
13.0 6/12
14.0 9/12
16.0 19,24
18.0 17720
24.0 32/32
LDg; (mmols 'kg) 13.58
95% Confidence (11.36, 15.22)
interval

AFTER 0.15 mmols NaAsO, kg (20)

Dimercapto
agent

DMPS
+ 10 min

DMPS
+ 35 min

{mmol’kg, i.p.}

0.010
0.015
0.030
0.040
0.045
0.050
0.060

0.0675

0.070
0.075
0.080
0.090
0.100
0.105
0.120
0.125
0.150
0.160
0.200
0.300

0,36
1/36
6/24
6/24
15:24
21/24
20/24
31736
35/36

number surviving, number started

3/36
7/36

824

REREE
»

EDy, (mmol/kg)
Confidence

., interval

index ’
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was 79 and 209, respectively. When the DMPS and DMSA was given 35 min
alter the NaAsQ,, the therapeutic index was found to be 86 and 1185,
respectively. As can be seen under these conditions, DMSA can be considered
to be a more effective agent than DMPS in protecting mice against the lethal
effects of NaAsO, under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsQ,. Neither b-pen nor N-Ac-DL-Pen changes
the LDy, of NaAsO, signficantly at the 959 level of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithiocarbanate, a-mercaptopropionyl-
glycine, pL-N-acetylhomocysteinethiolactone, and monomercaptosuccinic
acid.

TABLE 10. NEITHER D-PENICILLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LDy, OF SODIUM ARSENITE (20)

none p-Pen® N-Ac-pL-Pen®
NaAsO, Dead Dead Dead
(mmols kg, s.c.) Started Started Started
0.10 0/12 0,8 0'8
0.12 2; 12 58 1/8
013 7/12 7/8 58
0.14 12/12 8:8 4.8
0.16 12/12 88 8,8
0.20 — 88 88
LDg, (mmol kg) 0.127 Q.119 0.133
95% Confidence (0.080- (0.078- (0.054-
intenval 0.131) 0.191) 0.142)

*p-pen or N-Ac-pL-pen (0.80 mmols, kg) was given, i.p.. immediately (ollowing and at 90 min
after the metal binding agent.

DMPS and DMSA Have Anti- Lewisite Activity

The name British Anti-Lewisite is ingrained very firmly in the mind of most
biomedical investigators and physicians. One of the reasons for this is that
most medical students and biomedical graduate students are told, in class, at
one time or another, of the rational discovery and development of this metal
chelating agent as an antidote for lewisite. This almost necessitates that any
compound proposed as a replacement of BAL be shown to have anti-lewisite
activity. Thus, we have tested DMPS and DMSA for their activity in
protecting against the lethal effects of lewisite. The experiments were begun
last March in collaboration with Drs. Brennie Hackley, Millard Mershon and
Mr. Floyd Brinkley at the BioMed Laboratory at Aberdeen.

Lewisite is an arsenic containing CW agents. It is an oily liquid at 20°. It
causes blisters, tissue destruction and blood vessel injury. Systemic poisoning
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leading to death is possible. Asa CW agent, it is considered to be a moderately
delayed casualty agent. Its chemical formula is shown in Figure 2.

Since the introduction of British Anti-Lewisite at the beginning of World
War 11, all of the therapy of prophylaxis of lewisite has been aimed at
chelating the arsenic in the molecule and making it biologically unavailable.
This was the basis of Sir Rudolph Peters’ search for British Anti-Lewisite.

In the present experiments, the rabbit is anesthetized and then shaved.
Using a microliter syringe, lewisite (29.7 umols ' kg) is injected s.c. The volume
of lewisite injected usually amounted to between 7and |1 ul, depending on the
weight of the animal. Table 11 shows that either DMSA or DMPS will protect
rabbits against the lethal effects of lewisite. Using lewisite alone, none of the 6
animals survived. If the animals received 75 umols DMSA/kg at the times
indicated, all of the animals survived. DMSA protects against the lethal
systemic effects of lewisite. In the second experiment, only 1 of 6 animals

.. receiving lewisite survived; 66% survived when receiving the 75 umols
~~DMPS/kg regimen; and 50% of those receiving BAL survived. We do not

wish to imply that the effectiveness of these agents against lewisite is in the
order of DMSA>DMPS>BAL. More data are needed before relative

cffectiveness can be stated.
OO GrAC

LEWMISITE

O-CHLORCETHENYL) - ARSONOUS DICHL ORIDE

F1G. 2. Chemical formula for lewisite.

TABLE 11. DMSA OR DMPS WILL PROTECT RABBITS
AGAINST LETHAL EFFECTS OF LEWISITE

7-day survival

Expt. umols ' kg* survival, stan %
I LEWY — 0.6 0
LEW + 75 DMSA 66 100

1 LEW + — 16 17
LEW + 75 DMPS 4.6 66

LEW + 75 BAL 3/6 50

*All agents were given s.c. excepl BAL, which was given im. The stated amount of dimercapto

129.7 umols lewisite/ kg These cxperiments were performed in collaboration with Drs. B.
Hackley, M. Mershon and Mr. F. Brinkiey.
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The data, however, clearly show that DMSA or DMPS will protect rabbits
against the lethal effects of lewisite. In this respect the compounds can be said
to have Anti-Lewisite activity.

Treatment of Cadmium Toxicity

Cadmium is virtually ubiquitous. It is deposited and accumulates in most
body tissues. It is found in all environmental compartments (air, soil, food and
water). The study of cadmium biology has been stimulated by the debilitating
osteoporosis of Itai-Itai disease in Japanese adults and the awareness that the
increased use of cadmium in industrial and agricultural processes has greatly
increased the prevalence of cadmium in the environment (28-30). Along with
this, there has been an increased incidence of both acute and chronic cases of
clinically identifiable cadmiosis (31). In the U.S., although the cadmium
content of the human fetus is about ! ug, the body burden increases
approximately 30,000-fold (to about 30 mg) by age 50 years (32).

In experimental acute cadmiuvm poisoning, DTPA or EDTA are marginally
effective (30, 33-37) and dimercaptopropanol is contraindicated (37-39). Itis
astonishing that no accepted dependable cffective drugs have become
available for treatment of cadmium intoxication, especially since the
biological effects of cadmium have been studied intensively during the last 20
years. Thus a number of research groups have been involved recently in a
search for an agent to treat cadmium intoxication (18, 30, 41).

I would like to present in a very brief manner some of the unpublished
results of my laboratory group as to attempts to find a therapeutically useful
cadmium binding agent. DMPS protects mice against the lethal action of
cadmium chloride (Tables 12, 13 and 14). Multiple ligand therapy, however,
involving CdCl,, DMPS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones er al. (18).

In Table 14 are summarized the results with penicillamine and its analogs.
Under the conditions of these experiments neither penicillamine nor any of its
analogs so tested were activé in protecting against cadmium lethality. Recent
work by Yoshida et al. (40) with peptide fragments of mouse metallothionein
15 encouraging and should be extended to test peptide analogs of
metallothionein fragments. Our own results are only a beginning and all
sturdies with cadmium lethality and its therapy should be followed by kidney
function tests.

Clinical Effectiveness in Man .
Obviously the results of experiments summarized here and elsewhere
warrant the continued investigation of these metal binding agents and their




TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION
OF CADMIUM CHLORIDE BUT MULTIPLE LIGAND THERAPY
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CdCl, Chelatort(s) . ] N
Group (1) mmol kg Qe i il
P (ip.) (i.m.) ; g No.
i 0.06 + (saline) 13.56 23
1 0.06 + 1.0 DMPS 1920 95
m 0.06 + 0.4 DMPS 12,20 60
v 0.06 + 0.2 DMPS 6,30 20
v 0.06 + 0.50 CaNs,EDTA 12,18 67
vi 0.06 + 0.10 CaNs,EDTA 820 40
vii 0.06 + 0.05 CaNa,EDTA 4:18 22
vil 0.06 + 1.0 DMPS &
0.50 CaNa,EDTA 10,10 100
IX 0.06 + 0.40 DMPS &
0.10 CaNa,EDTA 2/12 17
X 0.06 + 0.20 DMPS &
- 0.10 CaNa,EDTA 3/12 25
X1 0.06 + 0.20 DMPS &
0.05 CaNa,EDTA 310 30
Xl (saline) + 1.00 DMPS 9,10 90

*The i.m. injections were given 60 min after the i.p. injection of Cd.

1The onc animal that did not survive in this group died or. Day 21. Death appeared to be the

result of fighting.

{When saline was given ip. instcad of CdCl, and any of the following were given i.m.
(mmol, kg) the survival was 100%: DMPS (0.80) or (0.20); CaNa, EDTA (0.50) or (0.05):. DMPS

(1.0) & CaNa,EDTA (0.5): DMPS (0.20) & CaNa,EDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SURVIVAL OF MICE
RECEIVING CADMIUM CHLORIDE (0.06 mmol kg) 1 P.

Time after CdCl, that
DMPS (1.0 mmol 'kg)*

Cumulative 28-day survival
No. surviving No. started

Group was given orally %
(min)
I -t - 116 6
n +10, + 90, 1016 62
11 +10, + 90, 13 15 87
v —, + 90, 10 16 62
The following groups are
controls and received
saline in place of CdCl,
v +10, —, 14/16 88
Vi +10, + 90, I6: 16 100
LWV -, + 90, 16/16 100

*The amount of DMPS given at each time.

«.. 1M DMPS was nol administered, saline was given in its place.

e




TABLE 14, NFITHER PENICILLAMINE NOR {TS ANALOGS PROTECT MICE FROM

THE LETHAL EFFECTS OF CADMIUM

CdCl, Thiol compound Min after CdCl, Cumulative
Group (i.p.) (oral) that thiol cmpd, 28-day survival %
(mmol/kg) (mmol/kg)*

I 0.06 +  (salinc) —_ - = 2/32 6

11 0.06 + 1.0 N-Ac-Pen +10. + 90, + (80 /8 13
I 0.06 + 1.0 N-Ac-Pen +10. + —, + — 0/R 0
v (saline) 4+ 1.0 N-Ac-Pen +10, + 90, + 180 RB/8 100
v 0.06 + 1.0 p-Pen +10, + 90, + 180 15/16 94
vi 0.06 + 1.0 D-Pen +10, 4+ —, + — O/% 0
Vil 0.06 + 1.0 D-Pen +10, + 90, + -~ 18 12
Vil {saline) + 1.0 p-Pen +10, + —, + — 8/8 100
1X (saline) + 1.0 p-Pen +10. + 90, + ~— 7/8 88
X (saline) + 1.0 p-Pen +10, + 90, + (80 78 88
X1 0.06 + 1.5 N-Ac-thiolisoleuc +10, + 90, + 180 0/R 0
XH 0.06 + L0 N-Ac-thiolisoleuc +10. + 90, + 180 316 19
Xl (saline) + 1.5 N.Ac-thiolisoleuc +10. + 90, + 180 6/8 75
XV 0.06 + 1.0 N-Ac-thiolisoleuc +10, + —, + — 6/8 75
Xv (saline) + 1.0 B-thiolisoleuc F10, 5 —, + ~— /8 R
XVi (saline) + 1.0 B-thiolisoleuc +10, + — + — 9/9 100

*Amount given at each stipulated time.
tThese results are the sum of 4 separate experiments.
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clinical use in the treatment of heavy metal poisoning. There have been recent
reports that confirm their effectiveness in human therapy. DMSA was found
to be useful in the treatment of a 46 year-old man who ingested 2000 mg of
arsenic in a suicide attempt (42). Treatment with 300 mg DMSA every 6 hr
p.o. for 3 days caused an increase in the urinary excretion of arsenic with
eventual recovery. DMPS has also been effective in human arsenic poisoning
(Wager, personal communication). Friedheim er al, (43) in an extension of
experiments with experimental animals have reported the cfiectiveness of
DMSA in treating lead poisoning and that it increases the urinary excretion of
lead in smelter workers. DMSA was well tolerated and no signs of toxicity
were evident. The usefulness of DMPS in the Iraqi mercury disaster has been

i~ TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE
i:x INFORMATION ABOUT AND PHARMACOLOGICAL PROPERTIES

te A nbae e oot OF DMPS AND DMSA ; ... . .
~3-Dimercaptopropane-1-suffonate, Meso—Z.J-dimemplosnccinic acd
Na salt (DMPS, unithiol, dimaval) {(DMSA, Succimer)

[. Synthesized in 1950-51 at the Ukranian i.

Res. Inst. for Health-Chemistry by
Petrunkin. Published in 1956 (4).

Crystalline powder, readily soluble in
water. Very stable during sterilization
and long-term storage.

Low toxicity, well tolerated even for
chronic use, but DMSA is less toxic (20).
Major toxic effect of high dose is
hypotension (6, 8).

Distributed in extracellular space,
exclusively (14). Excretion is urinary and
rapid (14). Metabolic involvement
supposedly none.

Effective antidote for As, Hg. Sb, Ag,
Au, Cu, Cr, Pb. Po, Co, (6, 7, 16, 20,
45-49)

Uninary excretion of Cu and Zn. Increase
Fe. Co, Mn or Ni excretion, none or
minimal (55).

Increase bile flow.

Therapeutic dose about 250 mg for
Mkg o - T

~ 9.t Canbcpvcnbymomh s.c..i.p im

Ly, Only30—40%ofornl dose absorbed
“ronm i, tract. A A

dd T R

Friedheim, 1954, used Sb-DMSA 1o
increase Sb uptake in schistosomiasis
therapy (5). (Intensively studied by
mainland Chinese, 1959, for therapy of
occupational metal poisoning (11).
Primary Soviet investigator since 1965
has been Okonishnikova (50).
Crysulline powder. Must be brought to
pH 5-5.5 before completely soluble in
water. Stability during sterilization and
long term storage unknown.

Toxicity is about 2.5 times less than
DMPS (20).

Major toxic effect of high dose unknown
at present.

Distribution in body compartments
unknown at present.

Effective antidote for As, Pb, Hg. Zn (16,
20, 50-54)

Urinary excretion of Co, Fe, Mn, Cu. or
Zn. none or minimal (43).

Effect on bile flow unknown.
Thenpe\mcdoscfrom 05 toZgl’or
T 0 kg mak il
10. * Caik bé gived by mouth, c.c.. ip.im.,
“Lv. Indications of oral dose being

‘*'éﬁh}:kﬁly\b«bed from'gi. tract. ©
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documented recently (44). Infact DMPS, as DIMAVAL, isanapproved drug
in West Germany for the treatment of mercury poisoning.

There are many reports in the Soviet literature dealing with DMPS and
DMSA both in experimental conditions or for human therapy. Some of them
are cited in the summary of the properties of these two very important metal
binding agents listed in Table 15. Obviously, these two water soluble analogs
of BAL that are advantageous as to overall effectiveness and low toxicity can
be expected to replace virtually all the therapeutic uses of British Anti-
Lewisite.

SUMMARY

Water soluble analogs of British Anti-Lewisite that are active orally and less
toxic than BAL are now available. These agents are 2,3-dimercapto-i-
propanesulfonic acid and meso-dimercaptosuccinic acid. Evidence for their
effectiveness in preventing the lethal effects of sodium arsenite in mice and
lewisite in rabbits is presented. These analogs can be expected to replace BAL
in the treatment of heavy metal poisoning.
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Summary

Meso—dimercaptosuccinic acid (DMSA) and the sodium salt of
2,3~ dimercapto-l-propanesulfonic acid (DMPS) are analogous in
chemical structure to dimercaprol (BAL, British Anti-lewisite).
Dimercaprol was among the first therapeutically useful metal
chelating agents and was developed originally as an
anti-lewisite agent. Either DMSA or DMPS protects rabbits from
the lethal systemic action of dichloro(2-chlorovinyl}arsine
(29.7umols/kg, also known as lewisite. The analogs are active

, in this respect when given either sc or po. The stability of
each of the three dimercapto campounds in distilled H,O, pH 7.0
at 24°, has been examined for seven days. DMSA retai 82% of
its mercapto groups, but no titratable mercapto groups remained
in the DMPS or BAL solutions. At pH 5.0, however, there was no
striking difference in the stability of the three dimercapto
campounds (78-87%) over a seven day period. DMSA and DMPS
warrent further investigation as water soluble metal binding
agents in both in vivo and in vitro experiments.

British Anti-Lewisite (BAL, dimercaprol) was developed in the 1940's as
an antidote to dichloro-{2-chlorovinyl)-arsine, ocommonly called lewisite
(1,2). The lethal action of lewisite is believed to be the result of its
carbining with one or more sulfhydryl groups and thus inactivating essential
sulfhydryl-containing enzymes (3). It is the arsenic in the lewisite molecule
that reacts with sulfhydryl moieties,

At the time of its introduction into clinical medicine, BAL was
considered by many to be the long sought, universal antidote for heavy metal
poisoning. In subsequent years, however, less toxic and more specific metal
binding agents have been sought and investigated. Same have met the criteria
and standards necessary for clinical use. Others have not. For example, BAL
glucoside was introduced (4) as a result of a search for water soluble and
less toxic analogs of BAL. Although it was found to be less toxic than BAL
for iv use, (probably because of its low lipoid solubility), it did not became
established as a clinical agent because it is unstable chemically. Other
campounds, which are less analogous in chemical structure, have replaced BAL
for same of its more specific therapeutic uses. For example, D-penicillamine
is used to mobilize and increase the excretion of copper in patients with
Wilson's Disease (5). Its N-acetyl derivative is effective as a mercury
antidote (6,7). BAL has remained, however, the drug of choice in the U.S. for
the treatment of arsenic poisoning.
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Meso~dimercaptosuccinic acid (DMSA) (8) and the sodium salt of
2,3-dimercapto~1-propanesulfonic acid (DMPS) (9) are promising replacements
for BAL. These campounds are very similar in chemical structure to BAL and
are sometimes referred to as water soluble and/or orally-effective analogs of
BAL. To our knowledge, however, the anti-lewisite activity of these two
important chemical analogs has not been determined. Neither are any published
data available concerning the stability of aqueous solutions of these
dimercapto compounds. Evidence for the anti-lewisite activity and stability
of DMPS and DMSA are presented in this paper.

Materials and Methods

Male New Zealand white stock rabbits weighing 2.5~3.5 kg were purchased
fram Dutchland laboratories Inc., Denver, PA and Davidson Mill Farm,
Jonesburg, NJ and caged individually. Food {Purina Rahbit Chow Brand 5322)
and water were available ad libitum except in the case of those animals who
received therapy orally. Animals receiving therapy po were fasted fram 16 hrs
prior to the first administration to 1 hr after the last administration on day
one. On days two and three, animals were fasted fram 1 hr prior to the
morning administration to 1 hr after the evening administration, approximately
7 hours.

when dithiol therapy was given sc, the animals were anesthetized fifteen
minutes before lewisite administration by administering im 0.50 ml of
anesthetic solution per kg. The animals were anesthetized to reduce the pain
expected to be caused by lewisite. Subsequently, it was observed that neither
pain nor discomfort was apparent. Thus, anesthesia was not used in the
experiments when dithiols were given po. The anesthetic solution was prepared
by mixing 5 parts Ketamine HCl1 (100 my/ml) and 1 part of Xylazine (100 mg/ml).

A 5 ml Gilson Pipetman was used to give the dithiols by mouth. The
rabbit was placed in a short restraining box. The box was placed on its end
so that the rabbit was in a vertical position with its head at the top. The
Pipetman was filled with the desired volume of the drug solution. The plastic
tip was gently inserted between the lips at one corner of the mouth and the
liquid delivered slowly into the back of the rabbit's mouth. This method did
not appear to cause any trauma or injury. It was easier and faster to perform
than the use of polyethylene stamach tubes.

NaDMPS was a gift of Heyl and Co., Berlin. Since each molecule has a
molecule of H,0 associated with it, a molecular weight of 228.2 was used in
calculations.” DMSA was a gift of Johnson and Johnson, Skillman, N.J. Both
campounds were pharmaceutical grade purity. DMPS and DMSA were titrated with
iodine in order to measure purity and mercapto content. By this criterion,
each preparation was judged to be greater than 99% pure. The compounds when
given by mouth were dissolved in water. In order to dissolve DMSA, the
aqueous suspension was adjusted to pH 5.5 with NaOH. When given sc, the
solutions were prepared the same way except that the campounds were dissolved
in 0.9% NaCl-5% NaHCO,. Unless otherwise stated, the concentrations of DMPS
or DMSA were such that the rabbit received 1.0 ml of solution per kg of body
weight, per administration. Dimercaprol Injection, USP (BAL in Oil Ampules)
was a gift of Hynson, Wescott & Dunning, Baltimore, MD.

Lewisite was 97-99.6% pure as judged by NMR-spectroscopy as well as by
iodine titration. Analysis by the former method also indicated that the forms
of lewisite that were present were trans (97.7%), cis (1.7%) and dimers
(0.5%). Lewisite is a hazardous material with which to work since it is a
potent vesicant. All handling of lewisite was done in an extremely well
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TABLE I
The Anti-lewisite Activity of Meso-Dimercaptosuccinic Acid and
2,3,-Dimercapto~1~Propanesulfonate when given sc to rabbits
Group umols/kg survive/start® % survival
1 LR+ emme—e 1/18 6
2 IFW + 75.0 DMSA 12/12 100
3 IEW + 37.5 DMSA 6/6 100
4 IEW + 20.0 DMSA 6/6 100
5 LB + 10.0 DMSA 1/6 17
LEW + 75.0 DMPS® 10/12 83
LBW + 37.5 DMPS 5/6 83
+ 75.0 BaLS 8/12 67
+ 37.5 BAL 3/6 50
of this paper, the data represent the
of a number of separate experiments. This
The

o~
2 In the tables
cambined results
experiments were performed under identical conditions.
survival recorded in this table is that for 7 days after
lewisite administration.
b Lewisite (29.7 umols/kg) was given sc at time zero.
All agents given sc except BAL, which was given im.
Dimercapto compounds given at +1 min, +90 min, +180 min,
+360 min after lewisite and at 8 a.m. and 4 p.m. on day 2
Administration of these amounts of dimercapto
fatalities in control animals that did not receive lewisite

6
7
8 LEW
LEW
was done to save space. The reason for the nunber of animals
in some groups differing fram the number in other groups of
capound at the times cited above did not cause any
for 1vs 3and 1 vs 4; p < 0.001 for 1vsé6and 1 vs 7; p

the same table is that very often the cambined data are the
result of fram 2-3 separate experiments. Otherwise, the

C

and 3.

(data not shown}.

Pair-wise comparisons: p < 0.0001 for 1 vs 2; p = 0,0001
0.001 for 1 vs B8 and 0.01 for 1 vs 9.

The stability of DMPS, DMSA or BAL was determined using iodametric

d
vented chemical exhaust hood. Safety glasses and thick neoprene gloves were

To 2.50 ml of a 0.10 M dimercapto solution, 10 drops of starch
indicator solution were added. The solution was titrated using 0.025 N iodine
solution until the blue color appeared and persisted for at least 10 sec.

WOIm.
titration.
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Results

Anti-Lewisite Activity

The data of Table 1 clearly show that both DMSA and DMPS have
anti-lewisite activity when given subcutanecusly. As little as 20umols/DMSA/kg
administered sc, according to the stated regimen, protects against the lethal
actions of lewisite. Thus, DMSA and DMPS are analogous to BAL not only in
chemical structure but also with respect to anti-lewisite activity. In
addition, DMSA and DMPS have anti-lewisite activity when given orally (Table
2).

TABLE II

Meso~Dimercaptosuccinic Acid or 2,3-Dimercapto-l-Propanesulfonate
is effective, when given by mouth, in protecting rabbits
against the lethal erifects of Lewisite

Group wols/kg survive/start % survival
1 LW + ——————e b 0/12 0
2 IEN  + 400 IJWBA] 5/6 83
3 LEW + 200 4/6 67
4 LEW + 400 6/6 100
5 LEW + 200 DMP 4/6 67
6 LB+ ——mee 1/6 17
7 LEW + I]VL‘SAC 4/6 67
8 LEW + DMPS 1/6 17

3 lewisite (29.7 wmols/kg) was given sc at time zero.

b Dimercapto compounds given po at -45, -2, +90 and +300 min.
after lewisite and 8 a.m, ard 4 p.m. on day 2 and 3. No
fatalities occurred in control animals that received these amount
of dimercapto campound, po, (but no lewisite) at the times cited
above. Survival was followed and recorded for 7 days after
lewisite administration.

€ Dimercapto campounds given po as follows: 400umols of
dimercapto compound /kg at 5 min before lewisite, and 200umols/kg
at each of the following times after lewisite: 1 hr., 2.5 hrs.
and 5 hrs. on the first day plus 8 a.m. and 4 p.m. on day 2 and
3.

d For pair-wise compariscn: p = 0,001 for 1 vs 2; p = 0,01 for 1
vs 3; p < 0,001 for 1 vs 4 and p = 0.01 for 1 vs 5

Additional studies have demcnstrated that a single po administration of
DMSA (400 umoles/kg) 15 min prior to lewisite was ineffective since only 1 of
6 animals survived for 7 days. In the experiments of Table 1 and 2, most of
the rabbits that received lewisite and no dimercapto therapy died within 12
hrs. If animals died after receiving lewisite plus dimercapto therapy, they
usually died between the first and fifth day of the experiment.
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Stability Studies

The stabilities of DMSA, DMPS and BAL in 0.10M solutions at pH 5.0 and 7.0
were examined (Fig 1). The mercapto groups of these campounds, in agqueous
solutions at pH 5.0, are stable (Fig 1). Even after 7 days at roam
temperature, from 78 to 87% of the mercapto groups remain titratable. At pH
7.0, however, the greater stability of DMSA is evident with 82% of the
mercapto groups remaining after 7 days.

100 ]
BAL

i
oMPE

2
1

-]
i

8
i

3
i

1

% of initial Mercapto Concentration
3 §l o
L
4
4
3

FIG. 1

Stability of bMSA, DMPS and BAL at pH 5.0 or 7.0.

solutions of each compound were prepared, adjusted to pH 5.0 or 7. 0
and to a final concentration of €.10mmol/ml. Solutions were
prepared using double~distilled H,0 and maintained at 24°.

Aliquots were removed at indicatea times and the mercapto content
determined. Each value shown is the average of two separate
titrations.

By this time and under these conditions none of the mercapto groups of
DMPS or RAL remained. Other studies (data not shown) indicated that DMSA, in
a solution of 5% NaHQ0., when either frozen for 4 days or frozen and thawed
each day for 4 days re%&med 82% of its original mercapto groups. If similar
solutions were held at 4° or 24° for 4 days, DMSA retained 76% and 69% of its
mercapto groups, respectively. Although solutions of DMPS in 5% NaH(O, were
stable (92-95% of original) when either frozen, or frozen and thawed egch day
for 7 days, after three days at room temperature no titratable mercapto groups
were evident.

Discussion

Extensive clinical experience with DMSA and DMPS as antidotes and
prophylactics for mercury, lead, arsenic and other heavy metals has been
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reported in Soviet and mainland Chinese literature {10,11,12,13). 1In the
Soviet Union, DMPS has been for many years an official drug called Unithiol.
Recently, there has been a great deal of interest in both of these water
soluble chemical analogs of dimercaprol in the United States and abroad
(14,15,16,17,18). This has resulted in the confirmation and extension
(19,20,21,22) of earlier reports dealing with both the basic and clinical
investigations of DMSA and DMPS.

Although dimercaprol is a name relatively easily identified in the field
of therapeutics, the compound is known most cammonly in other areas as British
Anti-lewisite. It seemed reasonable to expect that a true analog agonist
might also have Anti-lewisite Activity.

The present experiments clearly show that either DMSA or DMPS will
protect rabbits against the lethal systemic effects of subcutanecusly
administered lewisite (Table 1 and 2). Therefore, DMSA and DMPS can be
considered to be not only analogous in chemical structure but also in
anti-lewisite activity. In addition, DMSA and DMPS are effective when given
by mouth; a route not recamended for BAL administration,

The dose schedule for administering DMSA and DMPS was based on a three day
regimen recammended in the literature for the use of these metal binding
agents. Subsequent studies (Aposhian, unpublished) have demonstrated that as
little as ane dose of 40 wmols/kg of either drug given im one minute after
lewisite will result in the survival of 4 out of 6 rabbits. In addition when
DMSA therapy is delayed until 90 min after lewisite, 6 of 6 rabbits, survived.
The purpose of these studies was to determine whether DMSA or DMPS have
anti~lewisite activity. No attempt has been made to quantitate their relative
efficacy against lewisite.

Not only are these analogs crystalline and readily water soluble, they
are less toxic than BAL. The results of a number of different investigations
in rodents have led to the conclusion that the acute toxicity of DMSA is less
than that of DMPS which is much less than that of BAL (19.23.24.25).

The stability studies (Fig 1) were initiated for two reasons. Many
investigators believe that DMSA and DMPS are unstable because of their
dimercapto structure. Since solutions of these compounds were being used
throughout the day, for example see Table 1 and 2, it has been considered
necessary by a number of investigators (17,20) to prepare solutions
immediately before use. The stability of solutions of these dimercapto
campounds is samewhat surprising since mercapto compounds are usually thought
to be readily oxidized.

In addition to many older reports in the Soviet and Chinese literature
(10,12,26) dealing with DMPS and DMSA in human therapy, such use has been
strengthened by recent papers containing data fram clinical investigations.
For example, DMSA has been used recently in the treatment of a 46 yr. old man
who ingested 2000 mg of arsenic in a suicide attempt (27). Treatment with 300
mg of DMSA every 6 hrs po for 3 days caused an increase in the urinary
excretion of arsenic and eventual recovery. DMSA increased the excretion of
lead in the urine of smelter workers and was effective in treating the signs
ard symptams of lead poisoning (28). The dimercapto compound was well
tolerated and no signs of toxicity were evident. The usefulness of DMPS and
other metal binding agents in the treatment of mercury intoxication resulting
fram the Iraqi mercury disaster has been documented recently (18). DMPS, as
DIMAVAL, is now an approved drug in West Germany for the treatment of mercury
poiscn. These two water soluble analogs of BAL, analogous in activity as well
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as chemical structure, active when given by mouth and of low toxicity, warrant
continued investigation as possible replacements for BAL.
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INGREDIE AME:

1 LF LUTION

B. Chemical Name:

C. Common Name:

Monsel’s Solution, Basic Solution, Iron Hydroxide Sulfate

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

(Specification) (Result)
Assay 20-22% 21.2%

E. Information about how the ingredient is supplied:

Reddish-Brown liquid, almost odorless, sour, strongly astringent taste, affected by light.

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

NFXI

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

Spitzer, M. and Chernys, A E. Monsel’s solution-induced artifact in the uterine cervix. Am
J Obstet Gynecol, 1996; 175(5): 1204-1207.

Su, G. B. Clinical experience on efficacy of Monsel’s solution. Chung Hua Wai Ko Tsa
Chih, 1981: 19(11): 685-686.

Manca, D. P. Therapeutic use. Human/ Wound Healing. Can Fam Physician, 1997, 43:
1359.



H. Information about dosage forms used:

Solution

I. Information about strength:

20-22mg per 100ml
Undiluted

J. Information about route of administration:
Topically

K. Stability data:

L. Formulations:

Oxidizing ferrous sulfate with nitric acid
See file for compounding directions

M. Miscellaneous Information:

Page -2-
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E...OUCT: FERRIC SUBSULFATE SOLUTION (PURIFIEDJ 5 GRADE: —;

RELEASE #: 104273 LOT # :862908M10§ CODE:G09-21250/97
SPECIFICATIONS | RESULT

l. DESCRIPTION REDDISH-BROWN L%QUID g CONFORMS

2. Identificatjon To pass test i | Passes test

3.£)Assay{Fe) [gm/100 ml] 20 - 22% i o 21.2%

4. Nitrate Negative T Negative

5. Ferrous salts Négative ! Negative

6. Solubility To pass test Passes test

i
!
'
i
t
!

ATTENTION: TONY HATCHETT

Date :11/13/97 Prepared by : A. KASHWZ

10907 - Approved. by \,

Our Order # 239573-1 Your PO # 54504

|

: ORATORY.
THE ABOVE TEST RESULTS HAVE BEEN OBTAINED BY OUR MANUFACTURER/SUPPLIER AND/ORINOUR QUALITY CONTROL LAB
“:DATAIS PROVIDED AT THE REQUEST OF AND FOR THE CONVENIENCE OF THE CUSTOMER AND DOES NOT RELIEVE THE CUSTOMER
ITS RESPONSIBILITY TO VERIFY IT. THIS ANALYSIS IS NOT TO BE CONSTHUEQ AS A WARHANTY, EXPRESSED OR IMPLIED.
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QUALITY CONTROL REPORT

A’ %é>

CHEMICAL NAME. :FERRIC SUBSULFAT;)(MONSEL’S SOLN)

MANUFACTURE LOT NO.:C63940C26
PHYSICAL TEST
SPECIFICATION TEST STANDARD.:USP__/BP__/MERCK__/NF__/MART.__/CO.SPECS.__.

1) DESCRIPTION., :
»~ [REDDISH-BROWN LIQUID; ALMCST ODORLESS; SOUR, STRONGLY ASTRINGENT
~~ \TASTE; AFFECTED BY LIGHT.

2) SOLUBILITY.:
MISCIBLE WITH WATER AND IN ALCOHOL; ACID TO LITMUS.

3)MELTING POINT.:
4) SPECIFIC GRAVITY.:1.548.

5) IDENTIFICATION. :
A)FERROUS SALTS TEST GIVES NEGATIVE RESULTS.
B) FERRIC SALTS TEST GIVES POSITIVE RESULTS.

PASSES. : FAILS.:

COMMENTS. : NOTE - MAY CRYSTALLIZE OR SOLIDIFY AT LOW TEMPERATURES. ﬁ\

ANALYST SIGNATURE. : DATE.
PREPACK TEST.: DATE. : INITIAL.:
RETEST. : DATE. : INITIAL. :




yy
i

MALLINCKRODT BAKER -- FERRIC SUBSULFATE SOLUT...

MALLINCKRODT BAKER -~ FERRIC SUBSULFATE SOLUTION - FERRIC SUBRSULFATE SOLUTION
MATERIAL SAFETY DATA SHEET

NSN: 6505012078245

Manufacturer's CAGE: 70829

Part No. Indicator: A

Item Name: FERRIC SUBSULFATE SOLUTION
Company's Name: MALLINCKRODT BAKER INC.
Company's Street: 222 RED SCHOOL LANE
Company's City: PHILLIPSBURG

Company's State: NJ

Company's Country: US

Company's Zip Code: 08865-2219
Company's Emerg Ph #: 908-859-2151/800-424-3300 (CHEMTREC)
Company's Info Ph #: 201-859-2151
Record No. For Safety Entry: 001

Tot Safety Entries This Stk#: 001
Status: SE

Date MSDS Prepared: 22AUGY95

Safety Data Review Date: 300CT96
Supply Item Manager: KX

MSDS Preparer's Name: UNKNOWN

MSDS Serial Number: BNVDB

Specification Number: NONE

Spec Type, Grade, Class: NOT APPLICABLE
Hazard Characteristic Code: J6

Unit Of Issue: BT

Unit Of Issue Container Qty: 500 ML
Type Of Container: STD COML PKG

Net Unit Weight: 3.2 LBS

Ingredients/Identity Information

Proprietary: NO )

Ingredient: FERRIC SUBSULFATE
Ingredient Sequence Number: 01
Percent: 40-45

NIOSH (RTECS) Number: 1004946FS

CAS Number: 1310-45-8

OSHA PEL: NOT ESTABLISHED

ACGIH TLV: NOT ESTABLISHED

Other Recommended Limit: NONE RECOMMENDED
Proprietary: NO

Ingredient: SULFURIC ACID (SARA III)
Ingredient Sequence Number: 02
Percent:

Page 1 of |
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Iolution with potassium or sodium hydrate

C éolution of Ferric Sulphate, one hundred and eighty
)itate, without evolving vapor of ammonia. :

Y . L
e Solution, diluted with 4 volumes of water, befd® y, gTa g : SRERPERERES 180 Gm.
1g it with an excess of potassium or sodium hyd rAmmonia Water, one hundred and sixty cubic centimeters 160 Cc.
htly acidulated with acetic acid, a po ffi‘&n:r ENitric Acid, sevenly-one grammes...................... 71 Gm.
'zr:z(lt :‘gtx; )some time, should not give a white, ry b pistilled Water,

tion of the acidulated and cooled filtrate a littl
led, and the liquid heated to boiling, it shoul
stalline precipitate. o i
3m. of the Sglution be introduced into a gla
acity of about 100 Ce.), together with 15 Ce. o
ric acid, and, after the addition of 1 Gm. o
be kept for half an hour.at a temperature of
d mixed with a few drops of starch T.S., it shoi
normal sodium hyposulphite V.S. to discharge:
e liquid (each Ce. of the volumetric solution indi
ziron). .

Yitras. Ferri et Ammonii Citras.

LWater, each, a sufficient quantity,
To make one thousand grammes. ... 1000 Gm.

8Mix the Ammonia Water with five hundred (500) cubic centimeters of
®id Water, and the Solution of Ferric Sulphate with fifteen hundred
1600) cubic centimeters of cold Water. Add the latter solution slowly
) the diluted Ammonia Water, with constant stirring." Let the mix- -
gre stand until the precipitate has subsided as far as practicable, and
pen decant the supernatant lignid. Add to the precipitate one thou-
pd (1000) cubic centimeters of cold Water, mix well, and again set the
ixture aside, as before. Repeat the washing with successive portions
cold Water, in the same manner, until the washings produce but
Bight cloudiness with barium chloride test-solution. Pour the

ehed ferric hydrate on a wet muslin strainer, and let it drain

s
.RRI ET AMMONII ACETA
F IRON AND AMMONIUM ACET
T AMMONII ACETATIS, PHARM. 1880

MIXTURE.] 5 proughly. Then transfer it to a porcelain capsule, add the Nitrie

e~ R g4, and stir with a glass rod, until a clear solution is obtained.

dc yride, twenty cubw centimelers Bally, add enough Distilled Water to make the finished product
wcid, wirty cubic centimeters. ... ... oh '

2

ronium Acetate, fwo hundred cubic

................. erasesrc e

_one hundred cubic centimeters . . ..
dred and twenty cubic centimeters .

t quantity,

g1 one thousand (1000) grammes. Filter, if necessary.

ey
cend
Py

A clear, amber-colored or reddish liquid, odorless, having an acid, 'at):'ptic N
paste, and an acid reaction. . : o
Specific gravity : about 1.050 at 15° C. (59° F.). =
:IThe Solution gives a brownish-red ’grecipitabewith ammonia water, and a
grie one with potassium ferrocyanide 7T.8. . .
o aogltéir csr){sttal of fegro?s sulphéate b((ie asglde}(li to & cooled mixture of equal -
. . 18 e Solution and of concentrate uric acid, the crystal will be-"
Yo make one thousand cubic wntmwtg:ﬁ lb_‘l'gw('il flx}% )b%; surrc}unlclieds(t: a brogvnisl?—black zone. i be
) . Rt , -12 (L.117 m. of the Solution be introduced into a glass-stoppered
f Ammonium Acetate (which shoglqd ! e (having a capacity of about 100 Cc.), together with 15 ch of watglr)e;nd :
ly, the Diluted Acetic Acid, the Tine 3h eoihléz;ligoghlor}x)% i;{c)dt, ?nd},l aéter tﬁe addition’ of 1 Gm. of potassium °
) o1 e} . dide, ixture ept for half an hour at a temperature of 40° C. (104°
atic Elixir, and the( Glycerin, and, s
» product measure one thousand (1(3?

k) then cooled, and mixed with a few dro i ire -
, and ps of starch T.S., it should require
out 2.8 Ce. of decinormal sodium hyposulphite V.S. to discharge the blue

¥ : ;
= 8reenish color of the liquid (each Ce. of the volumetric solution indicating -
QDT cent. of metallic iron). ( ndicating

LIQUOR FERRI SUBSULPHATIS. —n
: SOLUTION OF FERRIC s‘l,!B'Sl_J‘LPHATE.
ON OF Basic FERRIC SULP;(ATE. MONSEL'S SOLUTION.j

. :’ queous solution of Basic Ferric Suli)hate (of variable chemical =

- ..

On); corresponding to about 13.6 per cent. of metallic iron. = - o



seventy-five grammes
Sulphuric Acid, sizty-five grammes
Nitric Acid,
Distilled Water, each, a sufficient quantity,

To make one thousand grammes. . . ." Xy

Distilled Water in a capacious porcelain capsule, heat t}l .
to nearly 100° C. (212° F.), then add sixty-five (65) grammes 0IEN
Acid, and mix well. Divide the Ferrous Sulphate, coarsely"

into four equal portions, and add these portions, one at; ;
the hot liquid, stirring after each addition until eﬁewmen
When all of the Ferrous Sulphate is dissolved, add a fewgtdig
" Nitric Acid, and, if this canses a further evolution of red Qe
tinue to add Nitric Acid, a few drops at a time, untll»lt TG
causes red fumes to be evolved ; then boil the Solution un
. a ruby-red color and is free from nitrous odor. Lastly,

* Distilled Water to make the product weigh one thousand (10
Keep the product in well- st;oppered bottles, in a modé

A dark reddish-brown liquid, odorless or nearly so, of ¢
© styptic taste, and an acid reaction.
1\I)eclﬁc grawty about 1.550 at 15° C. (59° F.).
iscible with water and alcohol, in all proportions,
The diluted Solution yields a brownish-red precipitate wi
a blue one with potassium ferrocyanide T. S and a white n
hydrochlonc acid, with barium chloride T 35
- On slowly mixing 2 volumes of the Solutlon with 1 volume
sulphuric acid, in a beaker, a semi-solid, white mass will sepa.ra
* (difference from tersulphate). - <
On adding a clear crystal of ferrous sulphate to a cooled mix
volumes of concentrated sulphuric acid and a diluted portlon 0
the cg'stal ghould not become brown, nor should there be a
color developed around it (absence of nitric acid).

If to a small portion of the Solution, diluted with abou B
water, a few dro Fs of freshly prepared potassium ferricyanide;REs
a pure brown color should be produced without a tlnge of .
blue (absence of ferrous salt).

If 1.12 (1.1176) Gm, of the Solutxon be introduced into
bottle (having a capacity of about 100 Cc.), together with 15,
2 Ce. of hydrochloric acid, and, after the addition of 1
lodlde, the mixture be kept for half an hour at a tempe
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with physiological salt solution and slowly adminis-
tered intravenously.

Dosage Forms—Injection USP: 50 mg/5 ml, 250
mg/25 ml; for Injection USP: 50 mg.

Other Anticoagulant Antagonists

Tolonium Chloride [Toluidine Blue; Blutene (Abbott) |
is 3-amino-7- (dimethylamino)-2-methylphenazathionium
chloride [C,;HsCIN;S]. Description and Solubility: A
dark-green powder. 1 Gm dissolves in about 26 ml of water,

yielding a blue to violet solution, and in about 175 ml of alco-
hol, yielding a blue solution. Uses: It precipitates heparin.
It is used for the treatment of overdosage of heparin and for
the treatment of certain hemorrhagic states, some of which,
but not all, are associated with elevated blood heparinoid
levels. The organs are stained blue and the urine becomes
pale blue-green. Nausea, vomiting, burning sensation upon
urination, and tenesmus may occur, but they may be avoided
by adequate fluid intake. Dose: Oral, 200 to 300 mg daily
for menorrhagia; intramuscular or slow intravenous, for
heparin overdosage, 100 mg. Veterinary Dose: Oral, Dogs
and Cats, 200 to 300 mg daily.

Hemostatics and Styptics

Many substances not especially related to the clotting
mechanism are capable of promoting clotting. Upon
contact with most surfaces, platelets disintegrate,
thereby liberating a thromboplastin. Spongy and
gauzy materials, which provide a large surface area, are
thus used to arrest bleeding; absorbable sponges may
be left permanently at the site of bleeding. Fibrin,
fibrinogen, and thrombin are also potent hemostatics
(see page 829). Astringents (see Chapter 43, page 768)
also initiate clotting by precipitating proteins and by
labilizing platelets; ferric salts are mostly employed as
styptics.

Alum—see page 749.

Cellulose, Oxidized—see page 1876.
Estrogens, Conjugated—see poge 991.
Ferric Chloride—see page 772.
Fibrinogen—see poge 830.

Fibrinogen with Antihemophilic Factor—see poge 830.

Absorbable Gelatin Sponge USP
[Gelfoam (Upjohn) ]

Absorbable Gelatin Sponge is gelatin in the form of
a sterile, absorbable, water-insoluble sponge.

Description—A light, nearly white, nonelastic, tough,
porous, hydrophilic solid. A 10-mm cube weighing approxi-
mately 9 mg will take up approximately 45 times its weight
of well-agitated oxalated whole blood. It is stable in dry
heat at 150° for 4 hours.

Solubility—Insoluble in water, but absorbable in body
fluids; completely digested by a solution of pepsin.

Uses—Absorbable Gelatin Sponge is a hemostatic
and coagulant used to control bleeding. It is moistened
with thrombin solution or sterile normal saline and
may then be left in place following the closure of a
surgical incision. It is absorbed in from 4 to 6 weeks.

Human Antihemophilic Factor—see page 830.

Antihemophilic Human Plasma—see page 830.
Protamine Sulfate—see page 836.
Thrombin-—see page 831.

Thromboplastin—see page 1376.

Tolonium Chloride—see this page.

Other Hemostatics and Styptics

Carbazochrome Salicylate [Adrenosem (Massengill;
Adrestat (Organon) ] —An adrenochrome monosemicarba-
zone  [3-hydroxy-1-methyl-5,6-indolinedione-5-semicarba-
zone] sodium salicylate complex [C,(H;:N.O;.C;H;NaOQ;]
occurring as a fine, orange-red, odorless powder with a sweet-
ish saline taste. It is soluble in both alcohol and water. A
13% aqueous solution has a pH range of 6.7-7.3. Uses:
Proposed for the systemic control of capillary bleeding of
various types. Its clinical usefulness for this purpose is sci-
entifically unjustified. Dose: Oral, 1 to 5 mg 4 times daily;
intramuscular, 5 mg every 2 to 4 hours.

Ferric Subsulfate [approx. Fe,0(S0y);.H,0)—Used and
prepared only as a solution. Ferric Subsulfats
was official in NF XI. It is prepared by ¢
Gulfate with qit;

Uses: An im-
portant styptic solution. The solution is less irritating than
ferric sulfate because of the lesser amount of sulfuric acid
present. It is occasionally used to control surface bleeding
and as an astringent in a variety of skin disorders.
should not be used in vesicular, bulbous, or exudative
dermatoses, because it may then cause permanent pig-
mentation of the skin.

Fibrin Foam Human—A dry artificial sponge of human
fibrin, prepared by clotting with thrombin a foam of a solu-
tion of human fibrinogen. The clotted foam is dried from
the frozen state and heated at 130° for 3 hours to sterilize.
It appears as a fine, white sponge of firm texture. It is in-
soluble in water. Uses: A mechanical coagulant of blood
in case of hemorrhage, especially in surgery of the brain,
liver, kidneys, and other organs where ordinary methods of
hemostasis are ineffective or inadvisable. This preparation
is used by impregnating it with a freshly prepared solution
of thrombin in normal saline solution and then applying the
foam to the bleeding area. In time, the foam is absorbed.

Electrolytes

The concentration of several of the electrolytes in the
plasma is critical for the proper functioning of the cells,
especially those of the excitable tissues. For the normal
plasma concentration of the principal electrolytes, see
Page 815. The proper balance of the several ions is
complex; it depends not alone upon the concentration

in the extracellular fluid (of which plasma is one com-
partment) but also upon the intracellular concentration,
the ratio across the cell membrane being an essential
factor, and upon the ratio of one ion type to another.
Thus, the plasma electrolyte concentrations provide
only a crude clue to the electrolyte status of the patient.

The solution contains 20-22 Gm
Fe per 100 ml. It is reddish brown an S an astringent,
sour taste. It is miscible with alcohol.
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'.dditiomll 50 ml. of water and titrate the liber-
© ated iodine with 0.1 N sodium thiosulfate, using
¥ starch T.5. as the indicator. Each ml. of 0.1 ¥V
% godium thiosulfate is equivalent to 5.585 mg. of

Tic™  has been exposed to daylight for sonil
;imi yields a greenish or bluish color
sotassjum ferricyanide T.S. (presence of :aomdl
‘errous salt). ) Lol ;
Nitrate—Dilute 4 ml. of Ferric Chloride Tin 8
are with 10 ml. of water, heat the solution
>oiling and pour it into a mixture of 10 mlJ
water and 10 ml. of ammonia T.S. Filter;
nixture while hot, and wash the filter withs
water until the total filtrate measures 30 jm]
Vix the filtrate well and to 5 ml. add 2 dropalhg
ndigo carmine T.S. Mix this solution wi
nl. of sulfuric acid: the blue color does not:dis
ippear within 1 minute. ) | 1N
Assay—Transfer 5 ml. of Ferric Chloride
.ure, accurately measured, to a flask of suitah
:apacity. Add about 20 ml. of water, 3 Gm
sotassium iodide, and 3 ml. of hydrochloric 2
Allow the solution to stand during 15 minu
ilute it with 100 ml. of water, and then ti
~ith 0.1 V sodium thiosulfate, using starch
18 the indicator. Each ml. of 0.1 N sodium
wilfate is equivalent to 16.22 mg. of FeCly.*
Alcohol content, page 404—Ferric Chlongs
Tincture contains from 58 to 64 per centEbigE
C.H,OH. -
Packaging and storage—Preserve Ferric Ch
ride Tincture in tight, light-resistant containeg
ind avoid exposure to direct sunlight or to’e
sive heat. )

CATEGORY—Astringent; hematinic.
UsuaL pose—0.6 ml.

Fe,ljcohol content, page 404—Ferric Citrochlo-
ride Tincture contains from 13 to 15 per cent of
OH.
c'i’l;ckaging and storage—Preserve Ferric Citro-
chloride Tineture in tight, light-resistant con-
tainers and avoid exposure to direct sunlight or
& o excessive heat.
3

CatEGORY—Hematinic.
 UsuaL poSE—0.5 ml. :
One usual dose represents about 22 mg. of iro
> in the form of ferrie citrochloride.

SOLUBLE FERRIC PHOSPHATE

Ferric Phosphate with Sodium Citrate

+ Soluble Ferric Phosphate is ferric phosphate
B rendered soluble by the presence of sodium
dtrate, and yields not less than 12 per cent
and not more than 15 per cent of Fe.

¥ * Description—Soluble Ferric Phosphate occurs

a8 thin, bright green, transparent scales, or as

: ules. It is without odor, and has an acid,

b alightly salty taste. Soluble Ierric Phosphate is

& stable in dry air when protected from light, but

B%:. when unprotected, soon becomes discolored. A

¥ wlution of Soluble Ferric Phosphate (1 in 10) ig

add to litmus,

Solubility—Soluble Ferric Phosphate dissolves

¥ freely in water. It is insoluble in alcohol.

. ‘ Identification—

& A: To 10 ml. of a solution of Soluble Ferric
f Phosphate (1 in 100) add ammonia T.S., drop-
E wise: the solution becomes reddish brown, but no

Ferric Citrochloride Tincture

F™ Citrochloride Tincture is a hydQ
ale. . solution containing, in each 100 X
ferric citrochloride equivalent to not less thi
4.48 Gm. of Fe.

Ferric Chloride Solution........... ; precigitate forms,
Sodium Citrate................... S © B: Remove the iron from 10 ml. of a solu-
Alcohol...... .. B tion of So

n luble Ferric Phosphate (1 in 10) by
B boiling it with an excess otp sodium hydroxide
% 13.; filter, and strongly acidify the filtrate with
B bydrochloric acid: & cooled portion of this
id mixed with an equal volume of magnesia
- mixture T.S. and treated with a slight excess of
o ammonia T.S. produces an abun(giant, white,
E erystalline precipitate. This precipitate, after
ing washed, turns greenish yellow when
 treated with a few drops of silver nitrate T.S.
{istinction from pyrophosphate).
& - Ammonium salts—Boil about 100 mg. of
Soluble Ferric Phosphate with 5 ml. of sodium
g lydroxide T.S.: a reddish brown precipitate
forms without the evolution of ammonia.
ad—Dissolve 1 Gm. of Soluble Ferric Phos-
Phate in 3 mi. of nitric acid (1 in 2) in & 100-ml.
§ Yolumetric flask. Add sufficient water to make
%40 ml., and mix well. A 10-ml. portion of this
¥ solution contains no more than 5 meg. of lead
'(°Pffes§)onding to not more than 50 parts per
~ million) when treated aceording to the Lead
, imu Test, page 414, using 10 mi. of ammonium
% Gtrate solution, 3 ml. of potassium cyanide solu-

Water, a sufficient quantity,
To make about............... 1 X
Mix the ferric chloride solution with 15
of water, dissolve the sodium citrate ip
mixture with the aid of gentle heat, and
the alecohol. When the solution has be
cold, add sufficient water to make the pr
measure 1000 ml.  Set the Ferric Citroch}
Tincture aside in a cold place for a few
so that the excess of saline matter may se
rate, and then filter. -

Assay—Transfer 5 ml. of Ferric Citroch]
Tincture, accurately measured, into an
flask, add 7 ml. of hydrochloric acid and 2 g
of water, and heat on a water bath until cless
Cool to room temperature and add about 25,1}
of water and 3 Gm. of potassium iodide, and 8
the mixture to stand for 15 minutes. Then @
the stopper and the sides of the flask with
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tion, and 1 ml. of hydroxylamine hydrochloride
solution.

Assay—Dissolve about 1 Gm. of Soluble Ferric
Phosphate, accurately weighed, in 25 ml. of water
and 5 ml. of hydrochloric acid in a glass-stoppered
flask; add 4 Gm. of potassium iodide, securely
stopper the flask, and allow the mixture to stand
15 minutes; dilute with 50 ml. of water, and
titrate the liberated iodine with 0.1 N sodium
thiosulfate, using starch T.S. as the indicator.
Perform a blank determination with the same
quantities of the same reagents and in the same
manner and make any necessary correction.
Each ml. of 0.1 V sodium thiosulfate is equivalent
to 5.585 mg. of Fe.

Packaging and storage—Preserve Soluble
Ferric Phosphate in well-closed, light-resistant
containers.

CarEGory—Hematinic.
UsuAL DOSE—250 mg.

FERRIC SUBSULFATE SOLUTION

Monsel's Solution; Basic Ferric Sulfate Solution

Ferric Subsulfate Solution is a water solu-
tion containing, in each 100 ml., basic ferric
sulfate equivalent to not less than 20 Gm. and
not more than 22 Gm. of Fe.

Note: If exposed to low temperatures,
crystallization may take place in the Solution.
The crystals will redissolve upon warming the
Solution.

Description—Ferric Subsulfate Solution is a
reddish brown liquid, odorless or nearly so, with a
sour, strongly astringent taste. Ferric Subsul-
fate Solution is acid to litmus, and it is affected
by light. Its specific gravity is about 1.548.

Selubility—Ferric Subsulfate Solution is mis-
cible with water and with alcohol.

Identification—Separate portions of a dilution
of Ferric Subsulfate Solution (1 in 20) yield a
brownish red precipitate with ammonia T.S,, a
blue precipitate with potassium ferrocyanide
T.S., and a white precipitate, insoluble in hydro-
chloric acid, with barium chloride T.S.

Nitrate—Add a clear erystal of ferrous sulfate
to a cooled mixture of equal volumes of sulfuric
acid and a dilution of Ferric Subsulfate Solution
(1in 10): the crystal does not become brown, nor
does a brownish black color develop around it.

Ferrous salts—Add a few drops of freshly pre-
pared potassium ferricyanide T.S. to 2 ml. of a
dilution of Ferric Subsulfate Solution (1 in 20):
a brown color is produced and the solution re-
mains free from even a transient green or greenish
blue color.

Assay—Dilute about 10 ml. of Ferric Subsul-
fate Solution, accurately measured, to exactly
100 ml. with water. Transfer 10 ml. of the dilu-
tion to a stoppered flask; add 5 ml. of hydro-
chloric acid and 3 Gm. of potassium iodide.
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Stopper the flask, and allow the mixture to stand
for 15 minutes; then dilute with 50 ml. of water,
and titrate the liberated iodine with 0.1 V sodium
thiosulfate, using starch T.S. as the indicator.
Each ml. of 0.1 NV sodium thiosulfate is equiva-
lent to 5.585 mg. of Fe.

Packaging and storage—Preserve Ferric Sub-
sulfate Solution in tight, light-resistant con-
tainers, and in a moderately warm place (not
under 22°).

CaTEGORY—Astringent.
As A stYpric—Use Ferric Subsulfate Solution
pilnihallit e ey

undiluted.

FERROUS CARBONATE PILLS

Chalybeate Pills
Blaud’s Pills
Ferruginous Pills

Each Pill contains not less than 60 mg. of
¥eCO;.

Ferrous Sulfate, in clear crystals.... 16 Gm.

Potassium Carbonate.............. 9.5Gm
Sucrose, finely powdered........... 4 Gm.
Tragacanth, finely powdered........ 1 Gm.
Althea, in very fine powder........ . 1 Gm.
Glycerin,
Purified Water, each, a sufficient

quantity,

To make 100 pills.

Triturate the potassium carbonate in a
mortar with a sufficient quantity (about 5
drops) of glycerin, add the ferrous sulfate and
sucrose, previously triturated together to a
uniform, fine powder, and mix the mass thor-
oughly until it assumes a greenish color.
When the reaction is complete, incorporate the
tragacanth and althea, and add purified water,
if necessary, to obtain a mass of pilular con-
sistency. Divide it into 100 pills.

Assay—Carefully pulverize 5 Ferrous Car-
bonate Pills in a mortar, and triturate with 20
ml. of diluted sulfuric acid until all carbonate is
dissolved. Transfer completely the contents of
the mortar to a beaker of about 800-ml. capacity,
and add water to bring the total volume to ap-

roximately 300 ml. Add orthophenanthroline
%S and titrate immediately with 0.1 N ceric
sulfate, avoiding excessive stirring. Near the
end of the titration tilt the beaker at an angle of
45° to facilitate the detection of the end point.
EBach ml. of 0.1 N ceric sulfate is equivalent to
11.59 mg. of FeCO,.

Packaging and storage—Preserve Ferrous Car-
bonate Pills in well-closed containers.

CaTEGORY—Hematinic.
UsvaL posE—35 pills.
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per cent of Fel,, by wexght P
Ferrous Iodide Syrup may be prepare
follows:

Iron, in the form of fine, brlght wire. 20 ¢ b

odine. . 60('.‘7
Hypophosphorous Acid. . e 5 mi'g
Sucrose. . 850 Gm)
Purified Water, a suﬁicxent. quantxty, 8T <

To make. . e 1000 7"‘

Nore: For the purpose of retarding .Fh
coloration, 1.3 Gm. of citric acid may replacy
the hvpophosphorous acid in the above fo
mula.

Place the iron in a flask having a capamty 0]
about 500 ml., add the iodine and 200 -,l.
purified water, and shake the mixture occasx i
ally, checking the reaction, if necessaryf##
placing the flask in cold water. When
liquid has acquired a green color and ha.s
the odor of iodine, heat it to boiling, and
solve 100 Gm. of sucrose in the hot llq i
Filter the solution at once into a flask grat o
ated to 1000 ml. and contalmng the remmn g
of the sucrose, and rinse the flask contain Wi
the iron with 240 ml. of hot punﬁed watebg
divided portions, passing the rinsings suc
gively through the filter. Agitate the
until the sucrose is dissolved, warmingRi
necessary, cool to 25°, and add the hypop 08
phorous acid and enough purified water®
make the product measure 1000 ml. Mu;i el
and strain.

Description—Ferrous Iodide Syrup is a Y
Earent pale, yellowish green, syrupy liqu
aving a sweet, ferruginous taste and a slighd
acid reaction. Its specific gravity is about k34
Identification— o

A: Add a few drops of potassium ferfs
cyanide T.8. to 5 ml. of Ferrous Iodide Syrup
blue Ereclpltate forms. .

Mix 5 ml. of Ferrous Iodide Syrup Wikl
a few drops of starch T.S., and add 3 drop&)
chlorine T.S.: the liquid acquires a deep i
color.

Free iodine—To about 5 ml. of Ferrous o -fT"
Syrup add a few drops of starch T.S.: no big
color is produced.

Assay—Place exactly 10 ml. of Ferrous Io :"’
Syrup in a flask, dilute it with 30 ml. of wal
add 50.0 ml. of 0.1 A silver nitrate, and 5 miyg
nitric acid, and heat on a water bath until £
precipitate of silver iodide is greenish yellqt
Cool, add 2 ml. of ferric ammonium sulfate T}
and determine the residual silver nitrate by tit

.v
9
nb
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;}f d Ferrous Sulphate (5064-n)

Yerrous Sulfate (USAN): Exsiccated Ferrous Sulphate;
osi Sulfas Exsiccatus.

2 13463-43-9.

p opoeias. In Aust, Br., Int, and US.

sulphate deprived of part of ils water of crystallisa-
y drying at 40°. The USP specifies that it consists pri-
rily of the monchydrate with varying amounts of the
Saiahydrate. A greyish-white to buff-coloured powder. The
p specifies 8610 90% of FeS50,; the USP specifies 86 to 89%
FeSOs
. but almost completely soluble in freshly boiled and
d water; practically insoluble in aicohol.

B
]

ous sulphate is employed for iron-deficiency
mia. It is given by mouth and the dried form is
guently used in solid dosage forms and the hep-
hydrate in liquid dosage forms. Usual doses of
ENied ferrous sulphate are up to 600 mg daily (equiv-
1t to 180 10 195 mg of iron daily, this figure being
mewhat variable depending on the purity and wa-
ntent of the salt).

iscussion of iron-deficiency anaemia and its
RiEatment, see p.747; for further discussion of iron
nd its dosage, see p.1368.

Frerrous sulphate oxidised with nitric and sulphuric
Facids yields ferric subsulphate solution. also known
2asMonsels solution, which has been used as a hae-
Pmostatic.

JO5] ey =

R reparatlons

PNames of preparations are listed below: details arc given in Part 3.
Officiai Preparations
JEAP 1993: Ferrous Sulphate Tablets: Paediatric Ferrous Sulphate
a! Solution;
5973: Compound Ferrous Sulphate Tablets:

3: Ferrous Sulfaie Oral Solution: Ferrous Sulfate Syrup;
ermus Sulfate Tablets.

i
ropriet: Preparations
st Ferrograd C: Ferro-Gradumet: Infa-Tardyferon: Tardyfer-
B o’ Austral: Feritardt; Ferro-Gradumet; Fespant: Slow-Fet;
Belg.: Fer-In-Sol: Ferograd: Fero-Gradumet: Resoferon: Canad.:
B Fer-In-Sol; Fero-Grad; Fero-Grad-500: Novo-Ferrosulfa: Slow-
R Fe} Eire: Feospan; Fer-In-Sol; Ferrograd: Ferrograd C: Slow-Fe:
Ger.: Ce-Ferro fortet; Dreisafer; Eisen-Diasporal. Eisendragees-
iopharm?; Eryfer; Ferro 66 DLt. Hamatopan: Haemoprotect.
Kendural C; Plastufer: Resoferix; Tardyferon: Taxofit Mineral Ei-
sent; Vitaferro; Jtal: Eryvfer: Femro-Grad: Ferro-Grad C: Neth.:
Eryfert; Fero-Gradumet: Liquifer. Plexafert: Resoferont; Norw.:
:Duroferon; Ferromax; Ferro-Retard: §5.Afr.; Fero-Grad; Fesofor:
Spain: Fero-Gradumet; Swed.: Duroferon; Switz: Ferro-Gra-
dumet; Résoféron: UK: Feospan: Ferrograd: Ferrograd C:
Honorm; Slow-Fe: USA: Feosol: Feratab: Fer-gen-sol: Fer-In-Sol:
 Rer-Tron; Fero-Grad-500; Fero-Gradumet. Ferospace: Ferralyn
Lan: ; Ferra-TD: Irospan: Mol-Iron: Slow-Fe.

 Multi-ingredient preparations. Aust.: Akiifermin: Aktiferrin
compositum; Ferrograd-Fol: Kephalodoron: Tardyferon-Fol:
Austral.: Fefol; Feritard-Folict: FGF Tabs: Canad.: Fero-Folict:
Ioeret; Slow-Fe Folic: Eire: Fefol: Fefol-Vit; Ferrograd Folic; Fes-
pyiL' Folferite; Pregnavite Forte F: Slow-Fe Folic: Fr.: Fero-Grad
. Yitaminé C; Fero-Grad-5007; lonarthral: Pilules Pink+: Tardvfer-
00; Tardyferon B,; Ger.: Aktiferrin; Akitiferrin E F; Eryfer comp.;
Ferto Cytofolt; ferro sanol comp: Ferro-Folpamma: Ferro-Fol-
. $8ure-Vicotratt; Ferro-Folsan: Ferro-Folsan plust: Ferrophort;
3 Hlma!opan F; Kendural-Fol-500: Kendural-Plus: Plastulen N:
Tardyferon-Fol; ltal.: Cura; Ferro-Grad Folic: Vitamucin con Fer-
1ot; Norw.: Pregnifer; S Afr.: Effee; Fefol: Fefolvit; Fero-Folic:
Foliglobin; Iberet; Laxicaps: Spain: Ferriwas B12 Fuerc: Fer-
Toce; Iberet; Pildoras Ferrug Sanatori: Tardyferon: Switz.: Actifer-
& Nne; Actiferrine-F; Fero-Folic-500; gyvno-Tardyferon: infa-
Tardyferont; Kendural: Résoféran fol B+: Tardyferon: UK: Bidor:
1: Ditemic: Fefol: Fefol Z: Fefol-Vit; Feospan Zt: Feravolt:
grad Folic: Fesovit Z: Fesovitt: Folicint; Fortespan: Irofol
Ct: Tronorm, Tronplant: Pregnavite Forte F; Slow-Fe Folic: USA:
'qua Ban Plus; Fero-Folic-500: Generet: Gerivites: Iberet: Iberel-
Folic-500; Multibret Hematinic: Multibrei-Folic: Reticulex*.
=

g TR

X
ﬁé{?ous tartrate is employed for iron-deficiency
(AMaemia. It is given by mouth in doses of upto 1 g
Saily (equivalent ta up to 224 mg of iron daily).

X a discussion of iron-deficiency anaemia and its
g’s‘?nem, see p.747; for further discussion of iron
Its dosage, see p.1368.

&L

RC Symbol + denotes a preparation no longer actively

Folic Acid gseon

Folic acid is a member of the vitamin B group
which is essential for DNA synthesis and some
amino-acid conversions and is involved in formate
metabolism. Deficiency may result in megaloblast-
ic anaemia. It is given by mouth for folate deficien-
cy states, and also has a role in the prevention of
neural tube defects. It should not be given for un-
diagnosed megaloblastic anaemia that may be due
to vitamin B, deficiency, since it may mask contin-
uing neurological degeneration.

Folic Acid (BAN, rANN).
Acidum Folicum; Folacin; Folinsyre; PGA; Preroylglutamic
Acid; Preroylmonogiutamic Acid. N-[4-(2-Amino-4-hydrox-
ypteridin-6-yimethylamino)benzoyl}-i(+)-glutamic acid.

CisH gN; O = 441 4.

CAS — 59-30-3 (folic acid); 6484-89-5 (sodium folate).
Phormacopoeios. In Aust, Belg., Br, Chin, Cz., Eur, Fr, Ger,
Hung., int., It Jpn, Neth., Port., Swiss, and US.

The standards of Ph. Eur. apply to those countries that are par-
ties to the Convention on the Elaboration of a European Phar-
macopoeia, see p.xiii.

A vellow to orange brown, odourless or almost odourless
crystalline powder.

BP solubilities are: practically insoluble in water and most
organic solvents, USP solubilities are: very slightly soluble in
water. insoluble in alcohol, acetone, chloroform, and ether. It
readily dissolves in dilute solutions of alkali hydroxides and
carbonates; soluble in hydrochloric acid and suiphuric acid.
The USP injection has a pH of 8 to 11. Protect from light,
Stability in solution. A review of the compatibility and sta-
bility of components of total parenteral nutrition solutions
when mixed in 1- or 3-litre fiexible containers.’ Folic acid has
been reported to precipitate in some proprietary amino acid
solutions and in the presence of high concentrations of calci-
um ions, but it appears to be stable and remain in solution
provided the pH remains above 5. There have also been re-
ports of folic acid being absorbed by the polyvinyl chloride
container and administration set; however other studies have
not substantiated such observations.

j. Allwood MC. Compatibility and stability of TPN mixiures in
big bags. J Clin Hosp Pharm 1984: 9: 181-98.

Adverse Effects

Folic acid is generally well tolerated. Gastro-intesti-
nal disturbances may occur. Hypersensitivity reac-
tions have been reported rarely.

Precautions

Folic acid should never be given alone or in con-
junction with inadequate amounts of vitamin B, for
the wreatment of undiagnosed megaloblastic anae-
mia, since folic acid may produce a haematopoietic
response in patients with a megaloblastic anaemia
due to vitamin B, deficiency without preventing
aggravation of neurological symptoms. This mask-
ing of the true deficiency state can lead to serious
neurological damage. such as subacute combined
degeneration of the cord.

Caution is advised in patients who may have foiate-
dependent tumours.

Interactions. Folate status may be affected by a number of
drugs and anticonvulsants, oral contraceptives. antitubercu-
tous drugs. alcohol. and folic acid antagonists including ami-
nopterin. methotrexate, pyrimethamine, trimethoprim, and
sulphonamides have all been said to produce folate deficiency
states.! The authors of this review discuss possible mecha-
nisms responsible for the folate deficiency and assess the clin-
ical significance concluding that in some instances, such as
during methotrexate or anticonvulsant therapy. replacement
therapy with folic acid may become necessary in order to pre-
vent megaloblastic anaemia developing.
Anticonvulsant-associated folate deficiency is discussed fur-
ther under phenytoin, p.381.

1. Lambie DG. Johnson RH. Drugs and folate metabolism. Drugs
1085: 30: 145-55.

Pharmacokinetics

Folic acid is rapidly absorbed from normal diets,
mainly from the proximal part of the small intestine,
and is distributed in body tissues. The principal stor-
age site is the liver: itis also actively concentrated in
the cerebrospinal fluid. Dietary folates are stated to
be less well absorbed than crystalline folic acid. The
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naturally occurring folate polyglutamates are large-
ly deconjugated and reduced prior to absorption but
once absorbed, folic acid is reconverted via dihydro-
folate to tetrahydrofolate and conjugated within the
cells to form active polyglutamates. It is the 5-meth-
yltetrahydrofolate which appears in the portal circu-
lation, where it is extensively bound to plasma
proteins.

There is an enterohepatic circulation for folate;
about 4 to 5 ug is excreted in the urine daily. Admin-
istration of larger doses of folic acid leads to propor-
tionately more of the vitamin being excreted in the
urine. Folate is distributed into breast milk.

Human Requirements

Body stores of folate in healthy persons have been
reported as being between 5 to 10 mg, but may be
much higher. About 150 to 200 ug of folate a day is
considered a suitable average intake for all healthy
persons except women of child-bearing potential
and pregnant women who require additional folic
acid to protect against neural tube defects in their
offspring (see below). Folate is present, chiefly com-
bined with several L(+)-glutamic acid moieties, in
many foods, particularly liver, kidney, yeast, nuts,
and leafy green vegetables. The vitamin is readily
oxidised to unavailable forms and is easily de-
stroyed during cooking.

In the United Kingdom dietary reference values (see p.1352)
have been published for folate! and in the United States rec-
ommended daily allowances have been set.? Differing
amounts are recommended for infants and children of varying
ages, for adult males and females, and for pregnant and lactat-
ing women. The special folate requirements to protect against
neural tube defects are discussed below. In the UK the refer-
ence nutrient intake (RNI) for adult males and females is
200 pg daily and the estimated average requirement (EAR) is
150 pg daily. In the USA the aliowances published have also
recognised that diets containing lower amounts of folate
maintain an adequate status and thus the allowance has been
set a1 200 pg for adult males and 180 pg for adult females.
Folate requirements are increased during pregnancy, appar-
ently due to increased metabolic breakdown of folate rather
than foetal transfer:’ an RNT of 300 g daily has been suggest-
ed for pregnant women in the UK and an RDA of 400 ug daily
in the USA. However, McPantlin and colleagues have sug-
gested from a study in 6 pregnant women that these figures
are toa low, and that intakes of about 450 10 650 ug daily
might be more appropriate.® Interestingly, in the light of re-
cent confirmation of the value of folate in preventing neural
tube defects, it is now recommended that women planning a
pregnancy receive a total daily intake of about 600 ug daily.
before conception and during the first trimester, which would
go some way towards supplying this increased amount.

A number of authorities in the UK and USA have advocated

folic acid supplementation of bread or fiour to increase the

intake in women of childbearing age.*” However. there re-
mains some debate over the appropriateness of such action.
and the risks of masking underlying vitamin B,, deficiency.®*

. DoH. Dietary reference values for food energy and nutrients for
the United Kingdom: report of the panel on dietary reference
values of the commitiee on medical aspects of food policy. Re-
port on health and social subjects 41. London: HMSO. 1991,

. Subcommiitee on the tenth edition of the RDAs, Food and Nu-
trition Board. Commission on Life Sciences. National Research
Council. Recommended dieiary aliowances. 10th ed. Washing-
1on, DC: National Academy Press, 1989.

. McPartlin J. er al. Accelerated folate breakdown in pregnancy.
Lancer 1993; 341: 148-9.

. DoH. Folic acid and the prevention of neural 1ube defects: re-

port from an expert advisory group. London: Deparument of

Health, 1992.

Committee on Genetics of the American Academy of Pediat-

rics. Folic acid for the prevention of neural tube defects. Pedi-

arrics 1993: 92: 493-4.

Schorah CJ, Wild J. Fortified foods and folate intake in women

of child-bearing age. Lancer 1993; 341: 1417.

. Sutcliffe M. er al. Prevention of neural tube defects. Lancer
1994 344: 1578.

. Horton R. Fighting about folate. Lancer 1994; 344: 1696.

Wald NJ, Bower C. Folic acid. pernicious anaemia. and preven-
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Uses and Administration

Folic acid is a member of the vitamin B group. Foli
acid is reduced in the body to tetrahydrofolate
which is a coenzyme for various metabolic process
es including the synthesis of purine and pyrimidin
nucleotides. and hence in the synthesis of DNA: iti
also involved in some amino-acid conversions, an
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Monsel's solution-induced artifact in the uterine cervix.
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We documented and quantified Monsel's ion-related artifacts after
cervical biopsies. All loop electrosurgical cone biopsy specimens over a
3-month period were reviewed for necrosis artifact of the surface
epithelium. The degree of change was quantified and correlated with the
_antecedent use of Monsel's solution. Twenty-four cone biopsy specimens
were evaluated. Three of the eight cone biopsy specimens obtained fewer
than 10 days after the use of Monsel's solution showed definite changes.
Between 10 and 18 days after the use of Monsel's solution, four of eight
specimens showed change. After 18 days, none of eight specimens showed
change. One specimen at 18 days showed focal changes that seemed to be
related to the use of an unusually large amount of Monsel's solution,
because the patient had had six biopsies within 2 days. The routine use of
_Monsel's solution may interfere with the ability to recognize and
characterize disease process in cone biopsy specimens when the cone
procedure is done within 3 weeks after the use of Monsel's solution.
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Practice Tips

Donna P Manca, My, corp

Stopping cervical bleeding

Indications
This technique can be used for controlling cervical
bleeding from a biopsied site. Occasionally, women
present to me with bleeding after cervical biopsy or
laser (reatment for abnormal Pap smears. When they
do present, bleeding is usually minimal and seltles
with watchful waiting. Occasionally a low-grade: infec-
tion requires antibiotic treatment. On two nceasinns in
my practice, bleeding was excessive and persistent
after cervical biopsy or laser or loop excision.
Examination of the cervix revealed an oozing injured
site. | was able to stop the bleeding by applying
Monsel's solution (20% ferric subsulfate) to the cervix.
This method is contraindicated when bleeding is
from inside the os cervix or when excessive hemorr-
haging requires further intervention.

Procedure

With ringed forceps and yauze, dab the cervix 1o iden-
tify the site of bleeding. Then, using ringed forceps
with 2x 2 gauze soaked in Monsel's solution, apply the
solution directly to the bleeding site.

Discussion
The women I treated were discharged with no further
complications or complaints.

Upon reviewing the literature, I found that
Monsel's solution is often used in gynecologic oncolo-
gy for bleeding from cervical and vaginal biopsies.
One report' described a brownish vaginal discharge
that appeared several days after the application of
Monsel's when a vaginal pack soaked in Monscl's had
heen used. Monsel's solution is recommended over
sutures after cold-knife conization in studies compar-
ing these twu methods of hemostasis.*® Monsel's solu-
{ion also has been used in examining the vagina for
papilloma virus and neoplasia.*

T FY T P IR T L N R L L LT TR L Y TP TT R Y PRT P ppaaes

I could find no information in the literature on
adverse effects for future Pap smears. Necrosis arti-
fact could appear if cervical biopsy is performed with-
in 3 weeks after application of Monsel's solution.”
Monsel's solution appears to be a safe method for con-
trolling cervical bleeding in this situation. Be aware
that biopsies done within 3 weeks of using Monsel's
solulion can show artifucis, -
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We encourage readers to share some of their
practice experience: the neat hittle tricks that
solve difficult clinieal sitnations. Canadian
Family Physician will pay SH0 10 authors upon
publication of their pravtice tips.
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Dr Manca, a Fellow of the College, practises family medicine in Edmontos.
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INGREDI AME:

HYDRAZ FATE

B. Chemical Name:

Hydrazinium Sulfate, Hydrazonium Sulfate

C. Common Name:

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

the ingredient:

(Specifications) (Results)
Assay: 99.0% min. 99.3%

E. Information about how the ingredient is supplied:

White Crystalline Powder

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

USP 23, Indian Pharmacopeia 3™ Ed.

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

Gold, J. Use of Hydrazine Sulfate in terminal and Preterminal Cancer patients: results of
investigational new drug (IND) study in 84 valuable patients. Oncology. 1975; 32(1): 1-
10

Chlebowski, R. T., Bulcavage, L., and Grosvenor, M. Hydrazine Sulfate in Cancer
patients with weight loss. A placebo-controlled clinical experience. Cancer. 1987, 59(3):
406-410.

Bairam, A. Theophylline versus caffeine: comparative effects in treatment of idiopathic
apnea in the preterm infant. J. Pediatr.1987; 110:636.



Eisenberg, M. G. and Kang, N. Stability of citrated caffeine solutions for injectable and
external use. Am. J. Hosp. Pharm. 1984;41:2405.

H. Information about dosage forms used:

I. Information about strength:

60mg, 3 times/d
J. Information about route of administration:
Orally

K. Stability data:

Melts at about 254°
Oxidizing Agents
Bases

L. Formulations:

M. Miscellaneous Information:
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CERTIFICATE OF ANALYSIS So-§7
L T ¥ yq35c
PRODUCT: HYDRAZINE SULFATE REAGENT GRADE: A.C.S.
RELEASE #: N Lor # :L609141 CODE:G61024
SPECIFICATIONS RESULT
1. DESCRIPTION WHITE CRYSTALLINE POWDER [~ CONFORMS
— . ‘\ .
2. Identirfication To pass test passes test
3. Residue on Ignition 0.05% max. 0.01%
4 Insoluble matter 0.005% max. 0.0025%
5. Assay 99.0% min. 99.3% 19,
- ' e o—_—
6 Heavy Metals 0.002% max. < 0.001%
7. Chloride 0.005% max. . 0.002%
8. Iron 0.001% max. < 0.0003%

ATTENTION: TONY HATCHETT

Date :04/09/97 Prepared by : A. HAZART

10690 Approved by :



QUALITY CONTROL REPORT

CHEMICAL NAME. :HYDRAZINE SULFATE A.C.S.REAGENT

MANUFACTURE LOT NO.:609141

PHYSICAL TEST
SPECIFICATION TEST STANDARD.:USP__/BP__/MERCK__/NF__/MART.__/CO.SPECS.__.

1)DESCRIPTION. :
WHITE TO ORTHORHOMBIC CRYSTALS.GLASS-LIKE PLATES OR PRISMS.

2) SOLUBILITY.:
SOLUBLE IN ABOUT 33 PARTS OF COLD WATER;FREELY SOLUBLE IN HOT
WATER.INSOLUBLE IN ALCOHOL.

3)MELTING POINT.:
MELTS AT ABOUT 254 degree. &

4) SPECIFIC GRAVITY.:

5) IDENTIFICATION. :
A)A SOLUTION RESPONDS TO THE TESTS FOR SULFATE.

PASSES.: FAILS.:

COMMENTS. :

ANALYST SIGNATURE.: DATE. :
PREPACK TEST.: DATE. : INITIAL. :

e ttt—————

RETEST. : DATE. : INITIAL. :
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Hydrazine Sulfate

rxx* MATERIAL SAFETY DATA SHEET **#**

Hydrazine Sulfate
11070

**%4 SECTION 1 - CHEMICAL PRODUCT AND COMPANY IDENTIFICATION ****

MSDS Name: Hydrazine Sulfate
Catalog Numbers:

H320 500, H320-500, H320500
Synonyms :

Company Identification: Fisher Scientific
1 Reagent Lane
Fairlawn, NJ 07410
For information, call: 201-796-7100
Emergency Number: 201-796-7100
For CHEMTREC assistance, call: B00-424-9300
For International CHEMTREC assistance, call: 703-527-388

7

9 Diamine Sulfate; Hydrazine Monosulfate; Hydrazinium Sulfate.

**kx SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS

| 10034-93~2 |HYDRAZINE SULFATE

o Ao
Hazard Symbols: T
Risk Phrases: 23/24/25 43 45

-+
I
I
}

+

%%+ SECTION 3 - HAZARDS IDENTIFICATION *#***

EMERGENCY OVERVIEW
Appearance: white.

Danger! Corrosive. Carcinogen. May be harmful if swallowed.
Sensitizer. May cause lung damage. May cause severe eye irritation
and possible injury. May cause liver and kidney damage. May cause
severe skin irritation and possible burns. May cause severe
respiratory and digestive tract irritation with possible burns. May
cause cancer based on animal studies. Material is shock sensitive and

potentially explosive.

Target Organs: Blood, kidneys, central nervous system, liver.

S Potential Health Effects
; ’ Eye:
Contact with eyes may cause severe irritation,
burns. May cause eye injury.
Skin:

May cause skin sensitization, an allergic reaction,

*

* k

and possible eye

which becomes
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Hydrazine Suifate

evident upon re-exposure to this material. May cause severe skin
irritation with possible burns, especially if skin is wet or moist.

Ingestion:
May cause liver and kidney damage. May cause severe digestive tract
irritation with abdominal pain, nausea, vomiting and diarrhea. May
cause corrosion and permanent tissue destruction of the esophagus and
digestive tract. Exposure may cause anemia and other blood
abnormalities. May be harmful if swallowed.

Inhalation:
Irritation may lead to chemical pneumonitis and pulmonary edema. May
cause liver and kidney damage. May cause severe irritation of the
upper respiratory tract with pain, burns, and inflammation. May cause
effects similar to those described for ingestion.

Chronic:
Prolonged or repeated skin contact may cause sensitization
dermatitis and possible destruction and/or ulceration. May cause
liver and kidney damage. May cause cancer according to animal
studies. May cause digestive tract disturbances.

**%* 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. 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.

Antidote:
No specific antidote exists.

*k*%* SECTION 5 - FIRE FIGHTING MEASURES ****

General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. Dusts at sufficient concentrations can form
explosive mixtures with air. Combustion generates toxic fumes.
Material is shock sensitive and potentially explosive, Greatly
increases the burning rate of combustible materials. Violently
decomposes when heated under confinement.

Extinguishing Media:
For small fires, use water spray, dry chemical, carbon dioxide or
chemical foam.

Autoignition Temperature: Not applicable.

Flash Point: Not applicable.

NFPA Rating: Not published.

Explosion Limits, Lower: Not available.

Upper: Not available.

*% 4% SECTION 6 - ACCIDENTAL RELEASE MEASURES ***+*

General Information: Use proper personal protective equipment as indicated
in Section 8.
Spills/Leaks:
Sweep up, then place into a suitable container for disposal. Avoid
generating dusty conditions.

**%% SECTION 7 - HANDLING and STORAGE ****

Handling:
Wash thoroughly after handling. Remove contaminated clothing and

Page 2 of 6



Hydrazine Sulfate Page 3 of 6

wash before reuse. Use with adequate ventilation. Minimize dust
generation and accumulation. May form flammable dust-air mixtures.

5‘"\ Loosen closure cautiously before opening. Do not get on skin and
clothing. Empty containers retain product residue, (liquid and/or
vapor), and can be dangerous. Do not ingest or inhale. Avoid
mechanical shock and friction. Do not pressurize, cut, weld, braze,
solder, drill, grind, or expose empty containers to heat, sparks or
open flames.

Storage:
Keep away from heat, sparks, and flame. Do not store near
combustible materials. Store in a tightly closed container. Store in
a cool, dry, well-ventilated area away from incompatible substances.
***+ SECTION 8 - EXPOSURE CONTROLS, PERSONAL PROTECTION ****
Engineering Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control airborne levels.
Exposure Limits
Fo e e i e T o e Fommm e +
| Chemical Name [ ACGIH ! NIOSH |OSHA - Final PELs|
e it [ [=mmmmm e - {
| HYDRAZINE SULFATE |none listed fnone listed fnone listed }
oo e e e o R et +
OSHA Vacated PELs:
HYDRAZINE SULFATE:
No OSHA Vacated PELs are listed for this chemical.
Personal Protective Egquipment
Eyes:
— Wear appropriate protective eyeglasses or chemical
i safety goggles as described by OSHA's eye and face
protection regulations in 29 CFR 1910.133.
Skin:
Wear appropriate protective gloves to prevent skin
exposure.
Clothing:
Wear appropriate protective clothing to prevent skin
exposure.
Respirators:
Follow the OSHA respirator regulations found in 29CFR
1910.134. Always use a NIOSH-approved respirator when
necessary.
ktkk SECTION 9 - PHYSICAL AND CHEMICAL PROPERTIES ****
Physical State: Solid
Appearance: white
Odor: None reported.
pH: 1.3 (0.2M solution)
Vapor Pressure: Negligible.
Vapor Density: Not applicable.
Evaporation Rate: Negligible.
Viscosity: Not available.
Boiling Point: Not available.
Freezing/Melting Point: 489 deg F
Decomposition Temperature: Not available.
Solubility: Soluble in water.
Specific Gravity/Density: 1.4 (water=1)
Molecular Formula: H4AN2.H2504
Molecular Weight: 130.12
*k%k SECTION 10 - STABILITY AND REACTIVITY ****

Chemical Stability:
Stable under normal temperatures and pressures. Substance is shock
sensitive and thermally unstable.

Conditions to Avoid:
Mechanical shock, incompatible materials, temperatures above 160*C.



Hydrazine Sulfate

Incompatibilities with Other Materials:
Oxidizing agents, combustible materials, sodium amide.

azardous Decomposition Products:

Nitrogen oxides, carbon monoxide, oxides of sulfur, carbon dioxide.

Hazardous Polymerization: Has not been reported.

RTECS#:

% k% SECTTION 11 - TOXICOLOGICAL INFORMATION ****

CAS# 10034-93-2: MV9625000

LD50/LCS
CAS
601

0:
# 10034-93-2: Oral, mouse: LD50 = 740 mg/kg; Oral, rat: LDS50 =
mg/kg.

Carcinogenicity:

HYDRAZ
Cal

INE SULFATE -
ifornia: carcinogen
NTP: Suspect carcinogen
OSHA: Possible Select carcinogen

Epidemiology:
Oral and intraperitoneal administration of hydrazine salts t
o animals have produced lung and liver carcinomas.
Teratogenicity:
No information available.
Reproductive Effects:
No information available.
Neurotoxicity:
No information available.
Mutagenicity:
Please refer to RTECS# MV9625000 for specific information.
Other Studies:
Skin irritation, guinea pig: slight. Eye irritation, rabbit:
severe.

%%+ SECTION 12 - ECOLOGICAL INFORMATION ****

Ecotoxicity:

No information available.
Environmental Fate:

No information reported.
Physical/Chemical:

No information available.

Other:

None.

Dispose of in
RCRA D-Series
RCRA D-Series

RCRA F-Series:
RCRA P-Series:
RCRA U-Series:

Not listed as

US DOT

*k%% SECTION 13 - DISPOSAL CONSIDERATIONS ****

a manner consistent with federal, state, and local regulations.
Maximum Concentration of Contaminants: Not listed.
Chronic Toxicity Reference Levels: Not listed.
Not listed.
Not listed.
Not listed.
a material banned from land disposal according to RCRA.

*%*% SECTION 14 - TRANSPORT INFORMATION ****

Shipping Name: CORROSIVE SOLID,ACIDIC, INORGANIC,N.O.S.

(HYDRAZINE SULFATE)

Hazard Class: 8

UN Number: UN3260

Packing Group: II

MO

No
IATA

No
RID/ADR

No

information available.
information available.

information available.

Canadian TDG
Shipping Name: CORROSIVE SOLIDS NOS (HYDRAZINE SULFATE)
Hazard Class: 8(9.2)

UN Number: UN1759

Page 4 of 6
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*k%x% SECTION 15 ~ REGULATORY INFORMATION ***+

US FEDERAL
TSCA
CAS# 10034-93-2 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
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.
SARA Codes
CAS # 10034-93-2: acute, chronic, reactive.
Section 313
This material contains HYDRAZINE SULFATE (CAS# 10034-93-2,
>99%) ,which is subject to the reporting requirements of Section 313
of SARA Title III and 40 CFR Part 373.
Clean Air Act:
This material does not contain any hazardous air pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.
Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the CWA.
None of the chemicals in this product are listed as Toxic Pollutants
under the CWA.
QSHA:
None of the chemicals in this product are considered highly hazardous
by OSHA. .
STATE
HYDRAZINE SULFATE can be found on the following state right to know
lists: New Jersey, Florida, Pennsylvania, Minnesota, Massachusetts.
The following statement (s) is{(are) made in order to comply with
the California Safe Drinking Water Act:
WARNING: This product contains HYDRAZINE SULFATE, a chemical known to
the state of California to cause cancer.
California No Significant Risk Level:
CAS# 10034-93-2: no significant risk level = 0.2 ug/day
European/International Regulations
Eurcpean Labeling in Accordance with EC Directives
Hazard Symbols: T
Risk Phrases:
R 23/24/25 Toxic by inhalation, in contact with skin
and if swallowed.
R 43 May cause sensitization by skin contact.
R 45 May cause cancer.
Safety Phrases:
S 44 If you feel unwell, seek medical advice (show
the label where possible).
S 53 Avolid exposure - obtain special instructions
before use.
WGK (Water Danger/Protection)
CAS# 10034-93-2:
Canada
CAS# 10034-93-2 is listed on Canada's DSL/NDSL List.
This product has a WHMIS classification of D2A, E.
CAS# 10034-93-2 is not listed on Canada's Ingredient Disclosure List.
Exposure Limits

*%%% SECTION 16 ~ ADDITIONAL INFORMATION ****

MSDS Creation Date: 9/22/1995 Revision #3 Date: 9/02/1997
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The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits
or any special, indirect, incidental, consequential or exemplary

damages, howsoever arising, even if Fisher has been advised of

the possibility of such damages.
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2016 Reagent Specifications / Reagents

Spectral purity—Measure in a I-cm cell at 300 nm, with a
suitable spectrophotometer, against air as the blank: its absorb-
ance is not more than 0.08.

Hexanes (suitable for use in ultraviolet spectrophotometry);
usually a mixture of several isomers of hexane (C4H,,), predom-
inantly n-hexane, and methylcyclopentane (CgH,,)—Use ACS
reagent grade.

Hexanitrodiphenylamine (Dipicrylamine), C;,H;N;0;;—
439.21— Yellow-gold powder or prisms. Explosive. Usually con-
tains about 15% of water as a safety precaution. Insoluble in
water, in alcohol, in acetone, and in ether; soluble in glacial acetic
acid and in alkalies.

Water, Method [ {921): not more than 16%.

Hexanophenone, C;,H,,0—176.26—Yellow liquid.

Assay—Inject an appropriate specimen into a suitable gas
chromatograph (see Chromatography (621)) equipped with a
flame-ionization detector, helium being used as the carrier gas.
The following conditions have been found suitable: a 30-m X
0.25-mm capillary column coated with a 1-um layer of phase G3;
the injection port temperature is maintained at 280°; the detector
temperature is maintained at 300°; the column temperature is
maintained at 180° and programmed to rise 10° per minute to
280°. The area of the C;H,0 peak is not less than 98% of the
total peak area.

Refractive index (831): 1.511 % 0.002 at 20°.

Hexokinase and Glucose-6-phosphate Dehydrogenase Suspen-
sion—Use a suitable grade.!

Suitability—When used in the assay of lactulose, determine
that a suitable absorbance-versus-concentration slope is obtained,
using USP Lactulose RS, the reagent blank absorbance being
not more than 0.020.

Histamine Dihydrochloride, CsHoN;3- 2HCl—184.07-—Use USP
Histamine Dihydrochloride RS.

Hydrazine Hydrate, 85% in Water, (NH,),-
Colorless liquid.

Assay—Transfer 600 mg, accurately weighed, to a 100-mL
volumetric flask. Dilute with water to volume, and mix. Pipet
10 mL into a suitable beaker, add 1.0 g of sodium bicarbonate
and 50.0 mL of 0.1 N iodine VS. Titrate the excess iodine with
0.1 N sodium thiosulfate VS, using starch TS as the indicator.
Perform a blank determination, and make any necessary correc-
tion. Each mL of 0.1 IV iodine is equivalent to 12.52 mg of
(NH3),;-H,0. Not less than 83% is found.

Hydrazine Dihydrochloride, (NH,);- 2HCI—104.97—White
powder.

Assay—Dissolve about 34 mg, accurately weighed, in 50 mL
of water. Add carefully while stirring, | g of sodium bicarbonate.
[Caution—There may be a rapid evolution of carbon dioxide.]
Titrate with 0.1 N iodine solution, determining the endpoint po-
tentiometrically. Perform a blank determination, and make any
necessary corrections. Each mL of 0.1 & iodine solution is equiv-
alent to 2.63 mg of (NH,),-2HCI. Not less than 98% is found.

H,0—50.06—

F drazine Sulfate, (NHy),-H,S0,—130.13—Use ACS re-
ageﬁ‘t grade.

Hydriodic Acid, HI—127.91—Use ACS reagent grade (con-
taining not less than 47.0% of HI).

NOTE—For Methoxy Determination (se¢ (431)), use hy-
driodic acid that is labeled “for alkoxyl determination,” or that
is purified as directed under Methoxy Determination (431). Use
this grade also for alkoxyl determinations in assays in the indi-
vidual monographs.

Hydrochloric Acid, HC1—36.46—Use ACS reagent grade.

Hydrochloric Acid, Diluted (10 percent)—Prepare by mixing
226 mL of hydrochloric acid with sufficient water to make 1000
mL.

Hydrofluoric Acid, HF—20.01—Use ACS reagent grade.

Hydrogen Peroxide, 30 Percent, H,0,—34.01—Use ACS re-
agent grade.

Hydrogen Peroxide Solution—Use Hydrogen Peroxide Topi-
cal Solution.

Hydrogen Sulfide, H,S—34.08—Colorless, poisonous gas,
heavier than air. Soluble in water. Is generated by treating fer-

USP:y

rous sulfide with diluted sulfuric or diluted hydrochloric a‘-:id
Other sulfides yielding hydrogen sulfide with diluted acids ma’
be used. Is also available in compressed form in cylinders. i

Hydrogen Sulfide Detector Tube—A fuse-sealed glass tube,°
designed that gas may be passed through it and containing suj,
able absorbing filters and support media for the mdlcator ‘ht
latter consisting of a suitable lead salt.

NOTE—A suitable detector tube that conforms to the mopg
graph specification is available from National Draeger, Inc., Pg
Box 120, Pittsburgh, PA 15230-0120 as Reference Number’ 3]
15001, Measurmg Range 1 to 20 ppm. Tubes having conditiog
other than those spccxﬁed in the monograph may be used:y
accordance with the section entitled Tests and Assays in tbe
General Notices. an

Hydroquinone, C¢H4(OH);—110.11—Fine, colorless or whnc,
needle crystals. Darkens on exposure to air and light. Solublg
in water, in alcohol, and in ether.

Assay~—We1gh accurately about 250 mg, and dissolve m.
mixture of 100 mL of water and 10 mL of 0.1 NV sulfuric acjg
in a 250-mL conical flask. Add 3 drops of a 1 in 100 solutigg
of diphenylamine in sulfuric acid, and titrate with 0.1 N cer
sulfate VS until the solution is red-vmlel in color. Each mLig
0.1 N ceric sulfate is equivalent to 5.506 mg of C¢H4(OH),. Not
less than 99% is found.

Melting range {741): between 172° and 174°.

3’-Hydroxyacetophenone, C3H3O,—136.15—Light brown
powder chips and chunks. Melts at about 96°. Sparingly soluble
in chloroform, yielding a clear, light yellow solution. W

Assay—Inject an appropriate specimen into a suitable gas
chromatograph (see Chromatography (621)) equipped with :
flame-iomzation detector, helium being used as the carrier gas.
The following conditions have been found suitable: a 0.25-mm
X 30-m capillary column coated with G1; the detector and the
injection port temperature are maintained at 300°; the colum
temperature is maintained at 180° and programmed to rise 1(°
per minute to 280° and held at that temperature for 10 minutes
The area of the main peak is not less than 97% of the total peak

area. X
4’-Hydroxyacetophenone, HOC;H,COCH;—136. lS——Gr;'y
powder, melting at about 109°. i

DL
p-Hydroxybenzoic Acid, C;HsO;—138.12—White crystals.:
Assay—Transfer about 700 mg, accurately weighed, to a suit:
able container, and dissolve in 50 mL of acetone. Add 100 mL
of water, mix, and titrate with 0.5 ¥ sodium hydroxide VS, de
termining the endpoint potentiometrically. Perform a blank de
termination, and make any necessary correction. Each mL of 0.5
N sodium hydroxnde is equivalent to 69.06 mg of C;HO5: not
less than 97% is found.

Melting range (741): over a range of 2° that includes 216°

4-Hydroxybenzoic Acid Isopropyl Ester, HOC6H4COOCH
(CH,);—180.20—Use a suitable grade.3?
Melting range (741): between 84° and 87°. "’P

1-Hydroxybenzotriazole Hydrate, C;HsN,O- xH10~—135 lJ
(anhydrous)—White crystalline powder. Sparingly soluble in ak
cohol yielding a clear, pale yellow solution. ey

2-Hydroxybenzyl Alcohol, C;H;0;—124.14—Off-white flakes.
Very soluble in alcohol, in chloroform, and in ether soluble i
15 parts water and in benzene. A

Assay—Inject an appropriate specimen into a gas chromate
graph (see Chromatography (621)), equipped with a flame-ior
ization detector, helium being used as the carrier gas. The fob
lowing conditions have been found suitabie: a 0.25-mm X 30-m
capillary column coated with a 1-um layer of phase G2; the i
jection port temperature is maintained at 250°; the detector ten*
perature is maintained at 300°; and the column temperature i
maintained at 150° and programmed to rise 10° per minute %
280°. The area of the C;HgO; peak is not less than 99% of the
total peak area.

Melting runge (741): between 83° and 85°.

4-Hydroxyisophthalic Acid, CgH,0,—182. 13—~Colorless
branched needles. Freely solubie in alcohol and in ether.

Melting range (T41): between 314° and 315°, with decom
position.
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REAGENTS AND SOLUTIONS

A fraction from petroleum containing about 90 per cent
of n-hexane.

DESCRIPTION - Colourless, mobile, highly flammable
liquid.

DISTILLATION RANGE - Not less than 95 per cent, distils
between 67° and 70°, Appendix 5.3.

WT. PER ML - At 20°, 0.670 to 0.677 g, Appendix 5.19.

NON-VOLATILE MATTER — When evaporated on a water-bath
and dried to constant weight at 105°, leaves not more than
0.01 per cent w/v of residue.
Histamine Acid Phosphate
Of the Indian Pharmacopoeia.

Histamine Dihydrochloride : C;HoN;,2HCl = 184.07
DESCRIPTION — White crystalline powder.

SOLUBILITY - Freely soluble in water and in methyi alco-
bol; soluble in alcohol.

MELTING POINT - About 250°, Appendix 5.11.

pi-Histidine Monohydrochloride
N:CH.NH.CH:C.CH,;.CH(NH;). COOH,HC! = 191.62
]

Contains not less than 99.0 per cent of CsHyN;0,,HCL. cal-
culated with reference 1o the substance dried to constant
weight at 105°.

DESCRIPTION - White, crystalline powder.
SOLUBILITY - Soluble in water.

LOSS ON DRYING - Loses not more than 9.0 per cent of its
weight, when dried to constant weight at 105°, Appendix
5.8.

SULPHATED ASH - Not more than 0.1 per cent, Appendix
3.2.7.

ASSAY - Carry out the method for the determination of
nitrogen, Metbod A, Appendix 3.3.5, using 0.15 gand 7
ml of nitrogen-free sulphuric acid. Each ml of 0.1 N sul-
phuric acid is equivalent to 0.00639 g of CiHN,O,, HCL
Holmium Oxide : H0203 =377.86

DESCRIPTION — A yellow solid.

SOLUBILITY — Practically insoluble in water.

Holmium Perchlorate Solution

A 5 per cent wyv soivrion of bolmium oxide in 1.4 M
perchloric acid.

drazine Hydrate : NH,.NH, H,0 =50.06

DESCRIPTION — Clear, colourless liquid with an ammonia-
cal odour.

SOLUBILITY ~ Miscible with water.

WT. PER ML - 1.03 g, Appendix 5.19.

ydrazine Sulphate : NH,.NH,,H,50, = 130.12
Contains not less than 99.0 per cent of N,H¢SO,.

lfmsscmmon - White, crystalline powder.
iute, crystaliine powder.

SOLUBILITY - Freely soluble in water; practically insoluble
in alcobol.

MELTING POINT — About 254°, Appendix 5.11.

CHLORIDE - 1 g complies with the limit test for chlorides,
Appendix 3.2.2.

IRON - 1 g complies with the /imit test for iron, Appendix
3.2.5.

SULPHATED ASH - Not more than 0.05 per cent, Appendix
3.2.7.

AsSAY — Weigh accurately about 0.1 g and dissolve in 20
ml of water. Add 3 g of sodium bicarbonate and titrate
with 0.1IN iodine, using starch solution as indicator.
Each ml of 0.1N iodine is equivalent 10 0.003253 g of
NIH(,SO‘. A

Hydriodic Acid : HI=127.91

Constant-boiling hydriodic acid contains 55.0 per cent
w/w of HI (limits, 54.0 to 56.0).

DESCRIPTION — Almost colourless liquid when freshly
made, but rapidly becoming yellow to brown owing to
the liberation of iodine.

SOLUBILITY - Miscible in all proportions with water and
with alcobol.

BOILING POINT — About 127°, Appendix 5.3.

WT. PER ML - At 20°, about 1.7 g, Appendix 5.19.

CHLORIDE AND BROMIDE - T0 0.2 mi add 15 ml of water, 50
mg of sodium sulphbate, 5 mlof dilute ammonia solution
and 20 ml of 0.1 N silvernitrate, shake and filter; to the fil-

. trate add 10 ml of dilute nitric acid. The opalescence pro-

duced is not greater than the standard opalescence ob-
tained in the limit test for chlorides, Appendix 3.2.2.

SULPHATE - Dilute 1 ml with 50 mi of waterand add 1 ml
of barium chloride solution. The wrbidity produced
should not be greater than the standard opalescence ob-
uined in the limit test for sulphates, Appendix 3.2.8.

NON-VOLATILE MATTER - When evaporated on a water-
bath, and dried to constant weight at 105°, leaves not
more than 0.5 per cent w/w of residue.

ASSAY - Weigh accurately about 0.6 g into a stoppered
flask containing about 10 ml of water, dilute with 25 ml of
water and titrate the free iodine with 0.1 N sodium thio-

A-189




PHYSICAL TESTS AND DETERMINATIONS

TABLE 2

Size Kinematic
No. Viscosity Range

‘ (Centistokes)

1 35" o 10
1A : 5 to 30

2 20 10 100
2A o 60 to 300

3 ' 200 1o 1100
3A 600 to 3000
4 2000 to 10,000
- 4A 6000 1o 30,000
s 20,000 t 100,000

350 minimum flow time; 200 minimum flow time for all vther sizes

Volume Bulb C

Inside Diameter Inside Diameter

(ml) of Tube N of Tube R
(£5%) (mm) (mm) (£2%)
0.G4 5.6 28 to 32
0.84 5.6 28 w0 32
1.15 ' 5.6 28 w 3.2
1.51 5.6 28 to 3.2
2.06 5.6 3.7 0 43
2.74 5.6 46 o 5.4
3.70 5.6 46 10 5.4
4.97 5.6 56 w0 6.4

6.76 5.6 68 w0 7.5

s

any time while the flow time is being measured, the deter-
mination must be repeated.

Calculate the kinematic viscosity in centistokes (V)
from the equation:
v= CL.
where
t = time in seconds for the meniscus to fall from
EtoF

C = the constant of the viscometer, determined
by observations on a liquid of known
viscosity.

Method C : (Using the Rotating Viscometer)

The rotating viscometer measures the shearing forces in a
liquid medium placed between two coaxial cylinders one
of which is driven by a motor and the other is caused to
revolve by the rotation of the first. Under these conditions,
the viscosity becomes a measurement of the angle of def-
lection of the cylinder caused to revolve, expressed in
newton metres. '

Metbod—Operate the Rotating Viscometer in accor-
dance with the manufacturer’s instructions and carry
out the determination of viscosity of the liquid being
examined, at the temperature and angular velocity or
shear rate specified in the individual monograph.

~ Calculate the dynamic viscosity (n) in centipoises.
5.19 WEIGHT PER MILLILITRE AND SPECIFIC
GRAVITY
Weight per Millilitre
The weight per millilitre of a liquid is the weight in g of

! ml of a liquid when weighed in air at 25°, unless
otherwise specified.

Method : Select a thoroughly clean and dry pycnometer.
Calibrate the pycnometer by filling it with recently boiled
and cooled water at 25° and weighing the contents.
Assuming that the weight of 1 ml of water at 25° when
weighed in air of density 0.0012 g per ml. is 0.99602 g,
calculate the capacity of the pycnometer. (Ordinary devia-
tions in the density of air from the value given do notaffect
the result of a2 determination significantly). Adjust the
temperature of the substance to be examined, to about 20°
and fill the pycnometer with ir. Adjust the temperature of
the filled pycnometer to 25°, remove any excess of the
substance and weigh. Subtract the tare weight of the
pycnometer from the filled weight of the pycnometer.
Determine the weight per millilitre by dividing the weight
in air, expressed in g, of the quantity of liquid which fills
the pycnometer at the specified temperature, by the capa-
city expressed in ml, of the pvenomerter at the same tempe-
rature.

Specific Gravity

The specific gravity of a liquid is the weight of a given
volume of the liquid at 25° (unless otherwise specified)
compared with the weight of an equal volume of waterat
the same temperature, all weighings being taken in air.

Method : Proceed as described under Wt. per mi. Obtain
the specific gravity of the liquid by dividing the weight of
the liquid contained in the pycnometer by the weight of
watercontained, both determined at 25° unless otherwise
directed-in the individual monograph.
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12831-¢

Hvdrazine Sulphate. /#
< HN0S=1304—

CAS — 302-0;->
phate).

—=~&rystals. Soluble | in about 33 of water, freely
uble in hot water: practically insoluble in alco-
. A 0.2M soiution in water has a pH of 1.3.

Hydrazine sulphate is employed in various indus-
trial processes. It is used in the preparation of
hydrazine hvdrate which is applied after a solu-
tion of platinic chioride for corneal tattooing (see
Chloroplatinic Acid. p.1693).

An account of the successful treatment of industrial
hydrazine poisoning with pyridoxine.— J. K. Kirklin er
al.. New Engl J. Med., 1976, 294, 938.

A report of fatal choroidal melanoma in 2 worker who
had been exposed to hvdrazine for 6 years.— D. M.
Albert and C. A. Puliafito (letter), New Engl. J. Med.,
1977, 296, 634.

The use of hvdrazine sulphate by a laboratory worker
was associaled with the development of a syndrome
similar to systemic lupus erythematosus.— P. J. Duram
and R. A. Harmis (letter), New Engl J. Med., 1980,
303, 584.

A discussion of hvdrazine sulphate as an antincoplastic
ag¢7:nl.-— W. Regelson. J. Am. med Ass., 198C, 243,
337

nvdrazine;; 10034-93-2 (sul-

12832-k

Hydrogen Sulphide. Sulphuretied Hydrogen.
H,S=34.08,

CAS — 7783-064.

A colourless inflammable gas with a characteris-
tic_odour; the intensity of the smell gives no
indication of concentration.

Adverse Effects. Hydrogen sulphide poisoning is a
common industrial hazard and is encountered in
such places as chemical works. mines, sewage
works, and stores of decomposing protein; con-
centrations of 0.1 10 0.2% in the atmosphere may
hg fatal in a few minutes. Pulmonary irritation,
= ema, and respiratory failure usually occur
1 acute poisoning: prolonged exposure 10 low
wuncentrations may give risc o severe conjuncti-
vitis with photophobia and corneal opacity, irrita-
tion of the respiratory tract, rhinits, bronchitis,
stomatitis, pharvngitis, digestive disturbances,
headache, lassitude, and skin rashes. There are
some similarities to poisoning with cvanides.
A discussion of poisoning by hydrogen sulphide — Lan-
cel. 1978, 1. 28. Comments.— A. Downie (letter), ibid..
219. C. H. B. Binns (letter). ibid.. 501. A. Downic (let-
ter). ibid.
Concentrations of about 200 ppm caused irritation of
the respiratory tract and, on prolonged exposure, pulmo-
nary oedema. Toxicity to the CNS could occur suddenly
at concentrations in excess of 500 ppm and immediate
death might follow concentrations in excess of
1000 ppm. Irritation to the eyes occurred at concentra-
tions of less than 50 ppm.— Methods for the Detection
of Toxic Substances in Air, Hvdrogen Sulphide. Lon-
don, HM Stationery Office, 1969.
Further references: W. W. Burnett er al.. Can. med.
Ass. J.. 1977, 117, 1277, R. P. Smith (leuer), ibid.,
1978, 1718, 775: W. W, Burneut and E. G. King (letter),
ibid., 7176 J. Am. med. Ass. 1978, 239 1374

Treatment of Adverse Effects. After exposure to
hvdrogen sulphide place the patient in fresh air,
give nhalations of oxygen and, if nccessary,
assist the respiration. Antibiolics may be neces-
sary if pulmonary infection occurs. The conjunc-
tival sacs should be carefully washed out if eye
Irritation is severe.
In severe poisoning. amyl nitrite inhalation and
sodium nitrite by intravenous injection have been
suggested.
A brief review of the management of sulphide poison-
ing.— R. P. Smith and R. E. Gosselin, 4 Rev. Phar-
mac. & Toxic.. 1976, i6. 189.
’lh& successful treatment of a 47-year-old man with
£ te hyvdrogen sulphide poisoning using oxvgen, amyl
te inhalations for 30 seconds out of cach minute for

& minutes, and then sodium nitrite 300 mg intravenousiy
for 3 minutes. Treatment was aimed at producing met-
haemoglobinaemia 10 inactivale the sulphide. In addinon
he received sodium thiosulphate 2.5 g by intravenous
injection. — R. J. Stine er al.. 4Ann. imern. Med. 1976,
85, 756.

Further references: R. P. Smith and R. E. Gosselin, J
occup. Med., 1979, 21, 93

Uses. Hydrogen sulphide is widely emploved in
many industrial processes.

12833-a

Hydroxyestrone Diacetate. 16c-Hydroxy-
oestrone Diacetate. 3,16a-Dihydroxyestra-
1.3,5(10)-trien-17-one diacetate.
CpH3605=370.4.

CAS — 566-76-7 (hydroxyestrone); 1247-71-8
(diacetate).

Hydroxyestrone diacetate is a derivative of
oestrone. It is claimed to have minimal systemic
oestrogenic cffects when given by mouth but to
retain effects on the vaginal mucosa. It is used in
the treatment of vaginitis and associated disord-
ers.

Proprietary Names

Colpoginon (Boizot, Spain). Colpogynon (Laboratories
de [I'Hepatrol, Switz.). Colpormon (Millet, Arg.:
Anphar-Rolland, Fr.).

12834-1

Hydroxyethylpromethazine Chloride.
(2-Hydroxyethyl)dimethyl[1-methyl-2-(phen-
othiazin-10-yl)ethyljammonium chloride.
C,.;HuClN:OS =364.9.

CAS — 7647-63-4 (hydroxyethvipromethazine);
2090-54-2 (chloride).

Hydroxyethylpromethazine chloride is an anti-
histamine.

Proprietary Names
Aprobit (Recip. Swed ).

12835-x

Hydroxymethylnicotinamide. Nicotinyime-
thylamide; N-Hydroxymethylnicotinamide. V-
Hydroxymethylpyridine-3-carboxamide.
C7H3N303= 152.2.

CAS — 3569-99-1.

Crystals. M.p. 141° to 142°. Sparingly soluble in
water and alcohol; freelv soluble in hot water
and alcohol.

Hydroxymethylnicotinamide is a choleretic and
has been used in the treatment of various disord-
ers of the gall-bladder.

Proprietary Names
Bilamid (Cilag, Ger.. Bracco, lal.; Cilag-Chemie
Switz.); Bilamide (Cilag-Chemie, Belg.). Biloide

{Labatec-Pharma, Swit:.).

12836-r

S-Hydroxytryptophan. S-HTP: Ro-0783/B.
2-Amino-3-(5-hydroxy-1 H-indol-3-yl) propionic
acid.

C, H)N,0,=1220.2.

CAS — 56-69-9.

NOTE. The form of 5-hydroxyvtrypiophan used clinically
is generally the t-form.

5-Hydroxytryptophan is a precursor of serotonin
(see p.1753) and has been used clinically in
attempts to treat disorders believed to be asso-
ciated with serotonin deficiency.

Changes in mood, mostly clevation, were observed in 7
neurological patients without affective disorders and |
healthy subject given v-5-hvdroxyiryptophan 100 1o
300 mg by intravenous infusion in sodium chloride injec-
tion. Carbidopa was also given to reduce the severity of
vomiting which always occurred 30 to 90 minutes after
infusion and to increase the amount of L-S-hydroxy-
tryptophan entering the brain. Neurotoxicity occurred

wizz goses of 200 mg and above and included ditary
of tne pupil, hyperrefiexia, ataxia. and dysarthria, 'n,:,:
was some similarity to the effects of a cohol.— M T
mo:2 er al. (lenier). Lancer, 1975, 1. 583 See ajso M
H. Greenwood er al.. Br. J. clin. Pharmac., 197z 5
162 ne
Severe insomnia in a 33-vear-old woman following ,
roac acaident responded Lo 4 consecutive flightly goge
of i-3-hvdroxytryptophan totalling 3 g.— M. Webp and
} G Kirker (letter), Lancer, 1981, 1, 1365.

Manganese poisoming. A beneficial response 1o D%
hvdroxviryptophan, up to 3 g daily. was achieved ip ,
patient in whom the symptoms of manganese poisonip
faiied to respond to levodopa.— 1. Mena er g/ _\',.l
Engl. J Med.. 1970, 282, 5.

Menial disorders. Of 107 patients with endogenoys
depression given t-5-hydroxytryptophan daily in divided
doses by mouth for at least 5 weeks. the majory,
rapidly obtained a beneficial response.— 1. Sapg
Minch. med. Wschr., 1972, 114. 1713, per J. Am. meq
Ass., 1972, 222, 1085. Further studies in depression: \
S. Kline er al., Am. J. Psychiar., 1964, 12! 319, per
In1. pharm. Abstr., 1965, 2. 918. T. Persson and B .f
Roos (letter), Lancet, 1967, 2, 987; G. d'Elia er o/
Acta psychiar. scand., 1978, 57, 239: L. J. van Hieic,
Neuropsychobiology, 1980, 6, 230.

After oral administration of L-S-hydroxytryptophan with
a peripheral decarboxylase inhibitor, mild to moderag
improvement was obtained in 6 of 7 chronic undifferen-
tiated schizophrenic patients who were resistant 10 phen-
othiazines. Of 4 chronic paranoid schizophrenic patieny
who were resistant to phenothiazines 2 became wore
after treatment with S-hydroxyiryptophan and |
improved. Some schizophrenic patients might have ap
abnormality in serotonin metabolism.— R. J. Wyaut &
al.. Science, 1972, 177, 1124,

Further studies in schizophrenia: V. Zarcone e af,
Archs gen. Psychiat., 1973, 28, 843; R. J. Wyatt er al,
ibid.. 29, 597.

Myocionus. Comment on the use of the investigational
drug L-5-hydroxytryptophan in the treatment of myoclo-
nus and the view that in general its use should be dis-
courzged. L-5-Hydroxytryptophan is usually effective in
posthvpoxic intention myoclonus, a rare condition, but
mav exacerbate some other myoclonic syndromes. Sig-
nificant adverse effects, especially gastro-intestinal dis-
turbances, are almost universal, even when given with a
peripheral decarboxylase inhibitor such as carbidopa —
R. R. Young, J. Am. med. Ass., 1980, 243, 1569
L-S-Hydroxytryptophan with carbidopa was adminisiered
to I3} patients with myoclonus and 16 patients wilb
other neurological disorders. Following administration by
mouth of maximum doses of 0.4 10 2 g daily with carb-
idopa 100 to 300 mg daily more than 50% improvement
was obtained in 11 of I8 patients with intention myoclo-
nus due 10 anoxia or other brain damage; only | pauent
obtained no improvement and in 3 it was 90% or more.
some patients derived sustained benefit for more than 1
vears. No benefit was obtained by 2 patients with athe-
totic cerebral palsy, 2 with muitipic sclerosis, 2 witb
essential tremor, 4 with cerebellar intention tremor. |
with infantile spasms, 2 with dystonia muscuiorum
deformans, 2 with central pain syndromes, or 3 wib
idiopathic epilepsy. some benefit was obtained in !
pauent with myoclonus epilepsy and in | of 2 patient
with familial essential myoclonus. Side-effects included
anorexia, nausea, diarrhoca, and occasional vomiting ant
were reduced by prochiorperazine or trimethobenzamide.
and diphenoxylate; prior administration of carbidopa o7
1 or 2 days before therapy also reduced the gastro-inie
tinai side-cffects. During the first week of therapy 3
patients developed dyspnoca followed by hyperventilatios
and lightheadedness, with fainting in 1; pulmonary func-
tion tests remained normal. Varying degrees of menta!
stimulation occurred in 10 patients; these were reversible
on cosage reduction and frequently disappeared or dimr
mshed after 4 10 6 weeks without reduction, but -
patients required concurrent administration of perphe
nazac 1o maimain their antimyocionic dosage. Othe
side-zffects included mydriasis, blurring of vision, add&
minal pain, and bradycardiz.— M. H. Van Woert ¢/ 4~
New Engl J. Med. 1977, 296. 70. Comment— T
Munsat, ibid., 101,

Stucies suggesting that the treaim.nt of intention mo
clonus with L-5-hydroxytryptophan and carbidopa w3
70-vzar-old man unmasked an abnormality in his abihn
to metabolise kynurenine and resulted in the develop
mer: of a scleroderma-like illness. — E. M. Sternberg &
al.. New Engl. J. Med., 1980, 303, 782 o
Furiher references: D. Chadwick er al., Lancel. !973~1E
433 J DeLéan and J. C. Richardson (letter). ibid. 8‘6.
J. B Growdon er al.. Neurology, Minneap.. 1976

1135 W. M. Carroll and P. J. Waish, Br. med J-
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Jerine: canadine.ﬁ

_am—n

v ;,Nz: mol
H, cepn from

m. Soc. 76, 3914
Inorganic Chem-

- yl. 1sobuts] alcohols.

- a carcinogen

. organic hvdrazine derivs: rocket fuel.
chionne scavenger for HCl gas streams.

isiry vol. 1, G. Brauer, Ed. (Academic Press, New York,
1963) pp 469-472. Toxicity data: Witkin, Arch. Ind. Health
13, 34 (1956). Toxicology study: Back, Thomas, Ann. Rev,
Pharmacol. 10, 395 (1970). Review of carcinogenicity
studies: [4RC Monographs 4, 127-136 (1974); of 1oxicology:
R. von Burg. T. Stout, J. Appl Toxicol 11, 447-450 (1991).
Books: L. F. Audrieth, B. A. Ogg. The Chemistry of Hy-
drazine (Wiley, New York. 1951); C. C. Clark. Hydrazine
(Mathieson Chem., Baltimore, 1953). Reviews: Troyan,
Ind. Eng. Chem. 45, 2608-2612 (1953);, Zimmer. Chem. Zig
79, 599-605 (1955); Hudson er al.. “Hydrazine” in Mellor’s
vol. VIIL suppl. Il. Nirogen (Part 2). 69-114 (1967). Jones
in Comprehensive Inorganic Chemistry vol. 2, J. C. Bailar, Jr.
et al. Eds. (Pergamon Press, Oxford, 1973) p 250-265: H.
W. Schiessl in Kirk-Othmer Encyclopedia of Chemical Tech-
nology vol. 13 (John Wiley & Sons. New York. 4th ed.,
1995) pp 560-606.

Colorless oily liq, fuming in air. Penetrating odor resem-
bling that of ammonia. Burms with violet flame. Explodes
duning distn if traces of air are present. also affected by uv
and metal 1on catalysts. Can be stored for vears if sealed in
glass and kept in a cool. dark place. Flash and fire pt 126°F
(52°C). Contracts on freezing. d-5 1.146; d] 1.0253: d}
1.024: d}* 1.011: dJ* 1.0036: d* 0.9955. One gallon of com-
mercial product weighs 8.38 [bs. mp 2.0°. bp,, 113.5% b
56", BPg m 170% DPyg o 2007 bpyg oy 236" nf,B.l,46979: 5@
1.46444. Dhpole moment 1 83-1.90. Dielectnc constant
(25"} 517 Laient heat of fusion {mp): 3.025 kcal/mole;
latent heat of vaponzauon (bp): 9760 kcal/mole (calc).
Crit temp 380" crit pressure 14 atm.  Diacidic base. pK|
(25°). ~o6 05 Forms salts with inorganic acids. Highly
polar solvent. Powerful reducing agent. Dissolves many
inorganic substances. Misc with water, methyl, ethyl. prop-
Forms an azeotropic mixture with
waler, bpyg 120.3°. which contains 55 mole-% (68.5 weight-
) NyH,. LDgg 1n mice (mg/kg): 57 i.v.. 59 orally (Witkin).

Dihydrochlonde. HNN, 2HCl. white crystalline powder,
mp 198" d 1.42. Freely sol in water, slightly in alcohol.

Caunon: Potenuial symptoms of overexposure to hydra-
zine are irntation of eyes. nose and throat; temporary blind-
ness: dizzness. nausea: dermatitis: burns skin and eves.  See

" NIOSH Pocket Guide 1o Chemucal Hazards (DHHS NIOSH

90-117.1990) p 124. Sec also Patty's Industrial Hygiene ond
Toxicology. vol. 2E, G. D. Clavton, F. E. Clavion. Eds.
Uohn Wiley & Sons, Inc.. New York, 4th ed., 1994 pp
3435.3441 Hydrazine may reasonably be anticipated to be
Seventh Annual Report on Carcinogens (PB25-
109781, 1964} p 231

USE: Chemical intermediate 1n manuf of agncultural che-
mucals, spandex fbers and antoxidants. Reducing agent
Dihydrochlonde as

4810. Hydrazine Hydrate, HN,O: mol wt 5006 H
12.08%. N 55967, O 31.96"c. H,NNH, H,0. Prepd from
hydrazine sulfate by the action of NaOH, followed by disin
under mitrogen

Fuming refracuive hiquid, faint characieristic odor.  [lo-
lent poison’ Causes delayed eve irritation. d* 1.0). mp
—51.7° or below — 65" (two eutectics). bpyg 118-119% bpy
47°. nf 142842 Strong base. very corrosive. attacks glass.
rubber, cork. but not stainless V,A steel or Allegheny stain-
less 304 and 347. Molybdenum steels such as Allegheny
stainless 316 should not be used. Very powerful reducing
agent. Misaible with water and alcohol. lnsol in chloro-
form and ether.

Mixture with methanol, C-Suuff.

USE: Reducing agent, solvent for inorganic matenals.
Manuf “Helman™ catelst, consisting of 80% hydrazine ny-
drate. 19.5% ethanol. 0.5 10 0.05% copper, used to dec N}~
drogen peroxide in V-2 type rockets. Mixture with metd-

anol as propellaWﬂ “EEeS,

»dfazimum sulfate: hyd-3-
ol~wt 130.12 R
RRNRR. ¥ Y87 S 24.64%. H,NNH,H,;SO, Prepd bt
Raschig synthesiss 2NHjaq - {C:a(OClS,"I’*J:n,COJ colicd]
and treatment with H,S0,. Siarch, glue, or pelatin are vse
as colloids. and sodium hypochlorite may be used insteac of
bleaching powder Adams. Brown, Org. Sva. 2, 37 (1922%

~ Name Index bejore using this section.

Hydrobenzoin

Audrieth, Nickles. /norg. Syn. 1, 90 (1939). Industrial
prepn by the action of sodium hypochlorite on urea in the

ce of NaOH: B.JO.S. Final Report 369; Moncrief!,
Manuf. Chem. 18, 177 (1947). Revised lab procedures:
Pfeiffer, Simons. Ber. 80, 127 (1947); Adams. Brown, Org.
Syn. coll. vol. 1, 2nd ed. (1941), p 309. Crystal structure:
Nitta er al, Acta Cryst 4, 289 (1951); Jonsson, Hamilton,
ibid. 26B, 536 (1970). Review of activity and clinical stud-
ies in cancer cachexia: J. Gold, Nutr. Cancer 9, 59-66
(987).

Orthorhombic crystals. Glass-like plates or prisms. d
1.378: Curtis, Jay. J. Praki Chem. 39, 39 (1889); d7 2.016.
mp 254°. Sol in about 33 parts water; freely sol in hot
water. Insol in alcohol. pH of 0.2 molar aq soln 1.3.

Note: This substance may reasonably be anticipated to be
a carcinogen: Seventh Annual Report on Carcinogens (PB9S.
109781, 1994) p 231.

USE: In the gravimetric estimation of nickel. cobalt and
cadmium; in the refining of rare metals; as antioxidant in
soldening flux for light metals: as reducing agent in the anal-
ysis of minerals and slags; in separating polonium from tel-
lurium; in tests for blood: for destroying fungi and molds:; in
the prepn of hydrazine hvdrate.

4812. Hydrazine Tartrate. Hydrazine acid 1artrate;
hydrazine hydrogen tartrate: hydrazine bitartrate. C.H,,-
N,O¢ mol wi 182.13. C 26.38%, H 5.53%, N 15.38%, O
51.71%. H,NNH,CH,0,.

Crystals, mp 182-183". [a]f +22.5". Soly in water a1 0°
about 6 g/100 mi. pH of a said ag soln 2.6.

USE: In chemical deposition of metals (silvering mirrors,
etc.): Owen, U.S, pat. 2,801,935 (1957 10 Merck & Co.).

4813. 4-Hydrazinobenzenesulfonic Acid. p-Sulfophen-
yihydrazine: phenyvihydrazine-p-sulfonic acid. C(H,N,0,S;
mol wt 188.21. C 38.29%, H 4.28%, N 14,88%, O 25.50%. S
17.04%. Prepn by sulfonation of phenylhydrazine: L. Clai-
sen, P. Roosen, Ann. 278, 296 (1894); by the reduction of p-
diazobenzenesulfonic acid: Th. Zincke, A. Kuchenbecker,
A4nn. 330, 1 (1903): L. V. Lazeeva er al, USSR pat. 1,057,-
493 (1983 10 Tambov Pigment), C.4. 100, 138755q (1984},
Used in resoln of 2-pyrazoline cmpds: M. Mukai er al.
Can. J. Chem. 57, 360 (1979): in isoln of volatile ketones:
W. Treibs, H. Rohnert, Ber. 84, 433 (1951); in analysis of
trace amounts of selenium: T. Kawashima er al, Anal
Chim. Acia 49, 443 (1970): eidem. ibid. 89, 65 (1977).

H,N—ﬁ@-so,n

Needles from water. mp 286"
alcohol.

4814. 2-Hydrazinoethanol. 2-Hydroxyethylhvdrazine:
B-hydroxyethylhydrazine: Omaflora. C,H/N,0: mol wi
76.10. C 31.57%. H 10.60%. N 36.81%, O 21.02%. HO-
CH,CH,NHNH,. Prepn from hydrazine monchydrate and
2chloroethanol:” Gansser, Rumf, Helv. Chim. Acta 36, 1423
(1953); from hydrazine monohvdrate and ethylene oxide:
Gever, O'Keele, U.S, pat. 2,660,607 (1953 to Eaton Labs.);
from hydrazine and ethylene oxide: Brit. pat. 776,113 (1957
to Olin Mathieson).

Colorless, slightly viscous liquid. d 1.11. One gallon
Wweighs 9.26 Ibs. mp —70°. bpys 110-130% bpy, 145-153"
Flash pt 224°F (106°C). Misc with water. Sol in the lower
alcohols. Slightly sal in ether.

USE: Plant growth regulant.

481S. Hydrazoic Acid. Hydrogen azide; hyvdronitric
acid; trrazoic acid: stickstoffwasserstoffsaure (German).
HN,: mol wt 43.03. H 2.34%. N 97.66%. Produced by the
tction of sulfuric acid on sodium azide: L. F. Audreth, C.
F. Gibbs. Inorg. Syn 1, 77 (1939): using steanc acid: Gin-
ther, Mever, Z Elektrochem. 41, 541 (1935). Prepn of water
and cther solns of hydrazoic acid: W. S. Frost et al. J. Am.
Chem. Soc. 55, 3516 (1933): L. F. Audrieth, C. F. Gibbs,
loc. cir; P. W. Schenk in Handbook of Preparaiive Inorganic
Chemistry vol. 1, G Brauer. Ed. (Academic Press, New
York, 2nd ed.. 1963) pp 472-474. GC determn: J. M. Zch-
Ber, R.A Simonaitis, J. Chrom. Sci. 14, 493 (1976). Toxic-

Slightly sol in water,

ity study: Grahan
Review of toxicol
Patty’'s Indusirial
Clayton, F. E. C
York, 1981) pp =
Comprehensive Tre¢
istry vol. VIII, su
Jones in Compreh
Bailar Jr. er al, I
276-293.

Mobiie liquid. !
plosive! mp —8C
(mg/kg): 21.5i.p.

Caution: Acute ¢
fall 1n blood pressu
hypotension, weaki

USE: [ndustnially
detonators.

4816. Hydrin
enej-1,1'3.3-(2H.2"
1,1',3,3"-tetrone; r«
322.27. C 67.09%,
tion of potassium ¢
J. Org. Chem. 23, |
tion of ninhydrin »
Chem. 211, 907 (19

Dihydrate. prism:
reddish-brown at 2(
hot water: sol in M
aq Na,CO, solns (de
blue colori. Can b
the addn of acid.
blue color with amir

USE: Reagent for 1
acids and similar co:

4817. Hydriodi
water. Marketed ir
47%, & 1.5 10%, d
iodide gas in water -
sulfide according to
Frykholm, Inorg. S
lodide.

Colorless when fre
or brown on exposu
can be prevented by
phorous acid (H,PO.
for some time are us
be regenerated with |
Jr., Inorg. Syn. 2, 21(
air, preferably not abc
Dissolves iodine. ]
bpyg 127% d 1.70, ¢
acid, attacks natural

Caurion: Strong ir

USE:  Reducing ag:
maceuticals, disinfect
analytical purposes. s

THERAP CAT: Expec

4818. Hydroben:
phenyiethyleneglycol
H 6.59%. O 14.93%.
Forst, Zincke, 4nn. 1
Chem. Soc. 91, 1390
Soc. 51, 2163 (1929);
C. Heath, Boston. I¢
Improved method for
mer: Collet, Synthes:s
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2 S "...Since hydrazine sulfate provided
< Z relief of a wide spectrum of cancer
f:;:P & Symptoms, it may be recommended for

C o ] ; _ "
N patients with end-stage cancer.

" virtually no significant untoward
side effects...”

GENERAL INFORMATION

Hydrazine sulfate is an anti-cachexia drug which acts to
reverse the metabolic processes of debilitation and weight loss
in cancer and secondarily acts to stabilize or regress tumors.
Hydrazine sulfate is a monoamine oxidase (MAO) inhibitor
and is incompatible with tranquilizers, barbiturates, alcohol
and other central nervous system depressants. Foods high in
tyramine, such as aged cheeses and fermented products, are
also incompatible with MAO inhibitors. The use of
tranquilizers, barbiturates and/or alcoholic beverages with
hydrazine sulfate destroys the efficacy of this drug and
increases patient morbidity.

The U.S. National Cancer Institute (NCI)-published studies of
hydrazine sulfate (Journal of Clinical Oncology, June 1994),
reported as negative, denied the use of tranquilizers, with the
exception of the short-term use of prochlorperazine
(Compazine). However, under pressure of an investigation of
the NCI studies by the U.S. General Accounting Office
ordered by Congress, the NCI in a subsequently published
paper (Journal of Clinical Oncology, June 1995) admutted to
the widespread use of both benzodiazepine and phenothiazine
tranquilizers, which are incompatible with MAQ inhibitors, in
94% of all study patients. Moreover, approximately half of
these patients were given these tranquilizers on a long-term
basis, and some on a continual basis. It was further admitted
by the NCI that concomitant drug use (such as tranquilizers,
alcohol, barbiturates, etc.) was not computerized and patient

http://www.ngen.com/hs-cancer/ 4/29/98
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records of such drug use were "incomplete.”

There is an abundance of published, positive, peer-reviewed
studies on hydrazine sulfate in the medical literature.
(Abstracts of some of these published studies are given on the
following pages.) These data emanate from major cancer
centers both from the United States (randomized,
double-blind, placebo-controlled studies and single-arm
studies) and Russia (large-scale, multicentric Phase
[I-equivalent studies). These data indicate the therapeutic
action of hydrazine sulfate to extend to all types of tumors.

Hydrazine sulfate has been demonstrated to produce only few
and transient side effects. There have been no instances of
bone-marrow, heart, lung, kidney or immune system toxicity,
or death, reported. Hydrazine sulfate has never been
demonstrated to be carcinogenic in humans.

For further information please have your HEALTH CARE
PROFESSIONAL (no patients or individuals, please) call the
institute.

COLLECTION OF ARTICLES | HOW TO CONTACT SCRI

A collection of articles on Hydrazine Sulfate has been
available on this site since 23 October 1996.

This page is designed and hosted by Next Generation Compurter Systems, and is the
property of the Syracuse Cancer Research Institute. © 1996, Syracuse Cancer
Research Institute. All rights reserved.

Last modified on 21 January 1997.
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How to
Contact Us The following is a collection of articles based on published

studies on Hydrazine Sulfate. You may view the abstract by
clicking on the icon to the left. If the title of an article has no
hyperlink, then that article is not present on this system (you (7
may still view the abstract).

/

E "Hydrazine Sulfate Influence on Nutritional Status and Survival in

L1 Non-Small-Cell Lung Cancer" [Journal of Clinical Oncology 8:9-15,

1990]

ﬁ "Results of Clinical Evaluation of Hydrazine Sulfate” [VOPROSY

ONKOIOGITI 36:721-726, 1990]

ﬁ "Altered Metabolism and Mortality in Patients With Colon Cancer
Receiving Chemotherapy" [American Journal of the Medical

Sciences 310:48-55, 1995]

ﬁ "Influence of Hydrazine Sulfate on Abnormal Carbohydrate
Metabolism in Cancer Patients with Weight Loss" [Cancer Research

44:857-861, 1984]

ﬂ "Treatinent of Primary Brain Tumors With Sehydrin [Hydrazine

Sulfate]" [VOPROSY ONKOLOGII 40:332-336. 1994]

E "Hydrazine Sulfate in Cancer Patients With Weight Loss: A
Placebo-Controlled Clinical Experience" [Cancer 59:406-410, 1987] 3

ﬁ "Anabolic Profiles in Late-Stage Cancer Patients Responsive to

Hydrazine Sulfate" [Nutrition and Cancer 3:13-19, 1981]

ﬁ "Effect of Hydrazine Sulfate on Whole-body Protein Breakdown
Measured by 14C-Lysine Metabolism in Lung Cancer Patients”

[Lancet 2:241-244, 1987]

ﬁ "Hydrazine Sulfate: A Current Perspective" [Nutrition and Cancer

1 —19:59-66, 1987]

fj "Experience of the treatment with Sehydrin (Hydrazine Sulfate, HS)
in the advanced cancer patients" [Investigative New Drugs 13:89-97,

1995]

—— "Use of Hydrazine Sulfate in Terminal and Preterminal Cancer

Patients: Results of Investigational New Drug (IND) Study m 84

Evaluable Patients" [Oncology 32: 1-10, 1975]

I
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TITLE: Use of hydrazine sulfate in terminal and preterminal cancer
6/ patients: results of investigational new drug (IND) study in 84
evaluable patients.

AUTHOR: Gold J

SOURCE: Oncology 1975;32(1):1-10

NLM CIT. ID: 76101548

ABSTRACT: In a series of 84 various evaluable disseminated cancer patients
treated with hydrazine sulfate as a result of a
pharmaceutical-sponsored investigational new drug (IND)
study, it was found that 59/84 or 70% of the cases improved
subjectively and 14/84 or 17% improved objectively. Subjective
responses included increased appetite with either weight gain or
cessation of weight loss, increase in strength and improved

- performance status and decrease in pain. Objective responses

included measurable tumor regression, disappearance of or
decrease in neoplastic-associated disorders and long-term (over
1 year) 'stabilized condition'. Of the overall 59 subjective
improvements 25 (42%) had no concurrent or prior (within 3
months) anticancer therapy of any type. Of the 14 objective
improvements 7 (50%) had no concurrent or prior anticancer
therapy. Of the remaining cases in which there was either
concurrent or prior anticancer therapy, improvements occurred
only after the addition of hydrazine sulfate to the treatment
regimen. Duration of improvement was variable, from
temporary to long-term and continuing. Side effects were mild,
comprising for the most part low incidences of extremity
paresthesias, nausea, pruritis and drowsiness; there was no
indication of bone marrow depression.
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Hydrazine sulfate in cancer patients with weight loss. A placebo-controlled
clinical experience.

Chlebowski RT; Bulcavage L; Grosvenor M; Tsunokai R; Block JB; Heber
D; Scrooc M; Chlebowski JS; Chi J; Oktay E; et al

Cancer 1987 Feb 1;59(3):406-10
87077829

Hydrazine sulfate was evaluated using 24-hour dietary recalls and body
weight determinations before and after 30 days of either placebo or

_hydrazine (60 mg, 3 times/d) oral administration in 101 heavily pretreated
cancer patients with weight loss. After 1 month, 83% of hydrazine and only
53% of placebo patients completing repeat evaluation maintained or
increased their weight (P less than 0.05). In addition, appetite improvement
was more frequent in the hydrazine group (63% versus 25%, P less than
0.05). Although caloric intake was only slightly greater in hydrazine-treated
patients, an increased caloric intake was more commonly associated with
weight gain in patients receiving hydrazine compared with those receiving
placebo (81% versus 53%, respectively). Hydrazine toxicity was mild, with
71% of patients reporting no toxic effects. Hydrazine sulfate circulatory
levels were obtained from a subset of 14 patients who completed 30 days of
treatment, with a single sample obtained in the morning at least 9 hours
after the last dose. Mean maintenance hydrazine sulfate levels, determined
using a spectrofluorometric assay, ranged from 0 to 89 ng/ml (mean 45 +/-
16 ng/ml). These data, which demonstrate an association between 1 month
of hydrazine sulfate administration and body weight maintenance in
patients with cancer, suggest future clinical trials of hydrazine sulfate are
indicated to definitively assess its long-term impact on important clinical
outcome parameters in defined cancer populations.

Cachexia/*DRUG THERAPY/ETIOLOGY
Hydrazines/*THERAT'EUTIC USE
Neoplasms/*COMPLICATIONS/DRUG THERAPY
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Chapter 5

HYDRAZINE SULFATE

Hydrazine sulfate, a simple, off-the-shelf chemical, dramatically re-
verses cachexia (ka-KEK-si-a), the wasting-away process that kills
two-thirds of all cancer patients. This inexper.sive drug, with little or
no side effects, also has a clinically documented antitumor action. It
causes malignant tumors to stop growing, to reduce in size, and, in
some cases, to disappear. A growing number of cancer patients
diagnosed as terminal have experienced tumor stabilization and
remission through hydrazine sulfate therapy.

About half of all patients who take hydrazine sulfate experience
weight gain, restored appetite, extended survival time, and a signifi-
cant reduction in pain and suffering. Many patients report an in-
crease in vigor and strength and the disappearance of symptoms of
the disease, along with feelings of well-being and optimism.

While hydrazine sulfate may not be a sure-fire cancer cure, large-
scale clinical trials suggest that it affects every type of tumor at every
stage. It can be administered either alone or in combination with
cytotoxic chemotherapy or radiation to make the cancer more vul-
nerable to these standard forms of treatment.

Hydrazine sulfate is now undergoing Phase Il trials sponsored by
the National Cancer Institute. It is available to patients as a “compas-

sm@m@g],” a designation conferred by
the Food and Drug Administration on a case-by-case basis, so it is no
longer, strictly speaking, an “unconventional therapy.” Yet even
though hundreds of patients across the country are using the drug,
it is not widely discussed or disseminated among practicing physi-
cians and its promise remains largely untapped twenty-four years
after it was first proposed as an anticancer treatment by Dr. Joseph
Gold. Meanwhile, hydrazine sulfate is widely available in the Com-
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monwealth of Independent States (formerly the Soviet Union), where
researchers have followed up on Gold’s pioneering work with over
ten years of investigation supporting the drug’s effectiveness.

“We've gone from a red light to a yellow light, and hopefully will
go to a green light,” says Dr. Gold, director of the Syracuse Cancer
Research Institute in Syracuse, New York, which he founded in 1966.
Since his discovery in 1968 that hydrazine sulfate can prevent the
wasting-away process in cancer patients and inhibit tumor growth,
Gold has waged a courageous uphill battle to win acceptance for his
nontoxic chemotherapy by the medical establishment.

The American Cancer Society put hydrazine sulfate on its Un-
proven Methods blacklist in 1976. It condemned and stigmatized the
drug following a clinical trial on twenty-nine patients at Memorial
Sloan-Kettering Cancer Center in New York. But it is now widely
acknowledged that the Sloan-Kettering tests were botched.

When Dr. Gold made an unannounced visit to the hospital in 1974,
he discovered, to his horror, that “many patients in the study were either
being underdosed or overdosed. Some people who were beginning to
show anticachexia response were suddenly being given 90 to 100 milli-
grams at one time. All this was in clear violation of the drug protocols
and of our joint agreements,” said Gold.! The study’s protocol called
for patients to receive 60 milligrams once a day for the first three days,
twice a day for the next three days, and three times a day for the
following six weeks. Therefore, some patients were getting a 67 percent
overdose.

In a letter of protest to Sloan-Kettering,? Gold pointed out that
some patients were receiving a massive, single dose of approximately
120 to 190 milligrams a day (instead of the usual two or three
60-milligram doses), “which quickly wiped out whatever good re-
sponse they were beginning to show.” The study was so poorly
executed that it could never be published today, he maintains.

Nevertheless, the damage was done. The ACS’s blacklisting of
hydrazine sulfate caused Gold’s funding to dry up and scared away
other researchers from following up on his early papers.

But Gold refused to give up. In 1975, he did a study of the drug’s
effects on eighty-four advanced cancer patients. A total of 70 percent
of them experienced weight gain (or the cessation of weight loss) and
reduced pain. Only 17 percent showed tumor improvements. Mean-
while, Russian scientists at Leningrad’s Petrov Research Institute
were getting impressive results. In one study of forty-eight terminal

cancer pf  ats treated with hydrazine sulfate, 35 percent had tumor
||-.

Hydrazine Sul ite

stabilization or regression and 59 percent showed “subjeciive
sponse” (ability to function normally, complete disappearance .
marked reduction of pain, and so forth).

As a result of these and oth.. favorable studies, the Americ:
Cancer Society announced in 1979 that it was removing hydrazii
sulfate from its official blacklist. Only four other “unproven met
ods™ that were once stigmatized on the ACS list as “quackery” ha
been removed from it. However, the ACS included hydrazine sulfa
in the 1979 edition of the Unproven Methods list, and that editic
continued to be circulated until 1982. Hydrazine sulfate was fina’
removed from the list the next time the list was revised, in July 198.

Tim Hansen, now in his early tw< nties, of Minneapolis, Kansas, is o’
person grateful for the existence of hydrazine sulfate therapy. In Aug
1984, when he was eleven years old, Tim was diagnosed with thr
inoperable malignant tumors that were growing quickly in his brain. 1
was placed on radiation therapy, but his health steadily deteriorat
until, by early 1985, his weight had dropped to fifty-five pounds. “T
radiation harmed his mental functioning, and in January 1985 t
surgeon told me that Tim had one week to live,” says Gloria Hansc
Tim’s mother.

In February, after reading a short item about hydrazine sulfate
McCall’s, Gloria and her husband, Ray, got in touch with Dr. Go
and Tim was put on hydrazine sulfate therapy by his physicians
Kansas. By August, his weight was up to seventy-five pounds. By ea
1987, two of Tim’s tumors had completely vanished. In January 19¢
a computerized axial tomograph (CAT scan) revealed further shrir
age of the remaining tumor, located in the base of the brain. Dr. Ge
plans to keep Tim on the hydrazine sulfate protocol until the tum
is completely gone. Tim graduated from high school in 1990 and
now studying electronics at a trade school, getting A’s and B’s.

Dr. Gold first stumbled upon hydrazine sulfate’s anticancer pre
erties during his methodical quest for a specific type of theraj
Cancer has two principal devastating effects on the body. One is t
invasion of the tumor into the vital organs, with the destruction
the organs’ functions—the most common cause of cancer deathint
public’s mind. In reality, however, this accounts for only about
percent of the country’s half-million annual cancer deaths.

The other devastating effect of cancer is cachexia, the terrible wasti
away of the body, with its attendant weight loss and debilitation.
cancer, as in AIDS, patients succumb to the accompanying illness
which they would otherwise survive if not for ldﬂ asting syndrome
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“In a sense, nobody ever dies of cancer,” notes Dr. Harold Dvorak,
chiel of pathology at Beth Israel Hospital in Boston. “They die of
something else—pneumonia, failure of one or another organs.
Cachexia accelerates that process of infection and the building-up of
metabolic poisons. It causes death a lot faster than the tumor would,
were it not for the cachexia.™

Halting the wasting syndrome instead of directly attacking the cancer
cells with poison was Dr. Gold’s plan of attack. As he explains, “Each of
these processes [the tumor invasion of vital organs and cachexia] has its
own metabolic machinery, each is amenable to its own therapy, and each
is to some degree functionally interdependent on the other. In the
interest of treating the totality of malignant disease, each of these
processes warrants intervention. Such an approach, dealing with both
major underpinnings of the cancerous process—mitogenic and metabo-
lic—affords the greatest promise for eliciting long-term, symptom-free
survival and the potential for disease eradication.”®

But what causes cachexia? Cancer cells gobble up sugar ten to
fiftcen times more than normal cells do. The sugar consumed by the
cancer cells is generated mainly from the liver, which converts lactic
acid into glucose. (Normal cells are far more efficient users of glucose,
which they derive from the food we eat, not from lactic acid.) When
cancer cells use sugar (glucose) as fuel, they only partially metabolize
it. Lactic acid—the waste product of this incomplete combustion—
spills into the blood and is taken up by the liver. The liver then
recycles the lactic acid (and other breakdown products) back into
glucose, and the sugar is consumed in ever-increasing amounts by
voracious cancer cells. The result is a vicious cycle, what Dr. Gold calls
a “sick relationship™ between the liver and the cancer. The patient’s
healthy cells starve while  he cancer cells grow vigorously. Some
healthy cells even dissolve 1 . feed the growing tumor.

To break this sick relat miship, Gold reasoned, all he needed was
to find a safe, nontoxic di vy that inhibits gluconeogenesis (the liver's
recycling of lactic acid ba: k into glucose). In 1968, he outlined his
theory in an article publish.-d in Oncology. “The silence was deafen-
ing,” he recalls.

A ycar later, by a remark.ble coincidence, Gold heard biochemist
Paul Ray deliver a paper exp:laining that hydrazine sulfate could shut
down the enzyme necessaiv for the production of glucose from lactic
acid. Gold had chanced upon an eminently logical way of starving
cancer. He immediately te:1ed hydrazine sulfate on mice and found

thatin accf vith his theory, the drug inhibited both gluconeogene-
sis and tunio, erowth
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Over the years, many dramatic remissions in patients on hydrazine
sulfate therapy have been reported. In one case, a sixty-two-year-old
woman with widely disseminated cancer of the cervix, in a very
debilitated condition, was put on the drug. After one week, a secon-
dary tumor the size of an orange had completely disappcared, much
to the amazement of the woman's doctors, and neck nodes had
become markedly smaller. After three wecks on the therapy, the
patient had gained weight and was active and in good spirits. The
woman was discharged from the hospital a short time later.®

In 1987, Erna Kamen, a sixty-three-year-old lung cancer patient,
was administered hydrazine sulfate after her discharge from a Sara-
sota, Florida, hospital. “Basically, my mother was sent home to die,”
says Jeff Kamen, an Emmy-winning television reporter. “She’d lost o
significant amount of weight by then, and she bad no appetite and
virtually no will to do anything.”

A doctor had told Jeff's father, Ira Kamen, that hydrazine sulfatc
offered at least “a shot in the dark.” So one Monday in August 1987
a home nurse gave Mrs. Kamen one hydrazine sulfate pill shortly
before serving lunch. “On Tucsday morning,” recalls Jeff, “there was
a commotion in the house. My mother had riscn from her bed like
the phoenix rising from the ashes. She was demanding that the nursc
bring her downstairs so that she could have breakfast with me. ..
When people you love get into this kind of facedown with death
you're just incredibly grateful for each moment.™?

As Jeff describes his mother’s recovery, “her searing pain was gone
her appetite returned at a gallop.” Within three weeks, her racking cougl
had vanished and she could walk unaided. “In the months before her
death, she went on television with me to tell the nation about hydrazine
sulfate. The National Cancer Institute stopped trashing hydrazine sullate
and began referring inquiries to the UCLA Medical School team whosc
work had validated the effectiveness of the drug long before Frna Kamer
began taking it.”® Jeff attributes his mother’s death months later 1o he
being “mistakenly taken off hydrazine sulfate and subjected to an un
proven experimental substance.”

With cancer patients, hydrazine sulfate is usually administerec
orally in 60-milligram capsules or tablets, approximately one to twe
hours before meals. It is given at first once a day for several days, thes
twice a day, then three or four times daily, depending on the patient’
response and the physician’s judgment. On such a regimen, man
terminal and semiterminal patients have derived considerable bene¢
fit, although patients in the early stages of the disy = derive the mos
benefit from the treatment. §|| ‘
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Approximately half of the patients to whom the drug is properly
administered in the early stages of the disease show an almost immedi-
ate weight gain and reversal of symptoms; in some instances, the tumor
eventually disappears. The common types of cancer most frequently
reported to benefit from hydrazine sulfate therapy are recto-colon
cancer, ovarian cancer, prostatic cancer, lung (bronchogenic) cancer,
Hodgkin’s disease and other lymphomas, thyroid cancer, melanoma,
and breast cancer. Some less co, »mon types of cancer also benefit.

“Whether hydrazine sulfate should be used in conjunction with
other agents seems to be dependent on whether these agents are
doing the patient any demonsirable good,” according to Dr. Gold.
“In the instances in which these agents have been doing good,
hydrazine sulfate should be used in conjunction with them. How-
ever—and especially with those cases on toxic drugs—in instances in
which the drugs have been doing no evident good, it is probably best
to withdraw such drugs and vse hydrazine sulfate alone.” Many
alternative therapists disagree. They see hydrazine sulfate as mainly
an adjunctive treatment, albeit a potentially powerful one.

Critics have made much of the fact that hydrazine sulfate, a
common industrial chemical, is found in such products as rocket fuel,
insecticides, and rust-prevention agents. For medical purposes, how-
ever, the salt is refined, purified, and used in reagent-equivalent
grades. Given to patients in minuscule amounts, it occasionally
produces mild, transient side effects such as nausea, dizziness, itching
of the skin, drowsiness, and euphoria, but such side effects are
minimal, especially when compared with the devastating effects of
standard chemotherapy.

A very small percentage of patients undergoing long-term, high-
dosage hydrazine sulfate therapy experience pain or temporary
numbness in their extremities, but this condition is quickly control-
led by reducing the dosage and administering vitamin Be. In no
known cases has hydrazine sulfate depressed or destroyed white
blood cells or bone marrow, as conventional chemotherapy often
does. In general, toxicity has been exceedingly low or nil.

The most recent study of this drug, however, concluded that hydra-
zine sulfate appears not to be beneficial and may even have neurological
side effects. This study involved a nationwide, twenty-month trial with
291 advanced non-smallcell lung cancer patients, all of whom received
chemotherapy. In the double-blind phase, half were given hydrazine
sulfate, while the other half received a placebo. Patients receiving
hydrazine su( = had a median survival of 7.62 months, while the

U
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comparable figure for those on placebo was 7.5 months. Hydrazine
sulfate had no effect on cancer cachexia, according to Michael Kosty,
M.D., an oncologist with Scripps Clinic and Research Foundation in
La Jolla, California, who was the study’s principal investigator, nor
were differences noted between the two groups in anorexia or weight
gain. Furthermore, the placebo group rated their quality of life
higher than did those patients taking hydrazine sulfate, and some
hydrazine sulfate patients experienced loss of sensation and motor
function. “Therefore, the best we can say about this drug is that it
has no effect and may even be deleterious,” Dr. Kosty was quoted as
saying in a summer 1992 issue of ASCO Highlights, a publication of the
American Society of Clinical Oncology.

Dr. Rowan Chlebowski, director of 4 UCLA rescarch project on
hydrazine sulfate, conservatively estimates that the drug could benefit
about half a million cancer patients each year in the United States
alone.? His team has conducted many clinical studics of hydrazine over
two decades. Dr. Chlebowski says that the drug’s indirect mode of action
against tumors is problemaltic to more cautious investigators. "We
found that hydrazine sulfate was an anticachexia agent that indirectly
induced antitumor responses without much toxicity. Its action is not
directed at cancer cells yet it may profoundly affect them.™?

Dr. Chlebowski and his colleagues at the Harbor-UCLA Medical
Center in Torrance, California, recently found evidence that hydra-
zine sulfate added to conventional chemotherapy improves the nu-
tritional status and prolongs the life of patients with non-small-cell
lung cancer, especially deadly forms of the discase. In the January
1990 issue of the prestigious Journal of Clinical Oncology, he reports
that earlier-stage patients have a median survival time of at least 328
days, compared to 209 days for the placebo group. There is no
curative therapy for this type of lung cancer, so the results, if
confirmed, seem promising.

The wasting syndrome seen in cancer patients is also a prime risk
factor for AIDS patients with Kaposi’s sarcoma. There is evidence
that hydrazine sulfate’s capacity to stop cachexia may save many AIDS
patients. Currently, Dr. Chlebowski is planning a study to test hydra-
zine sulfate as an anticachexia agent in patients who are infected with
HIV and have lost weight.

Even though hydrazine sulfate is now undergoing extensive Phase
III trials sponsored by the National Cancer Institute, resistance to
this inexpensive, nontoxic chemotherapy in orthodox medical circles
persists. Dr. Vincent DeVita, former director of“" NCI, told a
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hington Post reporter in 1988 that he thought hydrazine was a
-hum idea.” Dr. Gold, until recently, has been frozen out of the
r on cancer.” Two articles on cachexia published in July 1990 in
prestigious Cancer Research journal fail to reference any of Gold’s
h-breaking work, and one even denies there is any effective
itment for the wasting-away syndrome.

)r. Gold, who does not treat patients, says that the cost of hydra-
>, at most, should be nominal-comparable to the daily cost of
ilin and other supplies for diabetics. “Until a pharmaceutical com-
y sponsors the drug through the FDA, it will not be widely in use,”
predicts, adding, “However, with the new studies, drug companies
e suddenly begun to take notice of this most exemplary drug.”

Resources

Syracuse Cancer Research Institute
Presidential Plaza

600 East Genesce Street

Syracuse, NY 13202

Phone: 315-472-6616

- further information on hydrazine sulfate and details on treatment.

ading Material

e Cancer Industry: Unravelling the Politics, by Ralph W. Moss (see
pendix A for description).

Part Two

IMMUNE THERAPIES

The immune system is your body’s major fine .f defense in the battle against
cancer and infection. Specialized cells in your immune system can recog-
nize cancer cells as foreign and destroy them. The aim of immune therapies
is to bolster those parts of the immune system that combat and eliminate
cancer cells. Most other alternative therapies, though not strictly immuno-
therapies, also stimulate the body's natural defenses.

Several forms of orthodox immunotherapy are currently being explored
in clinics and cancer centers. They are still used almost totally as adjuncts
to chemotherapy, radiation, and surgery. While these orthodox immune
therapies are said to hold great promise, they remain largely experimental.
In contrast, the three alternative immune therapies discussed in Part Two
of Options are used by many patients as full-fledged programs, though these
treatments have been condemned, persecuted, or shunned by the medical
establishment without an in-depth investigation into their possible merit.
Most conventional physicians, trained to be aggressive in their approach to
fighting disease, are cool toward the idea of strengthening the body's gentle
self-healing powers and its natural resistance to cancer.

Cancer cells are believed to form every day in the healthy person, but
a strong immune system can easily detect and destroy them before they
have an opportunity to divide and proliferate. Unfortunately, for various
reasons—poor nutrition, the massive pollution in our environment,
stress, aging—the immune system sometimes fails to recognize the
cancer cells as an enemy, and the cancer begins its slow, insidious
growth over a number of years while you continue to be unaware of it.

Your immune system is normally on constant alert, scanning your
body for “foreigners” such as bacteria, viruses, and abnormai cells. As
soon as a foreign body is recognized, your whole system springs into
action. Highly mobile natural killer cells, specialized to destroy foreign-

(
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ors, are your body’s first line of defense. If the cancer cells svade the
natural kilier cells, they proliferate and manufacture antigens, which are
telltaie substances detected by the T-cells, your immune system’s sec-
ond line of defense against tumor growth. Specialized T-cells (or T-lym-
phocytes) destroy cancerous and virus-infected cells. (The “T” in T-cell
stands for “thymus-derived” because these white blood cells, created in
the bone marrow, are carried to the thymus gland, which transforms them
into T-celis.) Other white blood cells, macrophages (Greek for “big
eaters”), ingest the cancer cells. A wide range of other cells and sub-
stances that make up the immune system help to orchestrate a coordi-
nated attack against almost any invader.

Altogether, there are five major types of orthodox immunotherapy. The
first is BCGQ, a tuberculin vaccine used in the treatment of cancer that
stimulates macrophages to Kill cancer cells. Consisting of a weakened strain
of the tubercuiosis bacillus, b_G (which stands for bacillus Calmette-
Guérin) apparently works best when combined with chemotherapy; yet as
a solo treatment, it has brought about some complete remissions and many
cases of temporary or prolonged remission. Used by conventional as well
as alternative doctors, BCG has been particularly successful in treating
malignant melanoma. It appears to work well when injected directly into
tumors visible on the skin, though it has also been used to treat lung cancer
and other forms of the diseas~ One of the researchers who discovered
BCG’s anticancer potential was Dr. Lloyd Old, who later became director of
the Sloan-Kettering Institute for Cancer Research.

Interferon is a family of proteins produced by the white blood cells in
response to viral infection. It stimulates the production of macrophages and
lymphocytes (white cells), blocks the growth of tumor cells, and transforms
some lymphocytes into natural killer cells. Hyped as a wonder therapy and
miracle cure when it was first synthesized in 1980, synthetic interferon
turned out to be very expensive and have toxic side effects. It produces
fever, chills, and muscle contractions so severe that they may require
morphine.1 Today, interferon is \pproved for use in the treatment of two rare
forms of cancer, hairy-cell ieukemia and juvenile laryngeal papillomatosis.
it may have limited value in a number of other rare conditions. The FDA
approved its use for AIDS patients in 1988, but it has largely been a failure
in ARC-AIDS trials. Infected people who received it had flu-like symptoms,
fatigue, swelling, headaches, and even hallucinations.

Interleukin-2, a protein produced by the T-cells, was also hyped by
the cancer industry and the major news media as a cancer breakthrough.
The results to date, however, have been disappointing. IL-2, as it is
called, has reportedly been effective in some patients with melanoma
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and renal cancer, but its drawbacks are major and became evident earl
on. Charles Moertel, M.D., of the Mayo Clinic, charged that IL-2 is highl
toxic, hugely expensive, and not particularly etfective.? Its side effect
include fever, chills, malaise, swelling of the spleen, anemia requirin:
multiple transfusions, severe bleeding, si uck, and confusion. Treatmen
with IL-2, according to Dr. Moertel, may require weeks of hospitalizatioi
in an intensive care unit “to survive the devastating toxic reactions.”
After a few patients died because of interleukin-2, the National Cance
Institute, which had eagerly presented it to the public as a miracle drug
withdrew such claims.*

Turmor necrosis factor (TNF), produced in the body in minute quantities
seems to kill cancer cells by destroying their cell membranes, although wh
this happens is not clear. Side effects occur ragularly; most patients develo
fever and chills as well as some nausea and vomiting.5 injected int
cancerous mice, TNF causes their tumors to melt away. It is currently bein:
tested to determine its potential efficacy in treating human cancer patients
Some observers believe that TNF, upon which the cancer establishmer
has spent millions, is simply tumor antibody, one of the four blood fraction
used by Lawrence Burton, pioneer of a nontoxic immune therapy used i
the diagnosis and treatment of cancer (see Chapter 6).

Monoclonal antibodies are synthetic antibodies created through gene
splicing, fusing a cancer patient’s white blood cells with his or her cance
cells. When these bizarre hybridomas are reintroduced into the patient’
body, they manufacture specific antibodies said to attack only the cance
cells. Attached to anticancer drugs or natural toxins, monoclonals serv
as “guided missiles” by directing the antibodies they manufacture towar
their malignant prey. Still in the investigative stage, monoclonals—lik
interferon, interleukin-2, and TNF—promise to be tremendously exper
sive, a boon to the pharmaceutical-medical monopoly if they are eve
used in cancer treatment. They are frequently touted by the media as th
next cancer breakthrough.

The American Cancer Society freely admits that it will take “man
years to find the proper role of these [orthodox immunotherapy] agent
in cancer treatment.”® Observers say this means twenty years or more
Meanwhile, the ACS continues to use its enormous power and influenc
to restrict or suppress safe, nontoxic cancer therapies that have pre
duced remarkable clinical results in human beings, such as the immun
therapies of Lawrence Burton, Ph.D. (Chapter 6) and Virginia Livingstor
M.D. (Chapter 7), or the biologically based therapy of Stanislaw Burzyr
ski, M.D. (Chapter 2).

Ironically, Coley’s mixed bacterial vaccine, which has perhaps show
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a greater cure rate than any other cancer treatment, is totally unavailable.
Dr. William Coley (1862-1936), an eminent New York City surgeon and
Sloan-Kettering researcher, in the 1890s developed a vaccine made of
bacterial toxins that activated immune-resisiznce mechanisms in car cer
patients and cured hundreds. His daughter, Helen Coley Nauts, D.Sc.,
has preserved and carried forward his important work. Yet, despite the
successful use of bacterial vaccines amply reported in the medical
literature since the turn of the century, today’s big drug companies have
no interest in what they view as merely an unprofitable item.

Staphage Lysate, a nonspecific bacterial vaccine made from staphyio-
cocci, is legally sold today as a specific therapy for acute and chronic
staphylococcal infections. Unofficially, it has been widely used by pragmatic
doctors who have had encouraging results in treating multiple sclerosis,
cancer, herpes, allergies, arthritis, asthma, and many other conditions.”
Relatively inexpensive and almost totally nontoxic, Staphage Lysate can be
inhaled, injected, or taken orally. It is known to increase the production of
T-lymphocytes and to induce the natural formation of interferon and inter-
leukin-1, the predecessor of interleukin-2.

Immune therapies, whether orthodox or altemnative, are generally used
as a treatment of last resort after patients have received toxic chemotherapy
or radiation. Many doctors believe that the prior use of immune-destroying,
often carcinogenic conventional treatments lowers a patient's chances for
recovery through immune therapy. Chemotherapy often accomplishes the
destruction of the immune system, and radiation can cause severe, pro-
longed immune deficiency. At any one time, there are thousands of cancer
patients in the United States undergoing aggressive chemotherapy who
would benefit from any immune-enhancing measures whatsoever, even
supportive nutrition or vitamin supplementation.
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Hydrazine Sulfate in Cancer Patients With Weight Loss

A Placebo-Controlled Clinical Experience

ROWAN T. CHLEBOWSKI, MD, PuD,” LINDA BULCAVAGE, MN, RN,* MARY GROSVENOR, RD, MS,t
RAYNELLE TSUNOKAI, BS,* JEROME B. BLOCK, MD,* DAVID HEBER, MD, PHD .t
MICHELLE SCROOC, RD.t JOAN S. CHLEBOWSKI, MD.§ JOCELYN CHI, MD,*

ENGIN OKTAY, MD,§ STEVE AKMAN, MD,” AND ISHRAT ALl, MD§

Hydrazine sulfate was evaluated using 24-hour dietary recalls and body weight determinations before and
after 30 days of either placebo or hydrazine (60 mg, 3 times/d) oral administration in 101 heavily pretreated
cancer patients with weight loss. After 1 month, 83% of hydrazine and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P < 0.05). In addition, appetite im-
provement was more frequent in the hydrazine group (63% versus 25%, P < 0.05). Although caloric intake
was only slightly greater in hydrazine-treated patients, an increased caloric intake was more commonly
associated with weight gain in patients receiving hydrazine compared with those receiving placebo (81%
versus 53%, respectively). Hydrazine toxicity was mild, with 71% of patients reporting no toxic effects.
Hydrazine sulfate circulatory levels were obtained from a subset of 14 patients who completed 30 days
of treatment, with a single sample obtained in the morning at least 9 hours after the last dose. Mean
maintenance hydrazine sulfate levels, determined using a spectroflucrometric assay, ranged from 0 to 89
ng/ml (mean 45 + 16 ng/ml). These data, which demonstrate an association between 1 month of hydrazine
sulfate administration and body weight maintenance in patients with cancer, suggest future clinical trials
of hydrazine sulfate are indicated to definitively assess its long-term impact on important clinical outcome
parameters in defined cancer populations.
Cancer 59:406-410, 1987.

WEIGHT LOSS commonly accompanies cancer de-
velopment and is associated with an adverse
prognosis.'~* Although intensive caloric support now can
be provided such patients, clinical trials evaluating caloric
provision alone have not reported improved outcome for
chemotherapy-treated populations with advanced can-
cer.+® As a result, consideration of potential mechanisms
underlying the development of weight loss in the cancer
population has led to development of alternative strategies
for clinical intervention in these patients. Altered glucose
metabolism is a common metabolic abnormality in cancer
patients with weight loss,”!* and it has been suggested
that the inappropriate activation of pathways of glucose
metabolism leads to futile cycling and cachexia devel-
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opment in this population.'* If this hypothesis is correct,
amelioration of the abnormal carbohydrate metabolism
could provide a therapeutic approach to the adverse out-
come associated with cachexia development in the cancer-
bearing host.

We previously demonstrated that hydrazine sulfate is
metabolically active, improving the abnormal glucose
tolerance and reducing the increased glucose production
rates seen in cancer patients with weight loss.!> We now
report clinical observations on short-term hydrazine sul-
fate use in a cancer population with weight loss using a
prospective placebo-controlled study design.

Materials and Methods

The criteria for inclusion in this trial were: a diagnosis
of advanced cancer; weight loss greater than 10% from
usual body weight; absence of severe hepatic or renai dys-
function (bilirubin greater than 3 mg/dl and/or creatinine
greater than 2 mg/dl); and normal mental status. Patients
with a known history of diabetes mellitus or those receiv-
ing corticosteroid therapy were ineligible. Patients with
ascites or clinically significant edema were not entered to
avoid confounding weight determinations. Patients were
entered either prior to receiving systemic chemotherapy
or when a new systemic therapy program was initiated

406




for disease progression. Measurable disease parameters
were not required, and concurrent chemotherapy was
permitted. Both initial and repeat assessment of all study
parameters, however, were conducted at least 2 days be-
fore and 4 weeks after chemotherapy administration.

After informed consent was obtained, patients under-
went an initial assessment of nutritional parameters, in-
cluding caloric intake as described below. Patients sub-
sequently were treated with capsules containing hydrazine
sulfate (60 mg) or placebo which were prepared by Ana-
bolic, Inc. (Irvine, California). Hydrazine sulfate was given
under IND 17, 671 from the Food and Drug Adminis-
tration (FDA) (obtained by Dr. Chlebowski). All insti-
tutional requirements for human subjects review were
met. The treatment program consisted of an escalating
schedule of capsules containing either hydrazine sulfate
or placebo until the full dosage of 60 mg, 3 times/d given
before meals, was reached beginning on the 8th day. This
program was based on the extensive Russian experience.'*
Patients were contacted weekly to assess compliance and
kept daily compliance diaries. The validity of daily com-
pliance diaries was checked against intake based on re-
turned prescription bottles. Following 30 days of either
agent, the assessment of body weight, caloric intake, and

ther parameters was repeated.

During the initial and repeat evaluation, all patients
received determination of body weight measured on the
same printing scale; anthropometrics, including tricep
skinfold thickness, mid-arm muscle circumference, and
serum albumin; caloric intake using a 24-hour dietary
recall history obtained by nutritionists and computer an-
alyzed to give protein, carbohydrate, fat, and energy con-
tents of the diet. Expected caloric intake was normalized
for each patient by weight based on a calculated recom-
mended daily allowance (RDA). Toxic effects of treatment
and influence on appetite were determined by question-
naire.

In a subset of 14 patients, blood samples for hydrazine
sulfate circulatory levels were obtained as a morning sam-
ple taken at least 9 hours from the last oral dose following
30 days of treatment. Hydrazine sulfate levels were mea-
sured using a defined'®!” spectrofluorometric assay in
which reaction of hydrazine sulfate with dimethylami-
nobenzaldehyde produces a colored derivative. Fluores-
cence was subsequently determined in an Aminco Bow-
man (Silver Spring. MD) spectrophotofluorometer with
an excitation wavelength of 466 nm and emission wave-
length of 546 nm.

All patients were given defined, uniform dietary coun-
selling based on nutritional status at entry to insure com-
parability of dietary information available to patients on
hydrazine or placebo treatment. The nutritional guidelines
all patients were provided with were designed to duplicate
- a routine clinical dietary assessment that would be ex-
iy p'ected to be a component of a cancer patient’s standard
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TABLE 1. Pretreatment Characteristics of Cancer Patients Receiving
Hydrazine Suifate or Placebo

Treatment received

Hydrazine Placebo

Number entered 71 30
Age in years

Median 56 59

Range 32-711 36-77
Sex (% Male) 61% 65%
Disease type

Lung 46 15

Colon 13 4

Other breast 4 3

Esophagus 3

Nasopharyngeal 3 i

Hepatocellular ! 2

Ovarian 2 i

Prostate 0 i
Performance score

Qor i) 14% 23%

(2or3) 86% 77%
Nutritional status

% Weight loss (mean) 17% 14%
Caloric intake

290% of RDA 39% 41%

<90% of RDA 61% 59%
Albumin gm/d] (Mean) 34 33
Concurrent chemotherapy 78% 74%

RDA: recommended daily allowance.

clinical management. Enteral tube feedings or parenteral
nutritional support was not given any patient while on
study.

A total of 101 patients with advanced cancer underwent
initial evaluation. Sixty-one consecutive patients (includ-
ing all 30 patients given placebo and 31 given hydrazine)
were randomly assigned treatment in a double-blind fash-
jon with treatment assignment based on published ran-
dom-number tables. An additional 40 patients received
hydrazine sulfate and represented a consecutive series of
patients seen in the Clinical Research Center meeting en-
try criteria for the trial. Statistically significant differences
between hydrazine and placebo groups relative to pre-
treatment clinical factors were sought using chi square
contingency table analyses and Student’s ¢ test. The sta-
tistical differences between hydrazine and placebo treat-
ment were determined using the two-group ! test.

Results

A total of i01 patients with a variety of advanced can-
cers underwent initial evaluation. Patients receiving hy-
drazine sulfate or placebo were comparable with respect
to tumor type, age, sex, performance score, nutritional
parameters and chemotherapy experience (Tables ! and
2). The compromised nutritional status of the study pop-
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TABLE 2. Concurrent Chemotherapy of Cancer Patients Receiving
Hydrazine Sulfate or Placebo According to Disease Type

Study arm
Chemotherapy given Hydrazine Placebo
Lung cancer (n) 46 1
PACcO 15
PVB 12
ACcO 9
ACO 2
No chemotherapy 8

Colon cancer (n)
5-FU
5-FU + vitamin K
No chemotherapy

N i RO N AWK

Ao B

—

Other disease sites (n)*
No chemotherapy

P: cisplatin (Platinol); A: doxorubicin, (Adriamycin); C: cyclophos-
phamide; ¢: CCNU; O: vincristine (Oncovin); 5-FU: 3-fluorouracil; v:
vinblastine; B: bleomycin; 5-FU + vit K: 5-fluorouracil plus vitamin K,
(Synkavite).

* The patients with other disease sites received a variety of regimens
which included cisplatin in 62% and 50% of instances for the hydrazine
and placebo group, respectively.

ulation is demonstrated by the 16% average weight loss
experienced by the overall population. Of this advanced
disease population with weight loss, 58 patients were able
to complete repeat evaluations after 30 days of treatment
(41 were given hydrazine; 17, placebo). Early disease pro-
gression and/or death accounted for almost all cases not
having repeat study. Only two patients refused repeat
evaluation.

The influence of 30 days of hydrazine sulfate or placebo
therapy on study parameters for all entered patients who
underwent repeat evaluation is outlined in Table 3. Weight
was maintained or increased in a higher proportion of
patients receiving hydrazine sulfate compared to placebo
therapy (83% versus 53%, respectively; P <0.05). The use
of weight loss as a study parameter was not compromised
by the development of ascites or significant edema, as this
did not occur in any patient over the 30 day period of

TasLE 3. Influence of 30 Days of Hydrazine Sulfate or Placebo on
Nutritional Status of Cancer Patients With Weight Loss

Hydrazine Placebo
n=41* n=17
Weight maintained or
increased (>2.5 kg) 83%t 53%
Improvement in appetite 63%t 25%
Caloric intake increased
(>10% over baseline) 51% 37%
Increased caloric intake
associated with weight
gain (>2.5 kg) 81%t 531%

* Number completing initial and repeat study.
t P < 0.05 hydrazine compared to placebo group.

observation. Anthropometrics were unchanged over the
30-day study period. Caloric intake was only slightly
higher in the hydrazine treated population. When all pa-
tients experiencing an increase in caloric intake were con-
sidered, however, weight gain was seen in a significantly
higher proportion of patients receiving hydrazine sulfate
while increasing caloric intake compared with those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were closely comparable in
the 31 patients entered as part of the randomized trial
when compared with the 40 patients added as a consec-
utive series. The results for the patients receiving hydrazine
or placebo who were entered as part of the randomized
trial were: weight maintained or increased, 71% versus
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus 37%; and increased caloric
intake associated with weight gain, 77% versus 53% for
the hydrazine versus placebo patients respectively. In ad-
dition, results in groups receiving or not receiving con-
current chemotherapy reflected those obtained in the en-
tire group.

Thirty-five patients with cancer other than small cell
lung cancer (the predominant tumor type studied) com-
pleted serial evaluation, with 26 receiving hydrazine sul-
fate and nine receiving a placebo. In the lung cancer pa-
tients, weight maintenance or increase was achieved in
83% of those receiving hydrazine sulfate compared with
33% of those receiving the placebo.

The short term hydrazine sulfate regimen used in this
trial was well tolerated by study participants. Compliance
forms were returned by 90% of patients who completed
repeat evaluations, and indicated that 95% of the sched-
uled dose was taken by the study population completing
30 days of therapy. The mean maintenance plasma hy-
drazine sulfate levels obtained from a subset of 14 patients
ranged from O to 89 ng/ml with a mean value of 45 + 16
ng/mi. Clinical toxicity of patients receiving hydrazine
sulfate was limited largely to mild to moderate nausea
and lightheadedness with 71% of patients reporting no
toxic effects from hydrazine use (Table 4). Treatment was
discontinued for toxic effects in 10% of patients receiving
hydrazine; while 6% of patients receiving placebo had
treatment stopped for “toxic effects.” Significantly, par-
asthesias or hypoglycemic symptoms were not reported
by any patient receiving hydrazine in this trial.

Discussion

Short-term administration of hydrazine sulfate was
better than a placebo in maintaining body weight and
improving appetite in patients with advanced cancer in
the current clinical experience. The weight effect appar-
ently resulted from an increase in the effectiveness of the
ingested calories, since a higher proportion of patients




who increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have reported'® between weight maintenance and
improved glucose metabolism in hydrazine-treated cancer
patients suggests that interruption of abnormal metabolic
pathway function may underlie the improved nutritional
status seen with hydrazine sulfate in the current trial. If
this hypothesis can be confirmed, hydrazine sulfate could
represent one of a new class of metabolic/hormonal
agents'®-?' directed at influencing the abnormal metab-
olism seen frequently in patients with cancer.

No prior clinical experience with hydrazine sulfate in
cancer patients has prospectively evaluated caloric intake
or included a placebo control population. Single-arm
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parameters.'*?
In the American experience, Gold?? reported that 70% of
the treatment group demonstrated subjective improve-
ment, including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or decreased pain, as measured
by need for analgesics. In the Russian experience,
Gershonovich'>? reported that 50% of patients receiving
_bvdrazine sulfate as their sole therapeutic intervention

ieved moderate or marked improvement in cachexia
w~1th associated favorable symptomatic effects on appetite
and pain. Not all clinical studies of hydrazine sulfate have
shown benefit. In three small trials of hydrazine sulfate
(all entering less than 30 patients) where reduction in tu-
mor size was used as a major therapeutic endpoint, little
benefit was reported.**2 The clinical effects of hydrazine
sulfate on body weight observed in the current study in
conjunction with the metabolic effects of hydrazine that
we reported in 1984'2 now provides a strong rationale for
further studies designed to assess the impact of hydrazine
sulfate on clinical outcome in defined cancer populations.

Surprisingly, thirty-seven percent of weight-losing can-
cer patients given placebo in this trial increased their ca-
loric intake by more than 10%, and 53% of the placebo
group maintained or increased their body weight over the
I-month observation period. This result in the placebo
population may have been related to the nutritional
counseling that was given in identical fashion to patients
on both treatment arms in this study. Placebo controls
clearly are important in trials designed to alter and assess
nutritional parameters in cancer populations.

The study protocol employed in our trial was not de-
signed to assess the influence of hydrazine sulfate on tumor
growth characteristics. The short 30-day period of treat-

#ent and entry criteria preclude assessment of hydrazine

alfate influence on this parameter. Almost all of our pa-
tients with advanced solid tumors refractory to initial
therapy, however, demonstrated no change in tumor di-
mensions during the 1-month period of observation.
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TABLE 4. Patient Tolerance of Hydrazine
Sulfate or Placebo Treatment

% of Patients Treated

Hydrazine Placebo
No toxic effects 71% 84%
Nausea and vomiting
Mild 12% 12%
Moderate 5% 0%
Light-headedness 17% 6%
Treatment discontinued for toxic effects 10% 6%

The relative lack of toxicity of short-term hydrazine
sulfate administration in a 60 mg 3 times/d schedule to
a large cancer population receiving other concurrent che-
motherapy treatment was noteworthy. In the previous
limited clinical experience,'***?* only one report has em-
phasized significant toxicity; Ochoa and coworkers®* re-
ported a 50% incidence of polyneuritis associated with
hydrazine sulfate use in a 29-patient experience. In three
trials'>?2?* and the present report, polyneuritis was seen
in less than 1% of the more than 500-patient cumulative
experience. The lack of toxicity in the current experience
can be documented further by the good compliance re-
ported by the patients in their diaries. The latter result is
interesting considering the somewhat wide range of hy-
drazine sulfate maintenance circulatory levels observed
in the pharmacokinetic component of this trial. However,
these results are consistent with developing pharmaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration.!” These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulatory levels to as-
sess hydrazine sulfate bioavailability and permit correla-
tion with metabolic, nutritional and clinical endpoints.

Conclusion

This experience with hydrazine sulfate in an advanced
cancer population points to a potential role for this agent
in maintaining weight in patients with cancer cachexia.
Whether maintenance of body weight under these con-
ditions will be associated with improvement in important
clinical outcome variables and overall survival will require
future prospective, long-term, placebo-controlled evalu-
ation in cancer populations with less advanced disease
given defined systemic therapy. Such studies in the non-
small cell lung cancer population are currently in progress.
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Abstract. In a series of 84 various evaluable disseminated cancer patients treated with
hydrazine sulfate as a result of a pharmaceutical-sponsored investigational new drug (IND)
study, it was found that 59/84 or 70 % of the cases improved subjectively and 14/84 or
17 % improved objectively. Subjective responses included increased appetite with either
weight gain or cessation of weight loss, increase in strength and improved performance
status and decrease in pain. Objective responses included measurable tumor regression,
disappearance of or decrease in neoplastic-associated disorders and long-term (over 1 year)
‘stabilized condition’. Of the overall §9 subjective improvements 25 (42 %) had no concur-
rent or prior (within 3 months) anticancer therapy of any type. Of the 14 objective im-
provements 7 (50 %) had no concurrent or prior anticancer therapy. Of the remaining cases
in which there was either concurrent or prior anticancer therapy, improvements occurred
only after the addition of hydrazine sulfate to the treatment regimen. Duration of improve-
ment was variable, from temporary to long-term and continuing. Side effects were mild,
comprising for the most part low incidences of extremity paresthesias, nausea, pruritis and
drowsiness; there was no indication of bone marrow depression.

Hydrazine sulfate has been used as an investigational new drug (IND) for
over 1 year in the treatment of advanced cancer. Its proposed mechanism of
action is as a gluconeogenic blocking agent at the phosphoenolpyruvate carboxy-
kinase (PEP CK) reaction, attenuating host energy loss as a result of increased
gluconeogenesis in cancer and therefore interrupting the systemic cycle of fu-
mor-energy gain—host-energy loss (tumor growth—host cachexia) (1, 2). Early
reports indicated that hydrazine sulfate, administered orally to advanced cancer
patients, resulted in marked subjective and objective improvements (3), subjec-
tive improvements including increase in appetite, cessation of weight loss and/or
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weight gain, improved performance status, and decrease in pain; objective im-
provements included measurable reduction in tumor size and reduction in or
disappearance of neoplastic-associated disorders (effusions, jaundice, etc.). Dura-
tion of improvements was reported as variable and side effects, minimal. In
further reports (4), in which hydrazine sulfate was used in conjunction with
conventional chemotherapy in patients with disseminated neoplasia, it was un-
clear as to which type of therapy resulted in the reported subjective and objec-
tive improvements. The present report, undertaken as a pharmaceutical-spon-
sored IND study and representing a series of 84 evaluable cases of various
terminal and preterminal cancer patients, indicates a high degree of anticancer
activity in patients treated with hydrazine sulfate alone.

Procedures and Protocols

Physician selection. This study was the result of separate inputs of many clinicians —
oncologists as well as others — whose participation was under pharmaceutical IND sponsor-
ship. As such, this study is designated as ‘uncontrolled’.

Patient selection. Patients with any type of disseminated neoplasia, who no longer
responded to chemotherapy and/or radiation, were considered eligible for hydrazine sulfate
therapy. A minimum prognosis of 2 months was recommended.

Drug end protocol. The drug consisted of 100 % purity hydrazine sulfate mixed with
an inert starch in capsular form (pharmaceutical IND preparation) for oral administration.
Protocol of drug administration was as follows: 60 mg q.d. X 4; 60 mg b.i.d. X 4; then
60 mg t.i.d. as maintenance. In patients weighing less than 50 kg, dosages were halved (i.e.,
30 mg g.d. X 4; 30 mg b.i.d. X 4; then 30 mg t.i.d.). In the event that a b.i.d. schedule
produced satisfactory results, this dosage schedule was maintained at the clinician’s discre-
tion. In no event was a single dosage ever to exceed 60 mg.

Concurrent anticancer medication. The continuing use of concurrent anticancer medi-
cation was acceptable if it was no longer producing a demonstrable anticancer effect by
itself.

Data presentation. A 4-sheet data page (‘Patient Report Form’) was required to be
completed by the clinician during the course of treatment of each patient. These data sheets
included the following information: detailed history, site of tumor and metastases, prior
treatments (defined in this study as any type of anticancer therapy given within 3 months of
the initiation of hydrazine sulfate therapy; prior treatment data included dates of therapy,
types and quantitation), concurrent medications, performance status evafuation, objective
tumor size and site evaluations, subjective observation ratings and check list, laboratory
data, clinician’s statement of patient evaluation prior to hydrazine sulfate therapy, clini-
cian's statement of evaluation of results of hydrazine sulfate therapy, clinician’s evaluation
of side effects of hydrazine sulfate therapy, and clinician’s signature.

Criteria for designation as ‘improvement’. Designation of subjective improvements was
made on the basis of improvements indicated in the subjective observations rating check list
and or affirmation of improvement in the clinician’s statement under ‘clinician evaluation’
section. In general a subjective improvement was based on a quantitatively measurable or
estimable parameter such as strength (number of hours ambulatory, quality of ambulation,
etc.), appetite (food intake), weight (scale measurement) and pain (quantitative need for
analgesics). Objective improvements were designated on the basis of measurable reduction in
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tumor size, long-term (1 year or more) ‘stabilized condition’ in a previously rapidly growing
neoplasm, and disappearance of or reduction in neoplastic-associated disorders. Each case in
this category was to be supported by related laboratory measurements, where possible.

Criteria for designation as ‘nonevaluable’. Cases were deleted from evaluation for any
of the following reasons: (a) inadequate prognosis: patient survival of less than 3 weeks;
(b) inadequate drug trial: drug trial of less than 3 weeks; (c) insufficient data submitted on
Patient Report Form: no evaluation possible, and (d) concurrent treatment with newly
initiated cytotoxic chemotherapy: patient response nonevaluable.

Results

Of a total number of 158 cases submitted in the study, 84 were evaluable
and 74 nonevaluable. Of the evaluable cases 14 (17 %) were categorized as
‘objective (and subjective) improvement’, 45 (54 %) as ‘subjective improvement
only’, and 25 (30 %) as ‘no improvement’. The indicated overall improvement

Table I. Categorization of evaluable cases in Investigational New Drug study of hydra-

zine sulfate
Site and/or type Objective Subjective No Total
of primary tumor and improvement  improvement  cases

subjective only
improvements

Brain (astro, glio)
Breast (all)
Colorectal-gastric
Gallbladder
Hodgkins, stage IV
Liver (primary)

Lung (all)

Melanoma
Neurosarcoma (neck)
Ovary (all)

Pancreas

Primary unknown

_* Prostate

Squamous cell (neck)
Testis

Tonsil (palatine)
Urinary bladder, ureter
Uterus (cervix)
Uterus (endometrial)
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Table II. Nonevaluable cases: reasons for exclusion from evaluation

Inadequate prognosis Inadequate drug trial, Insufficient New concurrent Total
survival time, weeks  weeks on drug data cytotoxic cases
chemotherapy

0-1 1-2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
— O |
31 25 15 3 74

rate was 59/84 cases, or 70 %. Of the nonevaluable cases, 31 (42 %) were in-
cluded under ‘inadequate prognosis’, 25 (34 %) under ‘inadequate drug trial’, 15
(20 %) under ‘insufficient data’, and 3 (4 %) under ‘newly initiated cytotoxic
chemotherapy’. Categorization of evaluable and nonevaluable cases is given in
tables I and II, respectively.

‘Improvements’

Improvements were noted in tumors from almost all of the 19 reported sites
of origin. No particular site of origin or tumor type was ‘most susceptible’ to
hydrazine sulfate therapy, although the largest number of cases came from colo-
rectal and lung carcinoma, which reflects the general incidence of these diseases
in the population. The duration of improvement was variable, being reported
from very temporary (1 week) to in excess of 1 year and continuing. It was
possible to obtain follow-up reports in only less than half of the improved cases.

Objective responses. Of the 14 reported objective responses, 7 (50 %)
showed measurable tumor regression; 2 of these were accompanied by a disap-
pearance of or reduction in neoplastic-associated disorders (effusions, jaundice,
etc.). An additional 2 (14 %) of the 14 cases were classified as long-term ‘stabi-
lized condition’, both of which represented preterminal lung cancers whose dis-
ease had been rapidly progressive prior to hydrazine sulfate therapy. They are
currently both alive and well 17 and 18 months after initiation of hydrazine
sulfate therapy, respectively; neither are on any kind of concurrent anticancer
therapy. The remainder of the 5 (36 %) cases were classified as objective re-
sponses on the basis of amelioration of neoplastic-associated disorders, accom-
panied by marked subjective improvements. (In this regard all 14 cases showed
subjective improvements.) All objective responses were also accompanied by
tumor-related laboratory improvements, where measured.

Subjective responses. A total of 45 cases displayed subjective improvements
only; this number, added to the foregoing 14 cases, gave a combined total of 59
subjectively improved cases. 48 (81 %) of these showed an increase in appetite
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Table III. Response analysis in improved cases

No con- Concur- Concur- Concur- Concur- Prior Prior Prior Total
current rent rent rent rent cyto- steroid  radia- cases
or prior  anti- steroid  steroid  steroid  toxic therapy tion
anti- cancer  therapy and and therapy therapy
cancer  (incl. only prior prior
therapy cyto- cyto- radiation
toxic) toxic therapy
therapy therapy
Objective 7 3 1 - 1 - 1 1 14
responses (50%) (21%) (%) (7% (7 %) (7 %)
Subjective 18 17 5 1 - 3 - 1 45 :
responses  (40%) (38%) (1% (2% %) Q% '

with either weight gain or a cessation of weight loss. 48 (81 %) showed an
_improvement in performance status as measured by an increase in strength,

“ulation or both. And 21 (36 %) showed a decrease in pain as measured by a
—ninuted need for analgesics.

Ongoing concurrent {or prior) anticancer therapy. Various of the improved
cases were treated with either steroids and/or cytotoxic chemotherapy and/or
radiation, prior to initiation of hydrazine sulfate therapy, as indicated in
table II1. In all these cases the noted improvements occurred after the addition
of hydrazine sulfate to the therapy. In regard to the objective responses 7 (50 %)
of the 14 cases were treated with hydrazine sulfate alone, without concurrent or
prior anticancer therapy of any type, while 7 (50 %) of the cases did receive
concurrent or prior anticancer therapy. In the subjective-only responses, 18/45
or 40 % of the cases were treated only with hydrazine sulfate, without concur-
rent or prior anticancer therapy, while 27 of the cases (60 %) did receive concur-
rent or prior anticancer therapy.

‘No Improvements’

Of the 25 ‘no improvement’ cases 2 (8 %) expired within 3—4 weeks after
initiation of hydrazine sulfate therapy; 2 (8 %) had very little information in
their Patient Report Form so that actual categorization became difficult; 9
(36 %) had a drug trial of only 3—4 weeks, and 14 (56 %) had concurrent anti-
cancer therapy which consisted of cytotoxic drugs, radiation, steroids or combi-
nations thereof. /n only 5 cases were these foregoing considerations not a factor,
ie., the patient had an adequate prognosis and drug trial, had no concurrent or
prior anticancer therapy, and had sufficient information submitted on his Pa-
tient Report Form to support a categorization of ‘no improvement’.
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Nonevaluable Cases

The general breakdown of categories of the 74 nonevaluable cases is given
above and in table II. Of a total of 31 of these cases excluded from evaluation
because of inadequate prognosis (survival time), 11 died within 1 week of initia-
tion of hydrazine sulfate therapy, 22 died within 2 weeks, and the full 31 died
within 3 weeks. Of a total of 25 additional cases excluded from evaluation for
reasons of inadequate drug trial, 8 were on drug for only 1 week or less, 14 were
on drug for 2 weeks or less, and the full 25 were on drug for 3 weeks or less.
Thus, of the 56 cases excluded from consideration for the foregoing two rea-
sons, 19 had a survival time or drug trial of 1 week or less, 36 had a survival time
or drug trial of 2 weeks or less, and the full number — 56 — had a survival time
or drug trial of 3 weeks or less.

Side Effects )

Side effects were determined on the basis of evaluable cases only and were
in general mild. They comprised: extremity paresthesias (5 %); this condition
was diminished or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin B¢ ) in excess of 25 mg daily; nausea (4 %), in
most cases transient; nontransient nausea was eliminated by a reduction of dos-
age or withdrawal of medication for a period of several days, then reinstitution
of treatment at lower dosage levels; dry skin or transient pruritis (3 %); 'dizzi-
ness’ (1%); ‘drowsiness’ (1 %), possible thrombophlebitis (1 %) (it was not
known whether this condition was drug-related). The total evaluable cases show-
ing side effects numbered 13/84 or an overall 15 %. There were no deaths
attributable to hydrazine sulfate therapy, either in the evaluable or in the non-
evaluable cases.

Discussion

It is important that a detailed analysis of a study of this nature include not
only the obviously improved cases as a result of hydrazine sulfate administra-
tion, but also the nonimproved and nonevaluable cases. Such factors as poor
patient and clinician selection as well as inadequate protocol planning, must be
assessed as to their quantitative contribution to the latter two categories.

Nonimproved and Nonevaluable Cases

Lack of proper patient selection, via inadequate patient prognosis and inade-
quate drug trial, contributed heavily to the large number of nonevaluable and
nonimproved cases. Minimum protocol-recommended prognosis was 2 months,
yet as many as 31/74 or 42 % of the nonevaluable cases were so designated
because of a survival time of 3 weeks or less, while in the nonimproved category
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2/25 or 8 % of the cases had a survival time of only 3—4 weeks. In addition, as
gy many as 25/74 or 34 % of the nonevaluable cases were so designated because of
"% an inadequate drug trial (3 weeks or less), while 9/25 or 36 % of the nonim-
«  proved cases had a drug trial of only 3—4 weeks. Thus, in the nonevaluable

category the number of combined inadequate prognosis and inadequate drug

trial cases totaled 56/74 or 76 %, while in the nonimproved category the number
of combined cases of ‘borderline-acceptable’ survival time and drug trial

(3—4 weeks) totaled 11/25 or 44 %. Such large percentages, representing inade-

quate prognosis and inadequate drug trial, must be attributed chiefly to improp-

. er patient selection and not to the occasional misevaluations which arise in any
<  study.

Lack of proper clinician selection was also an apparent factor in this study,
" manifest chiefly in those cases in which too little information was submitted. In
#4. the nonevaluable category as many as 15/74 or 20 % of the cases were so
4 designated because of lack of sufficient information upon which to make an
: evaluation. Even in the nonimproved category 2/25 or 8 % of the cases had only
a minimum of information submitted. Such numbers surely reflect a lack of
_interest or capability on the part of the clinician. (Indeed, inadequate patient
ielectlon itself may be a function of this type of clinician inadequacy.)

. Poor protocol planning, manifest by the acceptability of concurrent anti-
' cancer therapy, also had a major input in these two categories. In the nonevalu-
. able group 3/74 or 4 % of the cases were so designated because of newly ini-
;. tiated concurrent cytotoxic chemotherapy, rendering impossible any attributive
536, evaluation of patient response. In the nonimproved group as many as 14/25 or
. '*"i 56 % of the cases had ongoing concurrent anticancer therapy which was no
>longer producing demonstrable clinical benefit, but which could, by virtue of its
‘tmmunosuppressive and hematosuppressive effects, adversely affect or mask the
P¥; results of any new drug concurrently administered. Clearly, the protocol was
" weakened by inclusion of any type of concurrent anticancer therapy whatsoever.
Thus, in retrospect many of the cases which fell into the nonevaluable and
nommproved categories should properly never have entered this study. This
i circumstance could have been obviated by better patient and clinician selection
> a8 well as by a ‘tighter’ protocol. It is hoped that a careful categorization in this
” S.t.udy has dealt adequately with these factors.

Improved Cases

3 Despite the above-described considerations, a large number of clearly im-
proved cases emerged in this study. This improvement, moreover, was the result
* of administration of hydrazine sulfate alone in a large percentage of the cases
. and was not influenced by any other mode of concurrent or prior anticancer
therapy Table Il indicates that 50 % of the objectively improved cases (7/14)
were on hydrazine sulfate alone, with no prior or concurrent anticancer therapy;
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and 40 % (18/45) of the subjective-only responses were also the result of hydra-
zine sulfate therapy alone. This constitutes strong prima faciae evidence indica-
ting hydrazine sulfate to be a clinically active anticancer agent in itself. It is
important to remember that even in those cases which received concurrent or
prior anticancer therapy, the noted improvements occurred only after the addi-
tion of hydrazine sulfate to the treatment regimen. Thus, whether as a sole agent
or in combination with other agents, administration of hydrazine suifate to
advanced cancer patients is linked to marked anticancer responses.

Moreover, hydrazine sulfate is apparently not a ‘tumor-specific’ agent, as
can be seen from table I. Virtually all types of cancer — especially those which
ultimately promote a degree of host cachexia — are apparently susceptible to its
actions. Reports, in addition to those of this study, which have reached this
laboratory, indicate that the spectrum of disease beneficially affected by hydra-
zine sulfate extends to cancers arising from all organ systems and/or tissues in
the body. The most dramatic responses reported to date have been those with
primary lung neoplasms, although this observation may prove to be premature as
more and earlier cases are reported.

The duration of improvement has been unpredictable, but has generally
been longer in those cases responding objectively (as well as subjectively). Some
of the responses have been of very short duration. But others have been quite
lengthy. To date three cases in this study — two primary lung and one ovarian —
are alive 17, 18 and 21 months after institution of hydrazine sulfate therapy
alone, respectively; all three were previously considered terminal or preterminal.
Preliminary indications suggest that the improvements brought about hy hydra-
zine sulfate therapy — whether objective or subjective — have been accompanied
by extension in survival time and that the quality of this survival time was high:
patients who had obtained objective response and/or increased appetite, strength
and decreased pain as a result of hydrazine sulfate therapy, were reported to
have been restored to a more positive orientation toward living.

The duration of improvement may also be related to the degree of advance-
ment of the disease. The patients in this study were in general in the very latest
stages of disease, yet there were many improvements, some of which were
marked. However, it is generally regarded that any modality of anticancer thera-
py has its best chances of success when used early in the course of disease. And
this is probably true of hydrazine sulfate. There would seemingly be no disad-
vantage in instituting hydrazine sulfate therapy eaily in the course of disease,
especially in those cases where the ultimate clinical course is virtually unaffected
by any known therapeutic modality. Moreover, since the toxicity of hydrazine
sulfate is apparently of a low order of magnitude, unlike many of the cytotoxic
drugs whose ‘side effects’ can produce extreme patient discomfort and death, it
would seem prudent to investigate the effect of this drug on early patients,
rather than use it at the very last stages as a ‘resurrective’ type of therapy. If
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positive responses can be obtained in terminal patients — as indicated in this
5. study — it seems only reasonable that a greater degree of positive response could
- be expected in early patients, as is the case with many other anticancer modali-
ties.

& Side Effects

i The side effects of hydrazine sulfate are indeed of a very minor nature as
/‘ reported in this study, with the possible exception of ‘torpidity’ or ‘drowsiness’
j which had less than a 1 % incidence and occurred only in very advanced bedrid-
den case(s). The most frequent side effect, occurring usually after the 6th week
of therapy, appears to be the development of mild extremity paresthesias, partic-
. ularly of the fingers and toes. This condition reportedly can be diminished or
eliminated by dosage reduction and/or addition of vitamin B¢ (in excess of
- 25 mg daily) to the regimen. Other side effects such as nausea, pruritis, etc.,
§ 2ppear to be transient in nature and not a clinical problem, with few exceptions.
general, since hydrazine sulfate is not a cytotoxic agent, there have been none
f the severe side effects of these drugs reported with its use, and this is especial-
' true of hematopoietic-suppressive effects. Hydrazine sulfate does not depress
_'bone marrow. On the contrary, several of the cases of this study with
lvanced prostatic or breast cancer showed net elevations in hemoglobin, hemat-
rit and platelets within 2 weeks of initiation of treatment. This observation
has been confirmed in many case reports not a part of this study and thus is in
ntrast to the cytotoxic drugs, one of the prime limitations of which are their
ematosuppressive effects. Finally, hydrazine sulfate has not been demonstrated
clinically to possess immunosuppressive properties, although this must await
rification by further basic studies.

Concluding Remark

.. Hydrazine sulfate therapy is a new type of chemotherapy. Its clinical use at
sent represents a beginning. Whether a study with any new drug is positive or
gative, it must always be evaluated in terms of the ‘state of the art’. Hydrazine
ulfate represents the first of a class of new agents designed to interrupt host
 Participation in cancer. Other agents in this class now in development may prove
be far superior to hydrazine sulfate. In addition, adjunctive agents to hydra-
sulfate therapy may also prove to be very important. In this respect it has
lready been learned by this laboratory that administration of a substance inter-
;fering with triglyceride synthesis, can greatly potentiate the anticancer action of
- hydrazine sulfate (paper in preparation). For these types of reasons it must be
mphasized that the clinical potential of hydrazine sulfate-like drugs in cancer
.- has only just begun to be explored, and much further work lies ahead before a
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Hydrazine Sulfate in Cancer Patients With Weight Loss

A Placebo-Controlled Clinical Experience

ROWAN T. CHLEBOWSKI, MD, PHD," LINDA BULCAVAGE, MN, RN,” MARY GROSVENOR, RD, MS.t
RAYNELLE TSUNOKAI, BS,* JEROME 8. BLOCK, MD,” DAVID HEBER, MD, PHD,}
MICHELLE SCROOC, RD,t JOAN S. CHLEBOWSKI, MD.§ JOCELYN CHI, MD,*

ENGIN OKTAY, MD.§ STEVE AKMAN, MD,* AND ISHRAT ALl, MD§

Hydrazine sulfate was evaluated using 24-hour dietary recalls and body weight determinations before and
after 30 days of either placebo or hydrazine (60 mg, 3 times/d) oral administration in 101 heavily pretreated
cancer patients with weight loss. After 1 month, 83% of hydrazine and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P < 0.05). In addition, appetite im-
provement was more frequent in the hydrazine group (63% versus 25%, P < 0.05). Although caloric intake
was only slightly greater in hydrazine-treated patients, an increased caloric intake was more commonly
associated with weight gain in patients receiving hydrazine compared with those receiving placebo (81%
versus 53%, respectively). Hydrazine toxicity was mild, with 71% of patients reporting no toxic effects.
Hydrazine sulfate circulatory levels were obtained from a subset of 14 patients who completed 30 days
of treatment, with a single sample obtained in the morning at least 9 hours after the last dose. Mean
maintenance hydrazine sulfate levels, determined using a spectrofluorometric assay, ranged from 0 to 89
ng/ml (mean 45 + 16 ng/ml). These data, which demonstrate an association between 1 month of hydrazine
sulfate administration and body weight maintenance in patients with cancer, suggest future clinical trials
of hydrazine sulfate are indicated to definitively assess its long-term impact on important clinical outcome
parameters in defined cancer populations.

* Cancer 59:406-410, 1987.
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WEIGHT LOSS commonly accompanies cancer de-
velopment and is associated with an adverse
prognosis.'~* Although intensive caloric support now can
be provided such patients, clinical trials evaluating caloric
provision alone have not reported improved outcome for
chemotherapy-treated populations with advanced can-
cer.*® As a result, consideration of potential mechanisms
underlying the development of weight loss in the cancer
population has led to development of alternative strategies
for clinical intervention in these patients. Altered glucose
metabolism is a common metabolic abnormality in cancer
patients with weight loss,”"!* and it has been suggested
that the inappropriate activation of pathways of glucose
metabolism leads to futile cycling and cachexia devel-
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opment in this population.'* If this hypothesis is correct,
amelioration of the abnormal carbohydrate metabolism
could provide a therapeutic approach to the adverse out-
come associated with cachexia development in the cancer-
bearing host.

We previously demonstrated that hydrazine sulfate is
metabolically active, improving the abnormal glucose
tolerance and reducing the increased glucose production
rates seen in cancer patients with weight loss.'> We now
report clinical observations on short-term hydrazine sul-
fate use in a cancer population with weight loss using a
prospective placebo-controlled study design.

Materials and Methods

The criteria for inclusion in this trial were: a diagnosis
of advanced cancer; weight loss greater than 10% from
usual body weight: absence of severe hepatic or renal dys-
function (bilirubin greater than 3 mg/dl and/or creatinine
greater than 2 mg/dl); and normal mental status. Patients
with a known history of diabetes mellitus or those receiv-
ing corticosteroid therapy were ineligible. Patients with
ascites or clinically significant edema were not entered to
avoid confounding weight determinations. Patients were
entered either prior to receiving systemic chemotherapy
or when a new systemic therapy program was initiated

406




i

PR

1or disease progression. Measurable disease parameters
were not required, and concurrent chemotherapy was
permitted. Both initial and repeat assessment of ali study
parameters, however, were conducted at least 2 days be-
fore and 4 weeks after chemotherapy administration.
After informed consent was obtained, patients under-
went an initial assessment of nutritional parameters, in-
cluding caloric intake as described below. Patients sub-
sequently were treated with capsules containing hydrazine
sulfate (60 mg) or placebo which were prepared by Ana-
bolic, Inc. (Irvine, California). Hydrazine sulfate was given
under IND 17, 671 from the Food and Drug Adminis-
tration (FDA) (obtained by Dr. Chlebowski). All insti-
tutional requirements for human subjects review were
met. The treatment program consisted of an escalating
schedule of capsules containing either hydrazine sulfate
or placebo until the full dosage of 60 mg, 3 times/d given
before meals, was reached beginning on the 8th day. This
program was based on the extensive Russian experience.'®
Patients were contacted weekly to assess compliance and
kept daily compliance diaries. The validity of daily com-
pliance diaries was checked against intake based on re-
turned prescription bottles. Following 30 days of either

_- agent, the assessment of body weight, caloric intake, and

“ther parameters was repeated.

During the initial and repeat evaluation, all patients
received determination of body weight measured on the
same printing scale; anthropometrics, including tricep
skinfold thickness, mid-arm muscle circumference, and
serum albumin: caloric intake using a 24-hour dietary
recall history obtained by nutritionists and computer an-
alyzed to give protein, carbohydrate, fat, and energy con-
tents of the diet. Expected caloric intake was normalized
for each patient by weight based on a calculated recom-
mended daily allowance (RDA). Toxic effects of treatment
and influence on appetite were determined by question-
naire.

In a subset of 14 patients, blood samples for hydrazine
sulfate circulatory levels were obtained as a morning sam-
ple taken at least 9 hours from the last oral dose following
30 days of treatment. Hydrazine sulfate levels were mea-
sured using a defined'®'” spectrofluorometric assay in
which reaction of hvdrazine sulfate with dimethylami-
nobenzaldehyde produces a colored derivative. Fluores-
cence was subsequently determined in an Aminco Bow-
man (Silver Spring. MD) spectrophotofluorometer with
an excitation wavelength of 466 nm and emission wave-
length of 546 nm.

All patients were given defined, uniform dietary coun-

-selling based on nutritional status at entry to insure com-
parability of dietary information available to patients on
hydrazine or placebo treatment. The nutritional guidelines
all patients were provided with were designed to duphcate
a routine clinical dietary assessment that would be ex-

pected to be a component of a cancer patient’s standard
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TaBLE 1. Pretreatment Characteristics of Cancer Patients Receiving
Hydrazine Sulfate or Placebo

Treatment received

Hydrazine Placebo

Number entered 71 30
Age In years

Median 56 59

Range 32-77 36-77
Sex (% Male) 61% 65%
Disease type

Lung 46 1S

Colon 13 4

Other breast 4 3

Esophagus 2 3

Nasopharvngeal 3 1

Hepatocellular i 2

Ovanan 2 1

Prostate 0 ]
Performance score

(0orl) 14% 23%

(2or3) 86% 77%
Nutritional status

% Weight loss (mean) 17% 14%
Caloric intake

290% of RDA 39% 41%

<90% of RDA 61% 59%
Albumin gm/dl (Mean) 4 33
Concurrent chemotherapy 78% 74%

RDA: recommended daily allowance.

clinical management. Enteral tube feedings or parenteral
nutritional support was not given any patient while on
study.

A total of 101 patients with advanced cancer underwent
initial evaluation. Sixty-one consecutive patients (includ-
ing all 30 patients given placebo and 31 given hydrazine)
were randomly assigned treatment in a double-blind fash-
jon with treatment assignment based on published ran-
dom-number tables. An additional 40 patients received
hydrazine sulfate and represented a consecutive series of
patients seen in the Clinical Research Center meeting en-
try criteria for the trial. Statistically significant differences
between hydrazine and placebo groups relative to pre-
treatment clinical factors were sought using chi square
contingency table analyses and Student’s ¢ test. The sta-
tistical differences between hydrazine and placebo treat-
ment were determined using the two-group ! test.

Results

A total of 101 patients with a variety of advanced can-
cers underwent initial evaluation. Patients receiving hy-
drazine sulfate or placebo were comparable with respect
10 tumor type, age, sex, performance score, nutritional
parameters and chemotherapy experience (Tables 1 and
2). The compromised nutritional status of the study pop-
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TaBLE 2. Concurrent Chemotherapy of Cancer Patients Receiving
Hydrazine Sulfate or Placebo According to Disease Type

Study arm
Chemotherapy given Hydrazine Placebo
Lung cancer (n) 46 15
PACcO 5 4
PVB 12 7
ACcO 9 2
ACO 2 0
No chemotherapy 8 2
Colon cancer (n) 13 4
5-FU 2 I
5-FU + vitamin K 7 |
No chemotherapy 4 2
Other disease sites (n)* 12 11
No chemotherapy 4 3

P: cisplatin (Platinol); A: doxorubicin, (Adriamycin), C: cyclophos-
phamide; ¢: CCNU; O: vincristine (Oncovin); 5-FU: S-fluorouracil; V:
vinblastine; B: bleomycin; 5-FU + vit K: S-fluorouracil plus vitamin K,
(Synkavite).

* The patients with other disease sites received a variety of regimens
which included cisplatin in 62% and 50% of instances for the hydrazine
and placebo group, respectively.

ulation is demonstrated by the 16% average weight loss
experienced by the overall population. Of this advanced
disease population with weight loss, 58 patients were able
to complete repeat evaluations after 30 days of treatment
(41 were given hydrazine; 17, placebo). Early disease pro-
gression and/or death accounted for almost all cases not
having repeat study. Only two patients refused repeat
evaluation.

The influence of 30 days of hydrazine sulfate or placebo
therapy on study parameters for all entered patients who
underwent repeat evaluation is outlined in Table 3. Weight
was maintained or increased in a higher proportion of
patients receiving hydrazine sulfate compared to placebo
therapy (83% versus 53%, respectively; P < 0.05). The use
of weight loss as a study parameter was not compromised
by the development of ascites or significant edema, as this
did not occur in any patient over the 30 day period of

TaBLE 3. Influence of 30 Days of Hydrazine Sulfate or Placebo on
Nutritional Status of Cancer Patients With Weight Loss

Hydrazine Placebo
n=41* n=17
Weight maintained or
increased (>2.5 kg) 83%+t 53%
Improvement in appetite 63%t 25%
Caloric intake increased
(> 10% over baseline) 51% 37%
Increased calonc intake
associated with weight
gain (>2.5 kg) 1%t 53%

* Number completing initial and repeat study.
t P < 0.05 hvdrazine compared to placebo group.
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observation. Anthropometrics were unchanged over the
30-day study period. Caloric intake was only slightly
higher in the hydrazine treated population. When all pa-
tients experiencing an increase in caloric intake were con-
sidered, however, weight gain was seen in a significantly
higher proportion of patients receiving hydrazine sulfate
while increasing caloric intake compared with those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were closely comparable in
the 31 patients entered as part of the randomized trial
when compared with the 40 patients added as a consec-
utive series. The results for the patients receiving hydrazine
or placebo who were entered as part of the randomized
trial were: weight maintained or increased, 71% versus
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus 37%; and increased caloric
intake associated with weight gain, 77% versus 53% for
the hydrazine versus placebo patients respectively. In ad-
dition, results in groups receiving or not receiving con-
current chemotherapy reflected those obtained in the en-
tire group.

Thirty-five patients with cancer other than small cell
lung cancer (the predominant tumor type studied) com-
pleted serial evaluation, with 26 receiving hydrazine sul-
fate and nine receiving a placebo. In the lung cancer pa-
tients, weight maintenance or increase was achieved in
83% of those receiving hydrazine sulfate compared with
33% of those receiving the placebo.

The short term hydrazine sulfate regimen used in this
trial was well tolerated by study participants. Compliance
forms were returned by 90% of patients who completed
repeat evaluations, and indicated that 95% of the sched-
uled dose was taken by the study population completing
30 days of therapy. The mean maintenance plasma hy-
drazine sulfate levels obtained from a subset of 14 patients
ranged from 0 to 89 ng/ml with a mean value of 45 * 16
ng/ml. Clinical toxicity of patients receiving hydrazine
sulfate was limited largely to mild to moderate nausea
and lightheadedness with 71% of patients reporting no
toxic effects from hydrazine use (Table 4). Treatment was
discontinued for toxic effects in 10% of patients receiving
hydrazine; while 6% of patients receiving placebo had
treatment stopped for “toxic effects.” Significantly, par-
asthesias or hypoglycemic symptoms were not reported
by any patient receiving hydrazine in this tral.

Discussion

Short-term administration of hydrazine sulfate was
better than a placebo in maintaining body weight and
improving appetite in patients with advanced cancer in
the current clinical experience. The weight effect appar-
ently resulted from an increase in the effectiveness of the
ingested calories, since a higher proportion of patients
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w0 increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have reported'® between weight maintenance and
improved glucose metabolism in hydrazine-treated cancer
patients suggests that interruption of abnormal metabolic
pathway function may underlie the improved nutritional
status seen with hydrazine sulfate in the current trial. If
this hypothesis can be confirmed, hydrazine sulfate could
represent one of a new class of metabolic/hormonal
agents'*-?' directed at influencing the abnormal metab-
olism seen frequently in patients with cancer.

No prior clinical experience with hydrazine sulfate in
cancer patients has prospectively evaluated caloric intake
or included a placebo control population. Single-arm
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parameters.'>*
In the American experience, Gold?? reported that 70% of
the treatment group demonstrated subjective improve-
ment, including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or decreased pain, as measured
by need for analgesics. In the Russian experience,
Gershonovich!3?? reported that 50% of patients receiving

Fvdrazine sulfate as their sole therapeutic intervention

“jeved moderate or marked improvement in cachexia

.th associated favorable symptomatic effects on appetite
and pain. Not all clinical studies of hydrazine sulfate have
shown benefit. In three small trials of hydrazine sulfate
(all entering less than 30 patients) where reduction in tu-
mor size was used as a major therapeutic endpoint, little
benefit was reported.?*2¢ The clinical effects of hydrazine
sulfate on body weight observed in the current study in
conjunction with the metabolic effects of hydrazine that
we reported in 1984'2 now provides a strong rationale for
further studies designed to assess the impact of hydrazine
sulfate on clinical outcome in defined cancer populations.

Surprisingly, thirty-seven percent of weight-losing can-
cer patients given placebo in this trial increased their ca-
loric intake by more than 10%, and 53% of the placebo
group maintained or increased their body weight over the
l-month observation period. This result in the placebo
population may have been related to the nutritional
counseling that was given in identical fashion to patients
on both treatment arms in this study. Placebo controls
clearly are important in trials designed to alter and assess
nutritional parameters in cancer populations.

The study protocol employed in our trial was not de-
signed to assess the influence of hydrazine sulfate on tumor
growth characteristics. The short 30-day period of treat-

#™.ent and entry criteria preclude assessment of hydrazine

ilfate influence on this parameter. Almost all of our pa-
tients with advanced solid tumors refractory to initial
therapy, however, demonstrated no change in tumor di-
mensions during the 1-month period of observation.
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TABLE 4. Patient Tolerance of Hydrazine
Sulfate or Placebo Treatment

% of Patients Treated

Hydrazine Placebo
No toxic effects 1% 84%
Nausea and vomiting )
Mild 12% 12%
Moderate 5% 0%
Lighi-headedness 17% 6%
Treatment discontinued for toxic effects 10% 6%

The relative lack of toxicity of short-term hydrazine
sulfate administration in a 60 mg 3 times/d schedule to
a large cancer population receiving other concurrent che-
motherapy treatment was noteworthy. In the previous
limited clinical experience,'*?*?* only one report has em-
phasized significant toxicity; Ochoa and coworkers?* re-
ported a 50% incidence of polyneuritis associated with
hydrazine sulfate use in a 29-patient experience. In three
trials'>222% and the present report, polyneuritis was seen
in less than 1% of the more than 500-patient cumulative
experience. The lack of toxicity in the current experience
can be documented further by the good compliance re-
ported by the patients in their diaries. The latter result is
interesting considering the somewhat wide range of hy-
drazine sulfate maintenance circulatory levels observed
in the pharmacokinetic component of this trial. However,
these results are consistent with developing pharmaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration.!” These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulatory levels to as-
sess hydrazine sulfate bioavailability and permit correla-
tion with metabolic, nutritional and clinical endpoints.

Conclusion

This experience with hydrazine sulfate in an advanced
cancer population points to a potential role for this agent
in maintaining weight in patients with cancer cachexia.
Whether maintenance of body weight under these con-
ditions will be associated with improvement in important
clinical outcome variables and overall survival will require
future prospective, long-term, placebo-controlled evalu-
ation in cancer populations with less advanced disease
given defined systemic therapy. Such studies in the non-
small cell lung cancer population are currently in progress.
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Abstract. In a series of 84 various evaluable disseminated cancer patients treated with
hydrazine sulfate as a result of a pharmaceutical-sponsored investigational new drug (IND)
study, it was found that §9/84 or 70 % of the cases improved subjectively and 14/84 or
17 % improved objectively. Subjective responses included increased appetite with either
weight gain or cessation of weight loss, increase in strength and improved performance
status and decrease in pain. Objective responses included measurable tumor regression,
disappearance of or decrease in neoplastic-associated disorders and long-term (over 1 year)
‘stabilized condition’. Of the overall §9 subjective improvements 25 (42 %) had no concur-
rent or prior (within 3 months) anticancer therapy of any type. Of the 14 objective im-
provements 7 (50 %) had no concurrent or prior anticancer therapy. Of the remaining cases
in which there was either concurrent or prior anticancer therapy, improvements occurred
only after the addition of hydrazine sulfate to the treatment regimen. Duration of improve-
ment was variable, from temporary to long-term and continuing. Side effects were mild,
comprising for the most part low incidences of extremity paresthesias, nausea, pruritis and
drowsiness; there was no indication of bone marrow depression.

Hydrazine sulfate has been used as an investigational new drug (IND) for
over 1 year in the treatment of advanced cancer. Its proposed mechanism of
action is as a gluconeogenic blocking agent at the phosphoenolpyruvate carboxy-
kinase (PEP CK) reaction, attenuating host energy loss as a result of increased
gluconeogenesis in cancer and therefore interrupting the sysremic cycle of ru-
mor-energy gain—host-energy loss (tumor growth—host cachexia) (1, 2). Early
reports indicated that hydrazine sulfate, administered orally to advanced cancer
patients, resulted in marked subjective and objective imnrovements (3), subjec-
tive improvements including increase in appetite, cessation of weight loss and/or
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weight gain, improved performance status, and decrease in pain; objective im-
provements included measurable reduction in tumor size and reduction in or
disappearance of neoplastic-associated disorders (effusions, jaundice, etc.). Dura-
tion of improvements was reported as variable and side effects, minimal. In
further reports (4), in which hydrazine sulfate was used in conjunction with
conventional chemotherapy in patients with disseminated neoplasia, it was un-
clear as to which type of therapy resulted in the reported subjective and objec-
tive improvements. The present report, undertaken as a pharmaceutical-spon-
sored IND study and representing a series of 84 evaluable cases of various
terminal and preterminal cancer patients, indicates a high degree of anticancer
activity in patients treated with hydrazine sulfate alone.

Procedures and Protocols

Physician selection. This study was the result of separate inputs of many clinicians —
oncologists as well as others — whose participation was under pharmaceutical IND sponsor-
ship. As such, this study is designated as ‘uncontrolled’.

Patient selection. Patients with any type of disseminated neoplasia, who no longer
responded to chemotherapy and/or radiation, were considered eligible for hydrazine sulfate
therapy. A minimum prognosis of 2 months was recommended.

Drug and protocol. The drug consistec of 100 % purity hydrazine sulfate mixed with
an inert starch in capsular form (pharmaceutical IND preparation) for oral administration.
Protocol of drug administration was as follows: 60 mg q.d. X 4; 60 mg b.i.d. X 4; then
60 mg t.i.d. as maintenance. In patients weighing less than 50 kg, dosages were halved (i.e.,
30 mg q.d. X 4; 30 mg b.i.d. X 4; then 30 mg t.i.d.). In the event that a b.i.d. schedule
produced satisfactory results, this dosage schedule was maintained at the clinician’s discre-
tion. In no event was a single dosage ever to exceed 60 mg.

Concurrent anticancer medication. The continuing use of concurrent anticancer medi-
cation was acceptable if it was no longer producing a demonstrable anticancer effect by
itself.

Data presentation. A 4-sheet data page (‘Patient Report Form') was required to be
completed by the clinician during the course of treatment of each patient. These data sheets
included the following information: detailed history, site of tumor and metastases, prior
treatments (defined in this study as any type of anticancer therapy given within 3 months of
the initiation of hydrazine sulfate therapy; prior treatment data included dates of therapy,
types and quantitation), concurrent medications, performance status evaluation, objective
tumor size and site evaluations, subjective observation ratings and check list, laboratory
data, clinician’s statement of patient evaluation prior to hydrazine sulfate therapy, clini-
cian's statement of evaluation of results of hydrazine sulfate therapy, clinician’s evaluation
of side effects of hydrazine sulfate therapy. and clinician's signature.

Criteria for designation as ‘improvement’. Designation of subjective improvements was
made on the basis of improvements indicated in the subjective observations rating check list
and-or affirmation of improvement in the clinician’s statement under ‘clinician evaluation’
section. In general a subjective improvement was based on a quantitatively measurable or
estimable parameter such as strength (number of hours ambulatory, quality of ambulation,
etc.), appetite (food intake), weight (scale measurement) and pain (quantitative need for
analgesics). Objective improvements were designated on the basis of measurable reduction in
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tumor size, long-term (1 year or more) ‘stabilized condition’ in a previously rapidly growing
neoplasm, and disappearance of or reduction in neoplastic-associated disorders. Each case in
this category was to be supported by related laboratory measurements, where possible.

Criteria for designation as ‘nonevaluable’. Cases were deleted from evaluation for any
of the following reasons: (a) inadequate prognosis: patient survival of less than 3 weeks;
(b) inadequate drug trial: drug trial of l=ss than 3 weeks; (¢) insufficient data submitted on
Patient Report Form: no evaluation possible, and (d) concurrent treatment with newly
initiated cytotoxic chemotherapy: patient response nonevaluable.

Results

Of a total number of 158 cases submitted in the study, 84 were evaluable
and 74 nonevaluable. Of the evaluable cases 14 (17 %) were categorized as
‘objective (and subjective) improvement’, 45 (54 %) as ‘subjective improvement
only’, and 25 (30 %) as ‘no improvement’. The indicated overall improvement

Table 1. Categorization of evaluable cases in Investigational New Drug study of hydra-
zine sulfate

Site and/or type Objective Subjective No Total
of primary tumor and improvement  improvement  cases
subjective only
improvements

Brain (astro, glio)
Breast (all)
Colorectal-gastric
Gallbladder
Hodgkins, stage [V
Liver (primary)

Lung (all)

Melanoma
Neurosarcoma (neck)
Ovary (all)

Pancreas

Primary unknown
Prostate

Squamous cell (neck)
Testis

Tonsil (palatine)
Urinary bladder, ureter
Uterus (cervix)
Uterus (endometrial)
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Table II. Nonevaluable cases: reasons for exclusion from evaluation

Inadequate prognosis Inadequate drug trial, Insufficient New concurrent Total
survival time, weeks  weeks on drug data cytotoxic cases
chemotherapy

0-1 -2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
 SSUUR—— | S — |
31 25 15 3 74

rate was 59/84 cases, or 70 %. Of the nonevaluable cases, 31 (42 %) were in-
cluded under ‘inadequate prognosis’, 25 (34 %) under ‘inadequate drug trial’, 15
(20 %) under ‘insufficient data’, and 3 (4 %) under ‘newly initiated cytotoxic
chemotherapy’. Categorization of evaluabie and nonevaluable cases is given in
tables I and II, respectively.

‘Improvements’

Improvements were noted in tumors from almost all of the 19 reported sites
of origin. No particular site of origin or tumor type was ‘most susceptible’ to
hydrazine sulfate therapy, although the largest number of cases came from colo-
rectal and lung carcinoma, which reflects the general incidence of these diseases
in the population. The duration of improvement was variable, being reported
from very temporary (1 week) to in excess of 1 year and continuing. [t was
possible to obtain follow-up reports in only less than half of the improved cases.

Objective responses. Of the 14 reported objective responses, 7 (50 %)
showed measurable tumor regression; 2 of these were accompanied by a disap-
pearance of or reduction in neoplastic-associated disorders (effusions, jaundice,
etc.). An additional 2 (14 %) of the 14 cases were classified as long-term *stabi-
lized condition®, both of which represented preterminal lung cancers whose dis-
ease had been rapidly progressive prior to hydrazine sulfate therapy. They are
currently both alive and well 17 and 18 months after initiation of hydrazine
sulfate therapy, respectively; neither are on any kind of concurrent anticancer
therapy. The remainder of the 5 (36 %) cases were classified as objective re-
sponses on the basis of amelioration of neoplastic-associated disorders, accom-
panied by marked subjective improvements. (In this regard all 14 cases showed
subjective improvements.) All objective responses were also accompanied by
tumor-related laboratory improvements, where measured.

Subjective responses. A total of 45 cases displayed subjective improvements
only; this number. added to the foregoing 14 cases, gave a combined total of 59
subjectively improved cases. 48 (81 %) of these showed an increase in appetite
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Table III. Response analysis in improved cases

No con- Concur- Concur- Concur- Concur- Prior Prior Prior Total
current  rent rent rent rent cyto- steroid  radia- cases
or prior anti- steroid  steroid  steroid  toxic therapy tion
anti- cancer  therapy and and therapy therapy
cancer  (incl only prior prior
therapy cyto- cyto- radiation
toxic) toxic therapy
therapy therapy
Objective 7 3 1 - 1 - 1 1 14
responses  (50%) (21%) (%) (7% (7 %) (7 %)
Subjective 18 17 ) I - 3 - 1 45
responses 40%) (8% (1% Q% %) (2 %)

with either weight gain or a cessation of weight loss. 48 (81 %) showed an

improvement in performance status as measured by an increase in strength,

=~bulation or both. And 21 (36 %) showed a decrease in pain as measured by a
" inuted need for analgesics.

Ongoing concurrent (or prior) anticancer therapy. Various of the improved
cases were treated with either steroids and/or cytotoxic chemotherapy and/or
radiation, prior to initiation of hydrazine sulfate therapy, as indicated in
table III. In all these cases the noted improvements occurred after the addition
of hydrazine sulfate to the therapy. In regard to the objective responses 7 (50 %)
of the 14 cases were treated with hydrazine sulfate alone, without concurrent or
prior anticancer therapy of any type, while 7 (50 %) of the cases did receive
concurrent or prior anticancer therapy. In the subjective-only responses, 18/45
or 40 % of the cases were treated only with hydrazine sulfate, without concur-
rent or prior anticancer therapy, while 27 of the cases (60 %) did receive concur-
rent or prior anticancer therapy.

‘No Improvements’

Of the 25 ‘no improvement’ cases 2 (8 %) expired within 3—4 weeks after
initiation of hydrazine sulfate therapy; 2 (8 %) had very little information in
their Patient Report Form so that actual categorization became difficult; 9
(36 %) had a drug trial of only 3—4 weeks, and 14 (56 %) had concurrent anti-
cancer therapy which consisted of cytotoxic drugs, radiation, steroids or combi-
nations thereof. /n only 5 cases were these foregoing considerations not a factor,
Le., the patient had an adequate prognosis and drug trial, had no concurrent or
prior anticancer therapy, and had sufficient information submitted on his Pa-
tient Report Form to support a categorization of ‘no improvement’.
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Nonevaluable Cases

The general breakdown of categories of the 74 nonevaluable cases is given
above and in table [I. Of a total of 31 of these cases excluded from evaluation
because of inadequate prognosis (survival time), 11 died within 1 week of initia-
tion of hydrazine sulfate therapy, 22 died within 2 weeks, and the full 31 died
within 3 weeks. Of a total of 25 additional cases excluded from evaluation for
reasons of inadequate drug trial, 8 were on drug for only 1 week or less, 14 were
on drug for 2 weeks or less, and the full 25 were on drug for 3 weeks or less.
Thus, of the 56 cases excluded from consideration for the foregoing two rea-
sons, 19 had a survival time or drug trial of 1 week or less, 36 had a survival time
or drug trial of 2 weeks or less, and the full number — 56 — had a survival time
or drug trial of 3 weeks or less.

Side Effects

Side effects were determined on the basis of evaluable cases only and were
in general mild. They comprised: extremity paresthesias (S %); this condition
was diminished or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin Bg) in excess of 25 mg daily; nausea (4 %), in
most cases transient; nontransient nausea was eliminated by a reduction of dos-
age or withdrawal of medication for a period of several days, then reinstitution
of treatment at lower dosage levels; dry skin or transient pruritis (3 %); ‘dizzi-
ness’ (1%); ‘drowsiness’ (1 %); possible thrombophlebitis (1 %) (it was not
known whether this condition was drug-related). The total evaluable cases show-
ing side effects numbered 13/84 or an overall 15%. There were no deaths
attributable to hydrazine sulfate therapy, either in the evaluable or in the non-
evaluable cases.

Discussion

It is important that a detailed analysis of a study of this nature include not
only the obviously improved cases as a result of hydrazine sulfate administra-
tion, but also the nonimproved and nonevaluable cases. Such factors as poor
patient and clinician selection as well as inadequate protocol planning, must be
assessed as to their quantitative contribution to the latter two categories.

Nonimproved and Nonevaluable Cases

Lack of proper patient selection, via inadequate patient prognosis and inade-
quate ‘rug trial, contributed heavily to the large number of nonevaluable and
nonimproved cases. Minimum protocol-recommended prognosis was 2 months,
yet as many as 31/74 or 42 % of the nonevaluable cases were so designated
because of a survival time of 3 weeks or less, while in the nonimproved category
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2/25 or 8 % of the cases had a survival time of only 3—4 weeks. In addition, as
.;; many as 25/74 or 34 % of the nonevaluable cases were so designated because of
an inadequate drug trial (3 weeks or less), while 9/25 or 36 % of the nonim-
proved cases had a drug trial of only 3—4 weeks. Thus, in the nonevaluable
category the number of combined inadequate prognosis and inadequate drug
trial cases totaled 56/74 or 76 %, while in the nonimproved category the number
of combined cases of ‘borderline-acceptable’ survival time and drug trial
(3—4 weeks) totaled 11/25 or 44 %. Such large percentages, representing inade-
quate prognosis and inadequate drug trial, must be attributed chiefly to improp-
er patient selection and not to the occasional misevaluations which arise in any
- study.
i Lack of proper clinician selection was also an apparent factor in this study,

manifest chiefly in those cases in which too little information was submitted. In
i the nonevaluable category as many as 15/74 or 20% of the cases were so
"" designated because of lack of sufficient information upon which to make an
3 '.~ evaluatxon Even in the nommproved category 2/25 or 8 % of the cases had only

& sclecnon itself may be a function of this type of chmcmn madequacy )
A Poor protocol planning, manifest by the acceptability of concurrent anti-
W% cancer therapy, also had a major input in these two categories. In the nonevalu-

56 % of the cases had ongomg concurrent anticancer therapy which was no

>longer producing demonstrable clinical benefit, but which could, by virtue of its
- immunosuppressive and hematosuppressive effects, adversely affect or mask the
$9L; results of any new drug concurrently administered. Clearly, the protocol was
" weakened by inclusion of any type of concurrent anticancer therapy whatsoever.
Thus, in retrospect many of the cases which fell into the nonevaluable and
“nonimproved categories should properly never have entered this study. This
& circumstance could have been obviated by better patient and clinician selection
3% a3 well as by a ‘tighter’ protocol. It is hoped that a careful categorization in this
£ l't.udy has dealt adequately with these factors.

Improved Cases

Despite the above-described considerations, a large number of clearly im-
ng: proved cases emerged in this study. This improvement, moreover, was the result
'*- of administration of hydrazine sulfate alone in a large percentage of the cases
. and was not influenced by any other mode of concurrent or prior anticancer
. therapy. Table 11l indicates that 50 % of the objectively improved cases (7/14)
were on hydrazine sulfate alone, with no prior or concurrent anticancer therapy;
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and 40 % (18/45) of the subjective-only responses were also the result of hydra-
zine sulfate therapy alone. This constitutes strong prima facize evidence indica-
ting hydrazine sulfate to be a clinically active anticancer agent in itself. It is
important to remember that even in those cases which received concurrent or
prior anticancer therapy, the noted improvements occurred only after the addi-
tion of hydrazine sulfate to the treatment regimen. Thus, whether as a sole agent
or in combination with other agents, administration of hydrazine sulfate to
advanced cancer patients is linked to marked anticancer responses.

Moreover, hydrazine sulfate is apparently not a ‘tumor-specific’ agent, as
can be seen from table I. Virtually all types of cancer — especially those which
ultimately promote a degree of host cachexia — are apparently susceptible to its
actions. Reports, in addition to those of this study, which have reached this
laboratory, indicate that the spectrum of disease beneficially affected by hydra-
zine sulfate extends to cancers arising from all organ systems and/or tissues in
the body. The most dramatic responses reported to date have been those with
primary lung neoplasms, although this observation may prove to be premature as
more and earlier cases are reported.

The duration of improvement has been unpredictable, but has generally
been longer in those cases responding objectively (as well as subjectively). Some
of the responses have been of very short duration. But others have been quite
lengthy. To date three cases in this study — two primary lung and one ovarian —
are alive 17, 18 and 21 months after institution of hydrazine sulfate therapy
alone, respectively; all three were previously considered terminal or preterminal.
Preliminary indications suggest that the improvements brought about hy hydra-
zine sulfate therapy — whether objective or subjective — have been accompanied
by extension in survival time and that the quality of this survival time was high:
patients who had obtained objective response and/or increased appetite, strength
and decreased pain as a result of hydrazine sulfate therapy, were reported to
have been restored to a more positive orientation toward living.

The duration of improvement may also be related to the degree of advance-
ment of the disease. The patients in this study were in general in the very latest
stages of disease, yet there were many improvements, some of which were
marked. However, it is generally regarded that any modality of anticancer thera-
py has its best chances of success when used early in the course of disease. And
this is probably true of hydrazine sulfate. There would seemingly be no disad-
vantage in instituting hydrazine sulfate therapy early in the course of disease,
especially in those cases where the ultimate clinical course is virtually unaffected
by any known therapeutic modality. Moreover, since the toxicity of hydrazine
sulfate is apparently of a low order of magnitude, unlike many of the cytotoxic
drugs whose ‘side effects’ can produce extreme patient discomfort and death, it
would seem prudent to investigate the effect of this drug on early natients,
rather than use it at the very last stages as a ‘resurrective’ type of therapy. If
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‘ positive responses can be obtained in terminal patients — as indicated in this

. study — it seems only reasonable that a greater degree of positive response could

» be expected in early patients, as is the case with many other anticancer modali-
ties.

; Side Effects
. The side effects of hydrazine sulfaie are indeed of a very minor nature as
~ reported in this study, with the possible exception of ‘torpidity’ or ‘drowsiness’
&¢ which had less than a 1 % incidence and occurred only in very advanced bedrid-
: den case(s). The most frequent side effect, occurring usually after the 6th week
& of therapy, appears to be the development of mild extremity paresthesias, partic-
“ularly of the fingers and toes. This condition reportedly can be diminished or
eliminated by dosage reduction and/or addition of vitamin B (in excess of
> 25 mg daily) to the regimen. Other side effects such as nausea, pruritis, etc.,
appea: to be transient in nature and not a clinical probiem, with few exceptions.
general, since hydrazine sulfate is not a cytotoxic agent, there have been none
ESf the severe side effects of these drugs reported with its use, and this is especial-
3; .true of hematopoietic-suppressive effects. Hydrazine sulfate does not depress
"bone marrow. On the contrary, several of the cases of this study with
dvanced prostatic or breast cancer showed net elevations in hemoglobin, hemat-
Frocrit and platelets within 2 weeks of initiation of treatment. This observation
has been confirmed in many case reports not a part of this study and thus is in
contrast to the cytotoxic drugs, one of the prime limitations of which are their
matosuppressive effects. Finally, hydrazine sulfate has not been demonstrated
ically to possess immunosuppressive properties, although this must await
ﬁﬁcation by further basic studies.

A *‘ Concluding Remark

A ‘ Hydrazine sulfate therapy is a new type of chemotherapy. Its clinical use at
; ﬁluent represents a beginning. Whether a study with any new drug is positive or
negatxve it must always be evaluated in terms of the ‘state of the art’. Hydrazine
ate represents the firsr of a class of new agents designed to interrupt host
icipation in cancer. Other agents in this class now in development may prove
be far superior to hydrazine sulfate. In addition adjunctive agents to hydra-

dready been learned by this laboratory that admxmstratlon of a substance inter-
fering with triglyceride synthesis, can greatly potentiate the anticancer action of
<hydrazine sulfate (paper in preparation). For these types of reasons it must be
emphasxzed that the clinical potential of hydrazine sulfate-like drugs in cancer

has only just begun to be explored, and much further work lies ahead before a
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