
A. INGREDIENT NAME:

DIAMINOPYRIDINE (3.4-]

B. Chemical Name:

3,4-Pyridinedkine

C. Common Name:

3,4-DAP, CSH7N3

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

98+%

E. Information about how the ingredient is supplied:
a.

Pale brown c~stalline powder

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

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. NEnglJMed, 1989; 321:1567-1571.

Russell, J. W. Treatment of stable chronic demyelinating polyneuropathy with 3,4-
diaminopyridine. A4ayoClin Proc, 1995; 70:532-539.

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

McEvoy, K. M. Clinical evaluations in myasthenic syndromes. NEngl JMe~ 1989; 321:
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Bever, C.T., Andersq P. A., and Leslie, J. Treatment with oral 3,4 diaminopyridine
improves leg strength in multiple sderois patients: results of a randomized, double-blind,
placebo-controlled, crossover trial. Neurolo~, 1996; 47(6): 1457-1462.

OK S. J., Kirq 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. A4uscleNerve,
1997; 20(9): 1146-1152.

Ark, B., Varli, K., and Ozdiri~ E. 3,4-dkminopyridme in childhood myasthenia:
double-blind, placebo-controlled trial. JChiZdNeurol, 1996; 11(6): 458-461.

AiseL M. L., Sevill~ D., and Edelste~ L. A double-blind placebo-controlled study of
3,4-diaminopyridine in amytrophic lateral sclerosis patients on a rehabilitation unit. J
Neurol Sci, 19%; 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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PRC)DUC’ZNO:

PRODI.JCT:

CERTWICA~ OF ANALYSIS

1824

3+l”Di~op@dhe
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We hereby certify that batch 03630 of the above product has been tested with the
following results:

Appearance:

Melting point:

Elementi Analysk:

Nitrogen:
Carbon:

Hydrogen:

QuaW’ Conkol Manager

Pale brown crystalline powder~~

Darkens 213°C

Found(%)

38,53
54.79

6.49

Theory(z)

38.50
55.03

6.47

9 July 1991

30 Wcember 1997
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QUALITY CONTROL REPORT
-----
~

CHEMICAL NAME .: DIAMINOPYRIDINE (3,4)

MANUFACTURE LOT NO. :3630

PHYSICAL TEST

/NF /MARfr.SPECIFICATION T’EsT sT~~Ds :Usp /Bp_/mRcK_ —
_/CO . SPECS ._.

—

l)DESCRIPTION .:
PALE YELLOW TO YELLOW CRYSTALLINE POWDER; SLIGHT ODoR.

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

3)MELTING POINT.:

MELTS AT ABOUT 218-720 PP WT~ DEcOMPOSITION.

r-.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:

PASSES. :

K.

FAILS .:

0
COMMENTS. :ABOVE TEST IS CARRIED OUT BY VISUAL OBSERVATION DUE TO LESS AMOUNT

SAMPLE. CHEMICAL IABEL NAME ON BOTTLE - 3, 4-DIAMINOPYRIDINE, 98+ ~.

ANALYST

PREPACK

RETEST .

.n.

SIGNATURE. : DATE. :

TEST .: DATE. : INITIAL. :

DATE. : INITIAL. :



MATERIAL SAFETY DATA SHEET

Sigma-Aldrich Corporation
1001 West Saint Paul Ave, Milwaukee, WI 53233 USA

~. .~
ld 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

D2 ,445-5

---.

------ ------ ------ IDENTIFICATION ------ ------ ------ -

PRODUCT #: D2445-5 NAME: 3,4-DIAMINOPYRIDINE, 98%
CAS #: 54-96-6
MF: C5H7N3

SYNONYMS
3,4-DIAMINOPYRIDINE * DIAMINO-3,4 PYRIDINE * SC1O *

------------------ TOXICITY HAZARDS ----- ----- ----- ----

RTECS NO: US7600000
PYRIDINE, 3,4-DIAMINO-

TOXICITY DATA
IPR-MUS LD50:20 MG/KG JMCMA.R 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 (CONWLSIONS 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.

k14

-------------------- PHYSICAL DATA ------ ------ ------ --

ELTING PT: 218 C TO 220 C
APPEARANCE AND ODOR

LIGHT-TAN POWDER
------------ FIRE AND ExpLOSION HAZARD DATA ----- ----- .

EXTINGUISHING MEDIA
WATER SPRAY.
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM.

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHING APPARATUS AND PROTECTIVE CLOTHING TO
PREVENT CONTACT WITH SKIN AND EYES.

------------------- REACTIVITY DATA ------ ----- ----- ---

‘–--9MPATIBILITIES

w= RONG OXIDIZING AGENTS
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS

TOXIC FUMES OF:
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES

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

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



mstmat]on ot caroacrtol eye arops ana lasts Ior 4

[o 8 hours; reduc[ion in intra-ocular pressure lasts
for 8 hours,
Carbachol is also administered in[ra-ocuiarly, 0,4
to 0.5 mL of a 0,01% solution being instilled into
the an[erior chamber of the eye, to produce miosis
in catarac~ 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 [o 48
.~ , hours,

Carbachol has been used as an alternative [o cath-
e[erisation in the trca[mem of urina~ retention in
a dose of 2 mg given three times dady by mouth.
For the actsre symploms of postoperative urinary
retention doses of 250 Kg have been given subcu-
taneously repeated twice if necessary at 30-minute
intervals. Carbachol should not be given by the in-
travenous or intramuscular routes.

Carkhol does no! readilypenetratethe corneaand eye
drops are usuallypreparedwith a wemrrgagenr [o en-
hancepenewation.A lipid-solublederivative.N-dcmedryl-
medcarbacholhas keenstudiedfor use m zlaucoma.l
1. Hung PT. c1 a( Ocular hyputcnwvc effccls of N.dcmethyl.

ated cmbachol on open mglc glaucoma. Arch Ophthalmol
1982; 100: 2624

Ocular surgery, Some consider carbachol to be dre agem
of choice for the management of increased imra-oculsr
pressure after cataract extraction.12
1. Ruiz RS, rr al Effects of carbwhol and ace!ykhohne on

intraocular pressure after cmrac! exrract!on. Am J Ophrhd-
mol 1989: t07: 7-1o

2. Hollands RH, CI al Control of inwsocular pressure after
cmaract eamction. Con J Ophh+mol 1990: 2S: 128-32,

Urinary incontinence. For a discussion on the use of
parasympathomimetics in [he managemem of urinary in-
continence. see under uses and Administration of
Bcthanechol chloride. pi] 13.

Proprietary Names
Carbamann, Doryl. lsopIo Karbakolin. Mioslat. Spersacatba~
chol. o
Multi-ingredient preparations. Beswulms,GT 50, Mms, Ris-
unal A, RistmalB.
Preparationdetails arc pvcn in Pan 3.

Choline Alfeascerate @R@h)

Choline Alfoaccrme(r/NN/.
-.-: Choline GlyceropboaphatKL-a-Glycerylphosphorylcholine.

Choline hydroxide. (ff)-2.3dihydmxypropyl hydrogenphos-
phate. inner saft.
C8H2J406P = 257.2.

CAS—28319.77.9.

Choline alfosce!we is repwed ro have choline~ic acliwty
and has been wied b} mrravenous or m!ramuscular admm-
istra:lon in the treatment of Alzheimer’s disease and o[her
dementias

References.
1, Trabucchi M, rr al Cbangcs m the m!cracl!om between

C!4S cholincrmc md dommmcrebc neurons md.ced bv L.O.
glyce~lphosp;owlchollric, a ch;hnom!mmc dreg. Fainwco
(SrII 1986 41: 3!3-34.

2 DI Pcrri R. ●r al A mulltccntrc ma] to evalualc the effica-
c! and mlcrabtl!t> of u.pl!cer! lphosphor>Icholine vcrWs
cytosme dnphosphccholmc m pauents w!!h vascular dcmcn.
[m J /nf Md RrJ 1991. 19: 33041

Proprietary Names
Brezal, Deleclt. Ghalilm.
F4eparat,onde!aiisare pvcn m Pm 3.

Demecarium Bromide (4~1~.n}

Demecarium Bromide (BAA’, rlNNi.
BC-48. NA’’-Decame!hylenebis(NNwimethyIy3-methylyl-
carbamcryloxyrmilinium)dibromide.
C32H52Br2N404= 716.6.

CA S—Sb-94-O.

Phomux-opor;as In 1’X

A whm or sllghtly yellou. sbghtl! hygroscoplc. U’YStai-
Ime pwder. Freely soluble in wmer and alcohol: soluble
in ether: spwmgl) soluble in acecone. A I?< solution in
u,mer ht~ a pH of 5 10 7. Store ]n anmghl comainers
protect from 1igh[

.Adverse Effects
As for Neost!gmine ~le!h) Isulpha!e. p 1116 and Ecorhio-
paIe Iodide. below The antlchollnewerasc action of deme-

~- czrium, and hence m adverse effects. ma> be prolonged.

Pralidoxime & been repo~ed to be more active in comr-
renscting the effects of dyffos and ecorhiopare than of de-
mecarium.

Uses and Administration
Densecarium is a quatemary ammomum compound which
is an inhibitor of cholines!erasc wi!h actions similar to
those of ecothiopatc (see below). IIS miotic ac!ion begins
wilhin atwut 15 to 64 minutes of its application smd may
persist for a week or more. h causes a reduc;lon in intra-
ocular pressure which is maximal in 24 hours and may
persist fur 9 days or more.
Demecarium brumide has been used in Ihc rrearmem of
OWWW!Ie giaucoma parliculady in aphakic patients. and
those m whom cxber agents have proved inadequate. The
dosage varies, 1 102 drop of a 0.125% or 0.25% aoJu-
lion being insiilled from Iwice weekly to twice daily,
prefembly at bedtime.
Denwcarium bromide has also been used in the diagnosis
and management of accommodative convergent strabismus
(esorsopia).

proprietary Nanaes
Humonol. Tosmikst.
Prepamriondetails Sre given in Parr 3,

3,4-Dlaminopyridhre (l=-m)

3,4-Diarrrinopyridine has similar ac!ions and uses to 4.
aminopyridisse(see p. I I12) but is reported to be more po-
mas!in enhancing the release of accrylcholine from nerve
tennimds.

Administrationof 3.4-diaminopyridineby mouth m daily
doses of up 10 lfMmg in a double-blind. placebo-conrroi-
ied. crossover study was found 10 be effective in the
oarrsem of both the motor and autononric deficits of 12
patients with Edton-f-amben syndrome. One paticm re-
ceiving 100mg daily had a singtc seizure after 10 months
of therapy but adverse effects in other patients were min-
imal and &e-related, In 4 patients addition of pyidoatig.
mine to treatment prcduced additional bcnefi!s.- MCEVOY
KM a al. 3,4-DimrIinoPwi~ ore Ouunml of I.xmtclr-sxlm
myasshrmcsyndmrrrcN Engl J Mrd 1989. 321: IS67-71.

Distigmine Bromide (4S13.h}

DrsrigrnineBromide(BAN,r/NNJ.
BC-5t; Bisp@osrigmine Bromide: ffexansarium Bromide.
3.3'-[N.N-Hexarnethyelenebis(medrylcsubantoyloxy)lbis(1-
rncdsylpyidbdum bromide).
C22H32Br2N404= 576.3.

CAS— 15876-67-2.

Phorrrsacopoeias. In Jpn.

Adverse Effect.% TreatmenC and Precautions
As for Neostigmine.p.1Ii6. The arnicholines!erase action
of distignrinc. and hence its adverse cffecrs. may be pm-
Ionged, and if trearmenf wrth atropine is reqwred i!
should be mamtained for at leas! 24 hours.

Absorption and Fate
Dis[igmine is poorly absorbed from the gasrra-intestinal
tract.

Uses and Administration
Disrigrnine is a quaremary ammonium compound which is
an mhibtior of cholinestemse ac!ivny with actions similar
10 those of neostigmine (see p.1I17) but more prolonged.
Maximum inhibition of plasma chohnes!crase occurs 9
hours after a smRle intramuscular dose. and persists for
about 24 hours. -
[t is used in the prevention and treatment of postoperative
imes!inal arony and urinary rccenhom 500 vg of dis[ig-
mme brom]de may be injected intramuscularly about 12
hours after surge~ and may be repeated eve~ 24 hours
until normal function is rcs]orcd. It may also be given by
mouth m a dose of 5 mg daily thiny mmutes before
breakfast. A similar dose by mouth. given daily or on al-
ternate days. has been employed in the management of
neurogenic bladder.
Distigmine bmmidc in conjuncuon with shon-acting para-
sympathomimetics has been given for the treatment of
myasthenia gmvis, bu! should on)! be given by mouth.
Doses of up to 20 mg ddy for adults and up to 10mg
daily for children have been used. adjusd according to
urdwidual response.

Proprietary Names
Ubre!id.
Prcparammdaails are gwen m Pan 3.

Dyflos {.t5]4-m~

Dyflos {BAN).
DFP, Dlftuorophate; Dt-tsopropyl Fluorophosphate: D)-iso-

cJfl;Fo;P =‘184.1.

1

. .
,.

CAS— 55-9[+. ., ,,
Phormacopoekm. In LrS. .,

.,
A C]W. colourfeas, Or fasndy yeilo,~ liquid. s;
ny about 1.05, Spamsgly soluble m watec ~
cohol and vegetable oils. h Is decomposed~
with the evolution of hydrogen fiuOrlde.St~~
15° in scaled containem

JCAUTION.The vopour of dyfios is very Io.ric.c
morerial shoufd be itrrmcrsed in a 2% aqutoU ~
sodium hydroxide for several hours DY@$ ~
moved frorrr rhe skin h~ washing wirh soap ~

Adverse Effeeta

4
As for NeostigrrrirseMerhylsulphale, p. II 16 &
pare Iodide. Mow.
The ansicholinexreraseaction of dyflos, and d
verse effects, may be prolonged. Its va~ b
irritating to the eye snd mucous membr~,,:1
Systemic toxicity dao occurs,after intralafi~#
pour. Prolonged use of dyflos us the eye ma. ~
Iy reversible depigmemxion of the lid m
skinned patients 7
Treatment of Adverse EtYects and &
As for Ecorfr@re Icdide, p,] 115.

;.
Absorption and Fate .:
Dyffos is readily isbaorkd from the gascro-&!
fmm skin and mucous membranes, and f~
Dyflns in[eracts with cholines!erases prcd .,
phoaphonylated and P4sosphovlated derivarivegl
then hydrolyses by phospho~lphospha~ n
ucfs of hydrolysis art excreted mainIy in I

Uaea and Administration

4

.:

DYfi~ k an irreversible inhibitor of CM”
actions similar so those of ecothkrpafe (see AI
Ios haa a powerful miotic action which beg
10 nsinutes and may persist for up to 4 w
a EdUCdOtlill ilttra+du presSUmwhich iir

1
24 bouts and may persist for a week. .
Dyflos is used mainly in the wealment tif:
glaucoma pardcrdarty m aphakic patients, I
agents have proved snadquate. It is also ~
diagnosis and management of accornmas . . .
strabismus (eaoempia). A
Dyffos is adnriniswted locally usually aa a<(
dsafmic oimmem preferably at night beforeR

..*
Proprietary Names
D1ffupyl. Ftoropsyl.

{

,Jo

Preparationda”ls me given in Parr 3. ‘.,1
-, W

IkothiopateIodide wlm “::1
Ecothiopate iodide is an irreversiu
choiineaterase with a prolonged durafiql
It is saaedas a miotic in the treatment d
when other agents have proved inadequ

,CJ
Ecoffsiopate Iodide (BAN, rINN). -d
Echotilophate Id]de; Ecostigmine ld
(2-Diethoxyphosphinylthioethyl)- ~.,,:?

JCAS— 6736-034 (eco[hiopate): -$~3-104
pale iodide}.

Pharmacopoeias. In Br., Cr., Jpn and US. ‘“,”‘im

A WK:Wcrystalline hygmscopic powder with= i
odou[. Soluble I in I of water, I in 25 of ~
in 3 of methyl alcohol: practically inwlubl~?
ganic solvents. A solulion in waler has a PHd
The B.E requires storage between 2° d ~~
reqmrea storage preferably at a tr.mperar
Store in atilght containers. Protecl from h~

Adverse Effects
.....

i

k

As for Neostigmine Methylsulphate, p.!!.,
Ecothiopatc is an irreversible cholinest~

&i[oc its action, and hence its adverse ~
be prolonged. -?
Plasma and eryrhrocyte cholinestera% !
minished try treatment with eye drgps.’
pate, or other iong-acting anticholm@
systemic toxicity occurs more frequently!
shorter-acmtg miotics, Acute iri!is, ~
mem, or precipitation of acute glauc~
casionally follow treatment with ecoq
iris cysts (especially in children) or @
may develop following prolonged n’@~



os slightly yellow, slightly hydroscopic. crystalline
Freely soluble in water and in atcohol; soluble in

~bngly soluble in acetone. A 1% solutionin warer
of5 to7,Store in airrightconrainera.protectfrom
,:,

he Effects
Neostigrnine,p. 1422 and Ecodtiopate Iodide,
.,For adverse effects of miotics, see also Pilo-

, #p.1426.
s;.
Wrnent of Adverse Effects
~~othiopate Iodide, p. 1420,

,m”mehas been reported to be more active in
&acting the effec~ of dyflos and ecothiopate
t of demecarittm.
h’
~tions

~Neostigmine, p. 1423 and Ecorfriopate Iodide,
m. For precautions of miotics, see also Pilo-
&, p.1426.

~ and Administration
-urn is a quatern~ ammonium compound
*is a reversible inhibitor of choiinesterase with

1% duration of action similar to that of ecothio-
~iodide (see p, 1420). Its miotic action begins

K about IS to 61) minutes of its application and
~Persist for J week or more. [t causes a reduction
! k-ocular pressure which is maximal in 24

~ andmay persist for 9 days or more.
=Um bromide has been used in the treatment

~~-angle glaucoma pafiicuiwly in aphakic pa-
R ~d those in whom other aeents have moved

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

Preparations
Nomes of prepsrauons me listedbelow:deuu]sareyven in Part 3
Official Preparations
USP 23: Dcmecarium Bromtdc Ophthalmic Soluuon.
Propsieeary Preparations
UK.Tosmllent:USA:Humorw[.

3,4-Diaminopyridine (ls~+m)

3,4-Diaminopyridine has similar actions and uses LO
fampridine (see p.1421) but is reported to be more
potent in enhancing the release of acetylcholine
from netwe terminafs. It is used in the Eaton-Lam-
bert myasthenic syndrome and other myasthenic
conditions. It has been tried in multiple sclerosis and
in botulism.

No improvementwas observed with 3,.ldkursinopyridine in r
coramlled study of patients with chronic demyelinating neu-
mparhy.1
i. Russell JW. et al. Treatment of stable chrome demyelinminu

F57Fkopathy w!lh 3.4-dia.mUnopyrldmc.,WuvfJC/in Pro;
1995:7Q 532-9.

Eaton-Larnbert myasthenic syndrome. Administration
‘of 3,4-diaminopyridine by mouth in daily doses of up to

l$Qt-pghas been foundto b ~Ive in the rrmtment of bottr
the motorand autonomicdeficitsof patients with Eaton-f..am-

-berr syndmrrrcI A usual srarringdose of ~ given three m
-four times daily increasing if necessaryto a maximumof
‘@og given five !imes daily has been .Sed.z Adverse effects
aPpcar tObs mamiy mdd and dose related.1Most patients ex-
perience some formof paresthesia up to 60 minu[esafier ad-
mlnlstra[ion,!.~ 3,& Diaminopyridinc can produce mild
excirato~ effects and some pauems mayexperiencedifficulty
in sleeping. Them have teen isolated mpona of seizures and
3,4-diaminopyridine is therefore contra-indicated in palients
with epilepsy. Other treatments of i%ion-Lamberrmyaathenic
syndmrswarediscussedon p.14I4.
1. h$,&qXM. eJ al. 3,+Dwmmopyridincm he rremmenrof

Lambcn-Emon mvaa!hcruc svndrome. N End J Med 1989:
321: IS67~71. ‘

2. ~av!s J. MyMsenia gravis and [he L.smbcrr-Ealon
myas!hemcsyndrome. Pmlcnbers” J I W3; 33: ?05-2 12.

Distigmine Bromide (4513-h)

OistigmineBromide(WJ, rlNN).
EC-5I: BispyndosrsgmmeBromide Hexamanum Bromide.
3,3'-[N,N'-Hexamethylenebis(methylcarbamoyloxy)]bis(1.
methylpyndimumbromide).
C12H128r1N404 = 576.3.
(X5 — 15876-67-2.
PhmrnocofweaJs.In]pm

Adverse Effects, Treatment+ artd Precau-
tions
As for Neostigmine, p. 1422. The anticholinesterue
action of distigmine, and hence its adverse effects,
may be prolonged, and if treatment with atropine is
required it should be maintained for m least 24
hours.

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

Uses and Administration
Distigntine is a qtmremary ammonium compound
which is a reversible inhibitor of cholinesterase ac-
tivi~ with zctions 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.
It is one of several ~gents that may be used in the
mevemion and treatment of ~ostoperative intestinal

IF
+uate (see p. 1414), The dos~ge varies,’1 to 2 ‘

*of a O.125% or 0.25% solution being instilled
~tony (see p. 1193). It Malso used in urinary reren-
tlon. although catheterisation is generally preferred

‘ice weekly to twice daily, preferably at bed- (see p.489). A dose of 500 pg of distigmine bromide
..Demecwium bromide has also been used in may be injected intramuscularly about 12 hours af-
‘SOosis and management of accommodativeI ter surgery and maybe repeated every 24 hours until

mbol tdenotes a preparation no longer actively marketed

,,
.

Carbachol/Dytlos 1419

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

Distigtine bromide in conjunction with shorr-act-
ing parasympathorrtimetics 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
treoted with parasympathomimetics tend to prefer
pyridostigrrtine (see p. 1415), Doses of up to 20 mg
daily for adults and up to 10 mg daily for children
we given, adjusted according to individual response.

Preparations
Namss of preparations m listed below; details arc given in Pan 3.
Pmprierary Prqsarattoru
.+USL;Ubretid: Auwrtd.: Ubm!id: .Eirc: Ubreud: Gcr: Ubretid;
Ncrh.:Utnwid;S.A/r: Ubretid:SWK: I_Me!id:UK; Ubrctid.

Dyflos (+slq-m)

Dyflos(MN).
DFP Difluomphate: Di-isopropyl fluorophosphace: DI-Iso-
propytfluomphosphonatq Fluos6gmine; Isoflumphate. DI-
isopropylphosphomfluoridate.
C&Hl+F03P = 184.1.
CAs— 55-91-4.

PhormocopoeiosInUS.

A clear, colourteaa. or fainrtyyellowliquid.Specificgravity
about1.05.Sparinglysolubleinwatecsoluble in alcohol and
in vegetable oils.It is decomposed by moisture wlrh the evo-
[unonof hydrogen fluoride. Store at 8° to 15° in scaledcon-
tainers.

cWS70N.The vapaur of ifyjos is very toxic. lle eyes, nose,
and moulh should be protected when handling dxr?os. &
comacr withlhe skin should be avoided DYJYOScan be rE-
moved fmm the skin by wo.rhing with soap and water Con-
taminated material should fre immersed in a 2% aqueous
sohaion of sodium hydruxide for several hours.

Adverse Effects
As for Neostigmine Methylstdphate, p. 1422 and
Ezodsiopate Iodide, p. 1420. For adverse effects of
miotics, see rdso 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-skimed patients.

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

Precautions
As for Neostigrnirse,p. 1423 and Ecothiopate Iodide,
p. 1420. For precautions of rniotics, see afso 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 phosphoVlated
derivatives which are then hydrolyses by phospho-
rylphosphatases. These products of hydrolysis are
excreted mainly in the urine.

Uses and Administration
Dyflos is an irreversible inh]bitor of cho[inesterase
with acuons similar to those of ecothiopate iodide
(see p. 1420). Dyflos has &powerful miotic ~ction
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.

1,
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5 3,4- Diaminopyridine
~

! I
al.. J. Arm Chem. Sot. 81, 1518 (1959): U.S. ~

N% ( 1960 to American Cyanamid). 3

:!~.
,’

v. “.-2
hwls.’; P. Singh, J.

Chens. Sac. I%& 2379; J. n. UampOetl et al.. J. Hetemc~L
Chars. 23, 669 (1986). HPLC determn in serum: J. Lcdie.
C. T. Bevcs, J Chroma@g. 4%, 214 (1 989). Acute toxicity:
P. Lechat C?al.. Arrrs Pharm. Fmnc. 26, 345 (I %8). Effecr
on ncurorrruscular transmission: J, Molgo er aL. Eur. J.
Pfrarmocof. 61, 25 (1980); R. H. Thomsem D. F. Wilson. 1
PharmacoL Exp. Ther. 227, 260 ( 1983). #aa.$n4rss
ht,m~n hntuli.m: A. P. Ball et al.. Quarr. M . . 3

h+-

( JY(T ~iini=rewhus!ions in m asth

* :Ia:’y:,el of.. ., ~,, , ;
ed 321, 15

J. ,Yeuro~ Neu”msu~.
(1991) in m~nplc sclerosw: C. T. Bever, Jr. er al.. Am.
NeumL 27, 421 ( 1990); idenr, ibid 36, S118 (1994).

f?N%l
v’1,

NH2

~ {

Liquid. bp~ 174- 17~. ng 1,546.
>

sulfate. C1,HmN20#.crystals from eth~ol {
110-111”. .. . .

Yore: This is a controlled substance (opiate) i
U.S. Code of Federal Regulations. Tide 21 m
(1995).

lTrERAPCAT: Arsaigcsic (narcolic).
4

3033. Diaastft8zoleDibydrocfrlotide. 6-f2-(D
nokthox.v]-,V..W fimerh.rl-2-6enzothi a:olamine W
nude; 6-(2 -tdieth ylamirro Mhoxy]-24imethWami~
zolr dihydnschlonde: 2-dimethylammo-6 -f&&...=
ethoxy)bcnzothiazole dihydrochloride: dirnazofe,~
chloride; Ro-2-2453; Asrcrol Dihydrochlorids Ald
HHCI N)OS; mol W! 366.35. C 49. IS%, H 6.
19.35!!, N I I .477., 0 4.37% S 8.75% Prepn: S@
Ier, U.S. pat. 2.S78,757 (1951 to Hoffmann-b W

q ,
,: h 1y

I
Cry$!als. dec 26V, rnp 240-24 Y. Freafy sol q

metharsof. ethanol. A 570 aq soln has a pH of ~1
Ncaffea from water, mp 22W (Clark-Lewis, .Shsgh); aJso THEM? CAT: Antifungal. .~,

~ reported as white to bck8e cryslals from water, mp 218-219’

1!

(Gsrstpbell). Readdy sol in water, akcohol; dighdy sol in 3034. Diamyl .SOdhrm Srslfoettccismte. SM

ether. LD~ iv. in mice: 13 mg/kg (f..dsm). oic acr’d 1,4-dipenryl ester sodium salt: su!fasucz...

USE: [nWrrscdiate in synthews of heterocyclic COMpdS. perrtYI ester sodium salt: Aerosol AY; AfP~l Al
,.. NaO#: moi wt 360.40. C 46.66% H 6.%%. Na

~
3030. Diamond. A crystalline form of cdscrrs, Mined 31 .08% S 8.9070. The ~myl or I -mc!hylbutyl dia

i

as a minerzd. princrpafly in South Africa. (Non-commercial) monnaodium salt of sulfosuccinic acid or a miaN
synthesis from other carbon compds (e. g.. ligmn) by means Wetting agent prepcl by the action of the apPtoP

F
of efevaced tswrperaturcs (about 2701Y) and pressures (about hols on makic anhydride followed by addtion of !
800.000 Ibslsq inch): Desch, Narure 152. 148 (1943); Neu- sulfi[e: Jaeger, U.S. pa!s. 2,02S,091 and 2J76J

[:,
haus, Angew. Chem 66, 525 (1954): HsL1, Chem Errg. N’ews 1939 to Am. Cyanam!d).
33, 718 ( 1955); Bndgman, Sci. Amer. 1955, 46 Hail, J.

:(

Chem. Ed. 38, 484 ( 1961); Bundy, Ann N. X Acad. SCL YOI.

!
105, art 17, pp 951.982 ( 1964). Books: S. Tolansky, HLs-
fory and Use oj” Diamond (London, 1%2) 166 pp; R. Bcr-
msn, Physica[ Pmpernes OJ’Diamond (Oxford, 1965) 442 PP

Face-centered cubic crystal lattice. Bums when heated
with a hot enough flame (over SW, oxygen torch). d: Na+

( 3.513. tr~ 2.4173. Hardness = 10 (Mobs’ scale). Sp heat
-o.~:xij

oat 100X: 0,606 cal/g. atom/”K. Entropy at 298. l&K: Y

I

0.5684 cal (g-atom /TC, Band gap energy: 6.7 ev. Drekctnc
consrant 5.7. Electron mobility: _ 18C0 cmJ/ v-see. HOIC Available as a m]xture of whtte, hard pellets and

mobility: 12(YJcm~ ~v-see. can be pulverized in a swel mor- SoIy m water at 2.7 = 392 glliter; a! 7@ = 5--

tar. Artackcd by laboratory-type cleaning soln (potassntm Maximum concn of electrolyte soln in which 1?%of

Achromate + coned HZS04). fn the jewelry Irade the urm Orsg agm! is sol: 3-0 NaCl: 2--tTo NH,CI (w*
of werght for diamonds IS one carat = 200 mg. ffe,f.’ W’al/ (N H4)IHP04 (turbid): 4% NaNOj (sl[ghtly Wti

.%eet J. 164, no. 36, p 10 (Aug 19, 1964). Na$O, (very slighrly turbtd). Also sot in pine!

USE: Jewelry. Polishing, grinding, cuftirtg @ass, tings acid, acetone. hot kerosene, carbon tet rachlodw~

for delicate mstmmersts; manuf dms for tungsten wire and hot olive oil; insol in Iiq Petrolatum. Susf- ~

similar hard wires, making styli for recorder heads. Iong- 0001’7. = 694 dyn/cm. 0,027. = 68.3
Iasong phonograph nccdks. In s.ms!conduc!or research. ~~:= 50.2 dyn/cn: 0.2570 = 41 6 dyn/crIS; l%

dyn /cm. [nterfacral tension ITo )n water m tiq~
3031. Diamond Ink. Etching mk. A mmture of HF, Iatum: 5 seconds = 7.55 dyn:cm: 30 ~o~

BaS04 and fluorides dynlmsr; 15 minutes = 7.03 dynfcm Inteti@
Milky-white liq wrh a heavy sedmcrrt. Shake well before O.1°. In water vs. I!qutd p-errolatum. 5 mrsda

using and warm gently m a !ead dish. Keep in pfa.srrc. )rard- dy’n/cm: 30 seconds = 28.6 dyn/cm: 15 rmnu~
rublwr or lnrern. Para/jin-coored fwt[ex dyn/cm. Stable ,n ac,d and neutral solns. hytff

USE: For etching glass, dkailnc solns. j

3032. Diampromide.
USEV.LJ.L\ftfhvlf :.phenvlethvl)amt As emulsifier {n crrruis(on polymerizstiofi

wcltlng 3Sent
no]pmp.vl]-.V-phen vlpropanum ide: ~ -(2-( meth.ybhmefh.viam I-
no)pwp.vl]pmptona nllide. C:, H=N70. mol wt 32447 C 3035, 1.2-Dianilinoethane. V,.\ ’-Dtphmyi-l,
‘- ‘4-,. H 8 7W~. N ? 03’_c. O 4 Q3~, Syn[hcsfs Wright v! d,am,ne: Y..V-diphcn v[erhv[cnt.diamt ne: ,V,.V-d@

7

Pue 506 Cmz.rulI !ht .Vame Index before ustrrg fhis wctton. i
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sclerosis patientfisults of a randomized, double-blind,
placebo-controlled, crossover trial. >

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

Department of Neurology, School of Medicine, University of Maryland,
Baltimore, USA.

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

97120056

To examin~v and toxicity of oral 3,4 diaminopyridine (D~ in
d~ 100 mf@ay~ tiple sclerosis (MS) enrolled
in a randomized, double-blind, placebo-controlled, crossove~e
primary outcome measure was improvement of a prospectively defined
necrologic deficit, which was kg weakness in 34 patients. Secondary
outcome measures included the patient’s subjective response, scored
manual motor testing (MMT) of leg strength, scored kg strength from
videotaped motor testing (VMT), quadriceps and hamstrings strength
(QMT) measured by isometric dynamometry, neuropsychological testing
(NPT), ambulation index (AI), and Expanded Disability Status Scale
(EDSS) score. Paresthesia and abdominal pa~were comrno=e~~
dose limiting ima~s. Three patients had episodes of confusion,—- —_ ——.-------
a~~~~~eut had a“’~iure w~nii~~lght patients witi -frmn
thpy, leaving 28 ~v=-~en~or the ~fflcacy analysis. The
prospectively defined ~ov~4 Ratients-22 on_DAP
and 2 on placebo (p= .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. QAP treatment can in~ce improvements
in leg st~h in MS patients,_but toxicity is~ng in many patients.
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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-diami~ridine
which is not readilv ava Lilable in the United States! is recommended as the

‘7sed low-dose guanidine and pyridostigmine
ts 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.
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. 3,4-diaminopyridine in childhood myasthenia: double-blind,
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97118599

~tswith COn~enital and five with juvenile m asthenia gravis,
•~ -aged 5 to 24 years, were given 3,4-diaminopyridme m a doub e- md,——_

placebo-controlled, crossover study. Clinical improveme~
.

S of 11 congenital m~asthenia Patients&and placebo effect, in 3 of 11.
Juvenile myasthenia patients did not respond. Singldiber
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 def~ts of
neuromuscular transmission resulting in congenital myasthenia syndromes.
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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. Mile, MD; J.R. Hebel, PhD; K.L. Conway, RN; E. Katz, RN; and K.P. Johnson, MD

Micle abstract—To examine the eficacy and toxicity of oral 3,4 diaminopyridine (DAPJ 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 necrologic deficit, which was leg weakness in 34

patients. Secondary ou~ome 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 (QMTJ
measured by isometric dynamometry, neuropsychological testing (NPTJ, ambulation index (AI), and Expanded Disability
Status Scale (EDSS) score, Paresthesia 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 ef%cacy analysis. The prospectively defined necrologic 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 AI) 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&-+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 necrologic symptoms’ that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.2 Although symp-
tomatic treatments are available for some MS syrnp-
toms,3 there are no pharmacologic treatments for leg
weakness, one of the most common and disabling MS
symptoms. The observations that coolin~ and
changes in serum ionized calcium5 could cause im-
provement of necrologic 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 demyelinatione 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 diaminop}ndine (DAP)8 improve nerve im-

pulse propagation in vitro, suggesting that they
might be usefi,d in treating MS patients.

Preliminary studies suggest that AP and DAP im-
prove symptoms in some MS patients. AP improves
necrologic deficitsg-’4 and function]5 in MS patients,
but has significant toxicity.’-]”” A preliminary open-
label study of DAP doses up to 100 mg/day showed
evidence of benefit wit bout significant toxicity, 17but
two subsequent controlled trials using doses up to 80
mglday 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 eff]-
cacy of oral DAP in divided doses up to 100 mg/day.
The primary outcome measure was improvement in
prospectively defined necrologic deficits, which was
leg w’eakness 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 \tideotaped necrologic
examinations, quadriceps and hamstrings strength
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as measured by isometric dynarnometry, 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 capsuIes were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesia 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 m, 11 A.M,2 w, 5 PM, and 8 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 kvels. Semm samples were drawn 30 min-
utes after the 11 M dose twice during each treatment
period (after 1 week on treatment and on the day of the
final evaluation). Coded serum DA.P levels were run using
a previously published method 19and 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 MSm 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
necrologic 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 fwhich was selected because it produces paresthesia
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 earned out in the same facility and at the same
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time of day, and oral temperature was monitored to a

a

that differences were not due to temperature variatio&
Safety evaluatwns. At the end of each treatment

riod, CBC with differential; serum chemistries inclu “
electrolytes, blood urea nitrogen, creatinine, LDH, SGO’I’~
and SGPT; coagulation profile including prothrombin tim&’
and partial thromboplastin time; and urinalysis were car-’
ried out. In addition, ECGS and EEGs were obtained.

Eficac-y evaluations. Prospectively defined necrologic
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 necrologic 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 Iefl iliopsoas, quadriceps, hamstrings, gas-
trocnemius, and anterior tibialis muscles was assessed on
examination and rated using the five-point MRC scale. 2‘ A
strength score at each time point was obtained by sum-
ming the ratings of the individual muscles.

Scored videotaped necrologic examination. The exam-
ining physician’s neurolotic 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 lefl iliopsoas, quadriceps, ham-
strings, gastrocnemius, and anterior tibialis muscles using
the five-point MRC scale.2* A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary O 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-Corn, 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 l-minute rest between replicates t of
maximum isometric contractions of the quadriceps and
hamstrings muscles using a Kin-Corn testing apparatus.
Strength was expressed in dynes/m2.

Neuropsychological evaluation {NPT). Patients were
tested using the Brief Repeatable Battery of Neuropsycho-
Iogical Tests for Multiple Sclerosis,z’-” 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 necrologic evaluations

Number of patients.. .
.-.

Mean scare or power z standard
improved error

tJutcome measure DAP Placebo DAP Placebo p value

Study deficit 22 2

Patient subjective 15 3

Manual motor test score 17 4

Quantitative motor testing

Hamstrings strength * 15 9

Quadriceps strength* 16 8

Video ratings

Leg strength score 17 8

Ambulation score 11 5

Global rating 14 6

Ambulation index 5 0

“ Dynes/m’.
? Exact binomial probability.
~ From Wilcoxon signed rank test.

administered and scored according to published proce-
dures.zs Testa 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.

,-- %nbulation index (AI) and Expanded Disability Status
~e (EDSS), Standard necrologic history and examina-

tion were used ta score the patients on the EDSS.K Timed
ambulation on a 25-foot course was used to rate the pa-
tients on the AI.z7

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, NIW, and AI were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and AI were calculated for descriptive pur-
poses.

RAXWIt.s. Patient ckracteristics and retention. Thirty-
SiX patients ~14men and 22 women) were enrolled in the
study (@b]e 1). The mean age was 44 (range, 21 t,o 65),
mean EDSS score at entry of 6.0 (range, 2,5 to 9.0), and
disease duration was 15.6 years (range, 2 b 29 years).
Twenty-nine patients had chronic progressive and seven
patients had re]apsing-progressi~,e MS. The study deficits
in 34 were leg weakness and in 2 arm ataxia. Eight pa-
tien~ fai]ed ~ Complew the study—one because of the

_#*wmence of a urinary tract inf~tion with confusion and
rologic deterioration (no. 1), one for personal reasons

~tio. 11), one because of paresthesia and anxiety (no. 17),
f~ because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the
~nce of aspiration pneumonia (no. 33). Twenty-eight
~tienta completed the study. T%irteen received DAP dur-

—

—

41.6 = 1.63

130 = 12

231 T 27

58.1 z 2,9

4.94 z 0.50

1.12 t 0.18

5.0 t 0.41

.

—

39.911.7

123: 11

206 z 25

56.833.0

4.4820,49

0.5230.15

5.15 z 0.45

0,0005+

0.008+

0.002$

0.001:

0.04+

0,001;

0.054:

0.084;

0.02$

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 firat 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 Datients 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.
Confiwion occurred in three patients on DAP and no pa-
tient on placebo; however, two of the episodes occurred in
the context of complicatin~ medical illnesses— uroseusis in
patient 1 and aspi~ation p~eumonia 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-
esthesia 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 se=n in the primary outcome
measure, which was improvement in the prospectively de-
fined necrologic deficit. Twenty-four patients im-
proved—22 on DAP and 2 on placebo (p = 0.0005, Fisher’s
exact @st 1.

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), arid one patient
(no. 10) reported improvement during both arms.

Manual motnr 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. Patienta 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 circ!es) 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 earned 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 necrologic examina-
tions. Videotaped necrologic 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

dynesim2 during the DAP-treatment arm compared with
124 dynes/mz during the placebo arm f p = 0.001, Wilcoxon
signed rank test ). Mean quadriceps strength was 233
dynes/m2 during the DAP-treatment arm and 210
d~nes/m2 during-the placebo-treatment arm ( p = 0.041,
Wilcoxon signed rank test).

Ambulation. Mean AI over the course of the tl ial is
I shown in figure 3. Again, mean baseline AIs for the two

treatment &oups (DAP first versus placebo first) were

0 4 8 12 16

Week

Figure 2. Graph of mean quadriceps (circles) and ham-
strings [squares) strength measured by isometric dyna-
mometry ouer the 16-week trial in patients who received
DAP during the tirst (white symbok) and second ~biack
symbols) treatment periods.

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

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

6.8

6.6-

4
6.4-

3.8~
0 4 8 12 16

Week

Figure 3. Graph of mean ambulation index ouer the 16-
week trial in patients who received DAP dzring the first
(white circles) and second (black circles) treatment
periods.
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Ttile 2 Summary of neurops.ychological test results (mean score)

(lqtcome measure DAP Placebo
.-:

ctive reminding 37.51 10.3 36.9 :12.4

10/36 spatial recall 18.8 Y 5.0 17.2 z 5.7
(long-term storage I

Symbol digit modalities 34.2 z 15.5 34.5 = 17.6

Paced auditory serial addition 66.6 z 24.7 65,4 z 24.0

Word list generation 28.6 = 10.2 27.7 z 9.4

(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-
futed necrologic 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 efhcacy. 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 t 7.4 ng/mL. The mean peak level—

,e 10 patients in whom dosage reduction was necessary
aue to adverse events was 69 z 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 t test). The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was

41 z 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 mglday produced improvement
in prospectively defined necrologic 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 AI, improved. These results are consis-
tent with the results of an open label trial.” One
pre~ious placebo-controlled trial of DAP doses up to
80 rng/day showed subjective but not objective im-
provements in MS patients.’6 A second, blinded,
crossover comparison of oral DAP in doses of 40 to 80
mgfday with oral AP showed improvement in neuro-
physiologic tests of visual function comparable with
AP,n but no improvements in ambulation, vision,

~~d spasticity. The only clinically relevant changes
-I improvements in concentration in one patient

.- fatigue in one patient of ten tested. AP produces
similar motor irnprovernenb,g which are related to
total d~g exposure, not peak serum concentration.
&though DAP treatment did not improve EDSS
SCOreSas AP treatment did in one trial,’5 five pa-

tients had improvement of ambulation as reflected in
the AI. The present trial is the first to show signifi-
cant necrologic 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, ‘ax but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment.’5 The most common side effects were
paresthesia 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 AP28 and suggest that DA.P has greater perip-
heral 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. 1315Patient no. 2, who had no
history of syncope or seizures, hat a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. DAP2q and APIG rarely cause seizures and are
dose and serum concentration related.g 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,’ DA.P tmxic-
ity appears to be related to peak serum levels.17 Be-
cause increased tolerability of AP has been achieved
by the use of a controlled-release formulation,30 and
the serum half-life of DAP is shorter than AP, ]y 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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Abstract

3.4-Dlaminopyndine (D.4P) enhances ace[ylchollne release from the nene terminal and improves conduction in demyelinmed axons.

In [his double-blinded placebo commlled cross tmer wd} we e~amined the effects of D.4P combined with inpatien! rehabilitation in nine
patierm with disablin: motor weaknessdue to amyotrophic Ia[eral ~cierosis(ALS ). .4 $in:le dose of DAP or placebo was increaseddail)
to the maximum (ranpe 10-80 mg) Kderdled dose: after patien[s u ere awes~ed on the first treatment. the alternate drug was given in the

same manner. Functional lndqrerrdence Meawremen[ (FfM ). Ashuorth. grip streng~h. limb strength measurements. neme conduction

studies and speech assessments were initiated I /2 h after receiving the maximum tolerated dose of DAP or placebo. DAP was mlerated
~iall patients. but Iimi(ed b} gastrointestinal side effects in four pa[iems. The mean peak serum Ietel was 20.11 (S.D. = 5.} I ) rig/ml,

‘-”wring 1.25 (S. D. = 0.56) h after dose A slatisticall} siynfican! improvementin FIM and speechasessmen[scoresbe[ween admission
J discharge occurred. Howe\er. no siyrifican[ differences in clinical or electrophysiologic measureswere seen between DAP and

placebotreatments.This stud>suggeststha! immr$iveinpatmntrehabilitationhasa role in the managememof patientswith ALS. bu[ DAP
doesnot dimini,h mmor impalrmen[.

Kelword$, ,Amynrroph)c ]meral wlerrms. D] fiminop} ridlne: Rchabilllallon

1, Introduction

Amjo[rophic lateral sclerosis (,4LS) causes insidious}
progressive mo[or weakness due m degeneration of p: ra-

mida] tracts and motor neurons. Con\en[ional managemen[
Curren[l} fwuses on Lrealjng [h? neuro)ogica] and medical

$omp]lcatlons of [he illness. Recentlj we reported the

resuhs of an open label stud> of single dose oral 3.4-di -

amirsop~ridine (D.4P) combined with inpatient rehabilita-
tion in- pa[lents ullh set ere ]alr s[age ALs for s}nlp-

lomatjc [rea:men[ of dis~h]ing motor weakness (,4isen C[

d.. 1994). D.4p i< a ~lou Po[assium channel blocker uhlch
enhance! acetllch~]jne re]ease from the neme terminal and

lmpro\ es conduction in untnvelina[ed and dem! elinatrd
Ileme. me anlin~pt~dlne< hflie show n promise jn ame)m-

RNing motor wea~ness in o[her diseases of cen[ral and

_~~tipheral nervous s)stem (Lundh et al.. 19S4: Be\er e[

‘ C-swn,jing aulhor Tel + 1 914 94 S-0050

al.. 1994 and Bever et al.. 1990: McEvoy et al.. 1989:
\4urray and \ew-som-Davis. 1981).

In addition to causing degeneration on motor neurons.

ALS is associated uith corticospinal tract degeneration
with dem> clinatirrn: significant prolongation of central mo-

tor conduction Iatencies have been reported (Hugon et al..

1987: ln:ram and Swash. 1987). Our rationale for choos-

ing D.%P as a s! mp[omatic treatment for disabling limb

paresis in .ALS was based on its potential for enhancing

central conduction veloci!!, In addition. DAP can improle

peripheral s! nap[ic efficienc}. and pretious studies have
su:ges~ed short-term benefit in sweng~h in ALS patients

gII en guanidine. another drug which enhances acetyl-

choline release from the neme terminal (Norris. 1973).

In the pilot stud:. D.4P was uell tolerated in patients
with adl anced ALS. Doses of 20–80 m: appeared [o

produce a modes[ increase in stren:th and a si.gnifrcant

improi emenl in functional statui. as measured by the

Functional Independence Measure (FIM) (Granger et al..

1986). lmpro~ ements in strength and ftmctional status
v.ere maintained 1–3 weeks after the drug was discontin-

ued,
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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. %laterials and methods

Nine patients (5 male. 4 female: ages -!7-75: 0.25-9.00

years since diagnosis) with disabling motor weakness due

to advanced (ALS) were admitted [o 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 I‘) 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 dischwged.

Dosage started at 10 mg and increased daily to the maxi-

mum tolerated dose. which did not exceed !30 m:. Patients
were assessed half an hour after receiving maximum drug

dosage.

Table I

Side effects

Each patient had clinical and electrophysiologicaf eval

uations at admission, within 1 h after maximum dox o

drug 1. within 1 h after maximum dose of drug 2, and ~

discharge.
Assessments included nerve conduction tests of [W(

motor nemes. usually median and tibial. Nme conductlof

velocities. distal Iatencies, evoked response amplitudes ~n(

F response Iatencies were recorded. Pulmonary functl[)[

measurements ( P, May and P, \!ax) were performed by

respiratory therapist. Functional peri”orrnance was quan[l

tied by FWl scores generated by a certified occupational

therapist. The Fl?vl is an established and \ zlidated func

tional status instrument designed for use in the rehabllltti

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 previou

study (Aisen et al., 1994; Bensimon et al.. 1994: La

comblez et al., 1989). Strength in fourteen individua

muscle groups was scored (O = no contraction – 5 =

normal strength) and summed. The .A$h~otth scale wa.

used to assess muscle tone (Ashworth. 1964).

Serum samples were taken every half hour for up to 2 f

after patients receited maximum levels of drug. and DA}

concentrations were measured on site with high pert-or
mance liquid chromatography. after completion of th~

clinical trial. Statistical analysis of data was performed or
a Macintosh 11 computer using the Statview 11 softwar.

program. One factor analysis of variance (AXOVA) witt
post hoc analysis was performed to compare admissior

and discharge performance and DAP and placebo perfor

mance.

3. Results

The a~erage length of stay for the study population wJ

20,33 days (SD. = 4.30 days). The mean moximum toler

ated dose of DAP was 44.44 m: (S. D. = 24.68 mg: rmg[

10 to 80 mg) and ot’ placebo w~s 46.1 I mg (S D. = 23.6’
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mg: range 10 to 80 mg), Side effects occurred on DAP and

P!acebo as shown in Table 1. and included paresthesia.
‘:iety. 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. I 1, placebo = 102.67, SD. = 19. 16).

However. a statistically significant imprcrvemen[ between

admission and discharge FIM scores was e~iden[ ( p =
0.033). The group mean score increased from 96.5 (S.D. =

[8.2]) on admission to [01.88 (1 7.84) on dischmgt,

Mo[or strength did not significantly change either on

DAP (p = 0.966: mean DAP score = 55.S3, S.D, = 11.05:

placebo = 55.59. S.D. = 4,49) or between admission and

discharge ( p = 0.782: mean D,AP score = 53,61. SD, =

11.0]. placebo = 53,24, S.D, = 13.52). SimilarI). grip
strength recordings and ,4shuorth assessments also showed

no significant changes,

Speech in[elligibilit} scores similar]) showed no differ-
ence he[ueen DAP and p]acebo ( p = 0,480; mean D.%P

wore = 47.50. S.D, = 35.83. placebo = 51.5. SD. = 31.26)
but did improve sjgnifican[[y (WV een admission and dis-

charge ( p = 0.o-$86: mean D,4P admiss)cm score = 34.00.

S.D, = 35.63. discharge = 50.50. S.D. = 33.20),

Nerve conducuon \eloci[ies. e~oked response ampli-
tudes. and F-wa\ e Iatencies showed no significant differ.

ences am~ng admission. D.4F’. and placebo assessments.

NO reversals in c~mduction block occurred There was also

+++ significant change in group P, Max and P, Max perfor-
.nce from admission [o discharge and between D.4P and

placek.

Peak senzm levels of DAP ranged from 13-27 ng\ml.
he mean peak serum Ie\el was 20. I I ngz’mL (S.D =

5.1 I). The average time to peak level was 1.25 h (0.56).

(Fig. 1).

4 Discussion

As in our previous study. subjects [rested ui[h multidis-

ciplin~ rehabilitation and DAP experienced an impro\’e-

ment in functional starus. This study showed impro~ement

occurring independent of DAP or placebo treatment. and
was sustained after all study drug was discontinued. Motor

strength scores increased to a degree ~’hich did nor achiete

significance on both active medication and placebo. and
declined after the drug was discontinued. These findings

are consistent with our prior open label stud}. and suggest

that changes in strength reflect a placebo effect. The) also

suggest that short term intensite multidisciplinary rehabili-

tation improves function in patients with profound impair-

mem and disability from advanced ALS. We conclude that

oral DAP does not have a useful role in the treatment of

adi anced ALS. but that short term inpatien[ rehabilitation

ma}. despite the progressive nature of the disease. Short-

term in[ensile inpatient rehabilitation is not conventional

in this population. perhaps because of a prevailing belief

that i~s cost is not warranted in an incurable disease.

Further study is needed to clarify the degree of benefit in

terms of quality of life. morbidity, mortality and eco-

nomics. It is important to detenrsine

effects are and explore alternatives

tion in controlled pilot programs.

References

how long lasting these

to inpatient rehabilita-

.%isen. M L., Se\ ills. D., Gibson. G.. e! al ( 19W) <.i-dlaminop!nd]ne as

a [reaimen[ for amyowophic Meral sclerosls J .Seurol. Sci.. 129

21-24,

Ashworrh. B ( 1964) Prelimln~ ma! of carrsoprodol m multiple scler,c-

SM Prticii[mner. I 92.540–542

Ben>lmon. G.. Lacomblez. L and Memlnger. j’ ( 1994) ALS,/Riluzoie

S[ud! Group A cornrollea’ mal of riluzole m amyowoph,c la[eral

sckrows N Engl J Med.. 330.585 -?91.

Be\er. C T Leslle. J., Camenga D C.. Piml[ch. H.S and Johnwm. K P

( IWO~ Preilmlna~ ma] of 11-dmmmrpndlne mpa[lent.. u i[h muhi-

ple sclerosis .Knn ?ieuroi.. 27 42 I -42?.
B<\er, C T.. Youn:. D., .Anderwn. P A.. e[ al (1994) The effects of

4-amlnop> ndlne In mult]ple wierow, pauenb resuhs of a randomud.

p!awho con[ro[led crossmer mzl. ?ieurolog!, W 1054-1059

Dodd.. T..4.. Manm. D. P.. SIOIO$. W C and Deyo. R..4 ( 1993} .4

valldallon of [he func[lonal independence measurement and Its perfor-

manx among rehahilmmon mpauen[~ .Arch Ph>~. kled Rehah

:4:31-:36

Granyr. C \’.. Hamilton. B.B and Sherwin. F.S. ( IWb} Gujde for [he

use of the uniform data set for medical rehabilitmion L’nifwrn da~

s! stem for med]cal rehahililallon projec[ office. Buffalo Gener-d

Hosp!~al. X ‘r’

Hugon J.. Lubeau. M,. Tabaraud. F e~ al ( 19S>) Cenwd motor ccmduc-

oon m mow neuron disease .knn Neurol.. 22. 544-546.

Ingram, D..L4 and Swish. .M ( 1987) Cen[ral rmxor conduction IS ahnor-



% ,W.L Aisen rr al. / Joumizl of the .}kurological Sciences 138 ( 1996) 93-%

mal in mor neuron disea.x J. Neurol. Neurosurg. Psychi~t.. 50: McEvoy. K.M., Windebank. .A.J.. Daube. J.R. und Low. P. ( 1989)

159-166. 3,4-Diaminopyridine in the trea[ment of Lambert-Ea[on m~mtinlc
Lmmmblez. L.. Bouche. P. Bmzsimon,G . mi Meimnger, V ( 1989) A syndrome.N. Engl. J. Mtd.. 321: 1567-1571.

double-blind placekon[rolled trial o( high doses of gwglios[des m Murray. N,B. and Newsom-D*vis. J. ( 1981 ) Treatment with ord ~.

amyotrophic Iwerd sclerosis. Neurology. 39. 1635-1637. aminopyridine in disorders of neuromuscular wmsmlsslOn. Neurol-

Lundh. Xikon and Rowr. ( 1984) Trea[mem of L~mtwr E.mxr Syn- ogy. 31:265–2?1

drome. %wrology. 34. I 324-1330.



Joum~l of [he \euroIogic~l Sclence~ 138 ( 19Q6)93-96

JOURNALOFTNE

NEUROLOGICAL
SCIENCES

A double-blind placebo-controlled study of 3,4-diaminopyridine in
amytrophic lateral sclerosis patients on a rehabilitation unit

Reprinted
Mindv L. Aisen “, Daniel Se\illa. Lisa Edelstein. John Blass through

with permission;

the
Clearance

Recelled 3 .Ausu~I 1995. rel !wd 16 <member 1995. wcep[ed -1 December 1995

Abstract

3.4- D]aminc~p!rrdInt (D,4P) enhance, acerylchollne releaw from [hc nene [em~inal and Improses conduction in demyelirmted axcm

In [hi: dottble-bl]nded placebo controlled crow o~er stud) we e~am}ned the effects of D\P comhned with inpatient rehabili[a[ion In nine

pauems u ith disabling mo[or weaknew due 10 amyovophlc laleral ~clerosi~ (.4LS). .4 $Ingle do~e of DAP or placebo was increased dail)

m the ma~tmum (range 10-80 m:} toler~[ed dose: af[er pat}ent~ were a<>eswd on the fir~l trea[mem. the alternate drug was giien in the
same manner. Functional Independence !vfe~wrement ( FIM ). .Ashwrth. gnp strength. Itmh strength measuremems. neme conduction

studies and speech assessments were Inltu(ed I /? h afIer receifrng the ma~lmum tolera[ed dose of DAP or placebo. DAP was tolerated
in aft patients.bu[ lim]{ed b! gastroirr[est}nals]de effects in four pa[lerrts.The mean peak serum Ie\el was 20.11 (S.D = 5.11 ) rig/ml.

“’wring 1.25 (S. D. = 0.56) h after dose A statistical! $!~nlfictml improvement m FIM and speech asessmem scores between admission

.~=a “dischargeoccurred. l-lowe\er. no significant differences in climcal or electroph)siologic measureswere sun between DAP anLI
.ebo treatments.This stud! suggeusthat Intmtvve inpa[lentrehahilltationhasa role in the managementof pa[ientswith ALS. but D.~P

uoes not diminish mmor ]mpalrmtrrt

Ke)wwdf .4m! o[roph)c lateral .cleros[> D1~mjnop> ndlne: Rehahllju[lon

1. [n[rduction

Amyotrophic lateral sclerosts (.ALS) causes insidious!}
progressive mo[or ueaknc~s due [o degeneration of p) ra-

midal [racts and mmor m=umns Cmt\ en[ional managrmen[
cumenl]~ focuses on [resting [he neurological and medlctil

comp]lc~llons of the illness. Recent]) u e reporttd the

resu][s of an open I~&I sIud\ of ~ingle dose oral 3,4-di -

aminopiridlne (D.~p) comhlnrd u i[h inpa[ienl rehabllj[a-

tion in pa[}en[s v I[h ~etere Ia[e s[a~e .ALS for S! mP-

lomalic trea;mcn[ of diiabling m,>[<~ru’eaknes~ (.~i<en N

al.. 1994) D,~p is a slpu po[~~slum chwrrml blocker u hlch

enhances ace[l Ichollne r<l~aw from d?e nene I?rmlna] and

Improlej c~ridu~[l(>n In unm)r]ln~ltd and dem>elinol~d

rtene me anlinop\rld\n?. h~\ e <hou n promlw In amelio-

rating mo[~r ueakness In other dl~ea~e> of centr~l and

Peripheral nemous s>slcm (Lundh e[ al.. 19S4. Be\er e[

_.—.

‘ Cci-rcyxmdjn~ au!hor Tel - I 9!4 94h-()(j5(l

W2SIOX.%, $1502 ~: ‘% Eiw~]er S(lerrcr B 1“ 411 n .h!s resemed
i , P,,so~.. ..-510 x196 ~fiocll:-7

al.. 1994 and Be\er et al.. 1990: McE\oy e[ al., 19S’9:
Nfurra! and \cwsom-Da\is. 1981 ).

In addi[ion 10 causing degeneration on mo(or neurons.

ALS IS associated with corticospinal tract degeneration

w}[h dtm}tlina[icm: significant prolcmgation of central mo-

[or conduction iatencics hate been reported (Hugon et al..

19S7, ln~ram and Suash. 1987). Our rationale for choos-

ing D\P as a SI mpmmatic treatmem for disabllng limb

paresis in .4LS ~as based on it~ pcslential for enhancing

cen[rtil conduc[lon ~elocil}. In addition. D.AP can improie

peripheral s}naptlc efficienc). and pretlous studies hale
su~~ei[rd $hort-{erm benefil in strength in ALS patitn~s

:l\en gu~nldin?. another drug which enhances acet>l -

chollne relttiw from the nene terminal (Norris. 1973).

In the pilot s[ud>. D.4P was well tolerated in pa[ients

u i~h iId\ anceci .ALS Doses of 20–80 m: appeared 10
producr a modes( increase in strength and a s)gn)fican[
irnprol emen[ in functional sratu~. as measured b} the

Functional Inckpendence Measure (Fl!vl) (Granger e[ al..

19W). impro~tmert[s In strength and ftinctional s[atus
were rnaln[ainecf 1–3 weeks after the drug Was disconun-

ued
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To ascertain whether D,4P 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 mo[or strength.

functional stfitus and neme conduction (N’CV).

2. !tlaterials and methods

Nine patients (5 male. 4 female: Jges 47-75:0,25-9.00

years since diagnosis) with disabling mo[or weakness due

to ad%anced (.ALS) were itdmitted to the Burke Rehabilita-

tion Hospiml. The diagnosis was based on a history of

progressive weakness. clinical e>tdence of upper and lower

motor neuron dysfunction. elec[romyographic evidence of

denemation in a minimum of three limbs ind the exclusion

of other conditions. Before entering the study all p~tients

had an <Iecmcudiogram. an electroencephalogram. a

complete blood count. and renal and li~er function [ests:

any significant abnormality precluded study participation.

T%e protocol was approved by the [ns(i[utional Review

Board of the Burke Rehabilitation Hospital. Writ[en in-

formed consent was obtained.

Each patient received daily individualized physical ond

occupational therapy. Speech therapy was prescribed to

4/9 patients on [he basis of clinical need.

Patien[s received a daily oral dose of the drug srudied

with either breakfast or lunch. The Burke Rehabilit~tion

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 I‘) during the first evaluation period. and the aher-

native (‘drug 2’) during the second. DAP or placebo was

~dministered by the pharmacy to patients in code format.

In\estiga[ors. ther~pists, ~nd study subjects rem~ined

blinded to do$~ge con[ents. The code Was not broken until

all subjects completed [he study and v.ere discharged.

Do\age started tit 10 m: md increased ciaily to the maxi-

mum tolerated dose. which did not exceed 80 mg. Patients

were assessed half an hour after recei~ing maximum drug

dosage,

Each patient had clinical and electrophysiologic~ eva

uations at admission. within I h after ma~imum do~ ~

drug 1. within I h after maximum dose of drug 2, and ,

discharge.

Assessments included nerve conduction tests of tu
motor ne~es. usually median and tibia]. Neme conductlo

velocities, distal Iatencies, evoked response amplitudes an

F response Iatencies were recorded. Pulmonary functl(,

memurements ( P, Mdx md f< Jlax) were performed by

respiratory therapist. Functlomd performance w~s quant
fied by FIM scores generated by a certified occupation,

therapist. The Fl%l is an established and Lalidated fun~

[ional status instrument designed for use in the rehabll;l.
[ion population (Dodds et d.. 1993). TIw FIM require

rating the performance of 18 [asks of daily living from

(dependent) to 7 (indepdcnt). and calculating the \ur

(maximum score 126). Motor function wus quantified by
neurologist, using the scale developed in the previou

study (Aisen et al.. 1994: Bensimon et al.. 1994: LJ

comblez et al.. 1989). Strength in fourteen individu.

muscle groups was scored (O = no contraction - 5 =

normal strength) and summed. The Ash~o~h scale WJ

used to assess muscle tone (.+jhworth. 1964).

Serum samples were taken every hdf hour for up 102

after patients received maximum le~els of drug. and DA;

concentrations were measured on site with high pert”or

mance liquid chromatography. after completion of th

clinical trial. Statistical analysis of data Was performed o
a Macintosh H computer using the Statview 11 softwar

program. One factor anal ysis of vatimce (.WOVA) wi [.

post hm analysis was performed to compare admissio

and discharge performance and DAP and placebo perfor

mance,

.3. Results

The avtrage length of st~y for the s[ud~ population A J

20.33 days (SD. = 4.30 days). The mcm maximum told:

ated dose of DAP was 44. -U m: (SD. = 24.68 mg: r~ng

10 to 80 m:) and OF placebo wa$ -!6.1 I mg (S D. = l.; h
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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.
malysis of FWl scores on DAP and placebo showed no

significant difference ( p = 0,902: mean DAP score =

102.44. S.D, = 19.11, placebo = 102,67, SD, = 19,16).

However. a statistically significant improvement between

admission and discharge FI.M scores was e\iden[ ( p =

().033). The group mean score increased from 96.5 (SD. =

18.21) on admission to 101.88 (17.84) on discharge,

Mo~or strength did not significantly change either on
DAP (p = 0.966: mean D.AP score = 55.53, S.D. = 11.0S:

placebo = 55.59. SD, = 4.-$9) or between admission and

discharge ( p = 0.782: mean D.4P score = 53.61, S.D =

I 1.01. placebo = 53,24. S.D = 13.52). .slmil~rl:. gnp
skength recordings and .Ashuorth assessments also showd

no significwt[ changes.

- Speech in[elligibillt) scores similarl~ showed no diffm-
ence hetu een DAP and placebo ( p = O 480: mean D,<P

score = 47,50. S.D = 35.83. placebo = 51.5. SD = 31 26)

bu! did improje s]gnifjcanl]> between admls~ion and dis-

charge ( p = ().04S6. mean D.AP ximissmn score = 34.00.

S.D, = 35,63, cilsctlarge = 50.50. S.D = 3.7.20).

Nerve conduction wloci[ies. e~eked response ampli-
tudes. and F.ua\e lalencie~ ~howed no slgnifican~ differ-

ences among admission. D.AP. and placebo assessments

!No reverjals in cc,.; duc[ion block occurred There was also

.--: significant change in group P, Mak and PCMiix pcrfor-
lce from admission [o discharge and be[ween D.4P and

~lacebo

Peak serum Ie\els of DAP ranged from 13-27 ng,’ml.
_I’%emean peak serum le~el was 20,11 ng,’mL (SD =

5.1 I). The aterage time to peak Ie\rel ~as 1.25 h (0.56).

(Fig. 1).

4. Discussion

AS in our preiious study. subjecfs treamd u ith multidis-

ciplinan rehabilitation and DAP experienced an impro\e-

mem in functional status. This stud} showed impro~ement

occurring independent of DAP or placebo trea[ment. and

was sus[ained afrer all stud) drug was discontinued. .Motor

s:rength scores increased to a degree which did not achiete
si~nificance on bo[h active medication and placebo. and

declined after the drug was discontinued. These findings

are consis[en[ with our prior open Iobel stud!. and su~gest

that changes in strength reflec[ a placebo effect. The)’ also
sugges[ [hat sho~ te~ in[ensi\e rnultidisciplina~ rehabili.

tation improves function in pa[ien[s u“ith profound irnpair-

mem and disability from ad~anced ALS. We conclude [hat

oral DAP does no[ have a useful role in the treatmen[ of
adianced ALS. but that short term inpatienl rehabilitation

ma). despite the progressive nature of the disease. Short-

[errn intensive inpatient rehabilitation is not conventional

in this population. perhaps because of a prevailing belief

that its cost is not warranted in an incurable disease.

Further study is needed to cltif} the degree of benefit in

terms of qualit} of life. morbidity, mortality and eco-

nomics. It is important to de[ermine 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. Mile, MD; J.R. Hebel, PhD; K.L. Conway, RN; E. Katz, RN; and K.P. Johnson, MD

Article abstract—To examine the etlicacy and toxicity of oral 3,4 diaminop~ridine (DAPJ 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 necrologic 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 (VMTL quadriceps and hamstrings strength (QMT ~
measured by isometric dynamometry, neuropsychological testing (NPT), ambulation index (AI), and Expanded Disability
Status Scale (EDSS) score. Paresthesia 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 etlicacy analysis. The prospectively defined necrologic 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 AI) 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

_~~,ting in many patients.

tOLOGY 1996; 47: 1457-1462

Multiple sclerosis (MS) is a primary inflammatory
demyelinating disease of the CNS that frequently
causes chronic necrologic symptoms] that vary
widely from patient to patient depending on the loca-
tion and extent of demyelination.z Although symp-
tomatic treatments are available for some MS symp-
toms,3 there are no pharmacologic treatments for leg
weakness, one cf the most common and disabling MS
symptoms. The observations that coolin~ and
changes in serum ionized calciums could cause im-
provement of necrologic symptoms in MS patients
suggested that the dysfunction was, in part, physio-
lo@c rather than being due to axonal or neuronal
loss. Pathologic studies showing relative presema-
tion of axons in areas of demyelinationc supported
this conclusion, Electrophysiologic studies of demy -
elinated neme 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 (API

and 3,4 diaminop~-ridine [DAP)F improve nerve im -

pulse propagation in vitro, suggesting that they
might be useful in treating MS patients.

Preliminary studies suggest that A.P and DA.P im-
prove symptoms in some MS patients. AP improves
necrologic de ficitsg-’4 and function’5 in MS patients,
but has significant tmxicity.g ‘0” 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
mglday in di~~ded dosage showed little or no bene-
fit.]’ 1’ We have now carried out a randomized,
double-blind, placebo-controlled trial in 36 MS pa-
tients to detxmnine the safety, tolerability, and efll-
cacy of oral DAP in divided doses up to 100 mglday.
The primary outcome measure was improvement in
prospectively defined necrologic deficits, which was
leg weakness in 34 patients and arm ataxia in two.
The seconda~ outcome measures were the patient’s
subjective response, results of manual motor testing
of lower extremity, ratings of \tideotaped necrologic
examinations. quadriceps and hamstrings strength
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as measured by isometric dynamometry, neuropsy -
chobgical 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 .Magdand. An
active placebo was used; identical capsules were prepared
containing 10 mg of nicotinic acid (a dose found in prelim-
inary studies to produce paresthesia 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 &u, 11 A.U,2 PM, 5 PM, and 8 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 afbx the 11 A.U 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’g 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 patienta with clinical or laboratory-
supported definite MSzO 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
necrologic 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 fwhich was selected because it produces paresthesia
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-

_-T tions were carried out at baseline and at the end of each
30-day period by a blinded examining neurologist. Evalua-
tions were earned out in the same facility and at the same
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that differences were not due to temperature variatiom
Safety evaluations At the end of each treatment ~

riod, CBC with differential; serum chemistries inclucl@j
electrolytes, blood urea nitrogen, creatinine, LDH, Sw,
and SGP’T; coagulation profile including prothrombin time
and partial thrornboplastin time; and urinalysis were car.
ried out. In addition, ECGS and EEGs were obtained.

Eficacy evaluations. Prospectively defined neurologk
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 necrologic 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.z] A
strength score at each time point was obtained by sum-
ming the ratin~s of the individual muscles.

~ored vide&ped necrologic examination. The exam-
ining physician’s necrologic 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.2] A score for each time point was
obtained by summing the ratings of the individual mus-
cles. Ambulation was rated using an arbitrary O to 5 scal~
and for the dobal assessment based on the evaluator’:
assessment as to the treatment period during which th~
patient appeared better neurologically.

Quadriceps and hamstrings strength ( QMT) measurer
by isometric dynamometry. Maximum force output of th{

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-Corn, Med~Ex Diagnos
tics, Inc., Canada). Testing was carried out at the saml
time of day for each patient at the same ambient temperfi
ture by the same examiner ~P.A.A. ~. Patients were testef
seated on the apparatus with 110” of hip flexion and 45’ 0
knee extension. Strength was measured in triplicate deter
minations ~with a l-minute rest between replicates t c
maximum isometric contractions of the quadriceps an~
hamstrings muscles using a Kin-Corn testing apparatu:
Strength was expressed in dynes/mz.

Neuropsychological evaluation (NPT). Patients wer
tes~d using th~-Brief Repeatable Battery of Neuropsychc
logical Tests for %lultiple 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. It wa



Tabk 1 Summary of necrologic evaluations

Number of patients Mean score or power z standard

A, improved error

. .,.come measure DAP Placebo DAP Placebo p value
-- .—.

Study deficit 22 2 — — 0.0005*

Patient subjective 15 3 — — 0.008f

Manual motor test score 17 4 41.6 n 1.63 39.9 t 1.7 0.002:

Quantitative motor testing

Hamstrings strength * 15 9 130: 12 123~11 0.001+

Quadriceps strength” 16 8 231 z 27 206 z 25 0.04$

Video ratings

Leg strength score 17 8 581 z 2.9 56,8 t 3.0 0.001:

Ambulation scare 11 5 4.94 T 0.’50 4.48 z 0.49 0.054;

Global rating 14 6 1.12 t 0,18 0.5230.15 0.084~

Ambulation index 5 0 5.0 z 0.41 5.1530.45 0.02$

* Dynes/m’.
t Exact binomial probability.
$ From Wilcoxon signed rank test

administered and scored according tQ published proce-
dures.w 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.

z-” tabulation index (AI) and Expanded Disability Status
e (EDSS). Standard necrologic history and examina-

Liun were used to score the patients on the EDSS.’= Timed
ambulation on a 25-foot course was used ta rate the pa-
tients on the AI.Z7

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,
Vhf’T, NPT, and Al were compared using the Wilcoxon
signed rank test. Means and standard errors for MMT,
QMT, NPT, and AI were calculated for descriptive pur-
poses.

Results. Patient chtzracteristics and retention. Thirty-
SiX pt+t,knts(14menand22women) were enrolled in the
study (hb]e 1). The mean age was 44 (range, 21 tQ 651,

mean EDSS score at ent~ of 6.0 (range, 2.5 to 9.0), and

disease duration was 15.6 years (range, 2 to 29 years).

Nenty-nine patients had chronic progressive and seven
patients had re]apsing-progressi~,e ,MS. The study deficits
in 34 were ]egwe&neSSandin2armataxia, Eight pa-
tients fti]ed t,o Comp]ew the study—one because of the

.~wence of a urinary tract infection with confision and
‘ologic deterioration (no. 1), one for personal reasons

. . 11), one because of paresthesia and anxiety (no. 17),

f~ because of disease progression requiring steroid treat-
ment (nos. 25, 27, 30, and 32), and one because of the
~ence of aspiration pneumonia (no. 33). Twenty-eight
,~tienta 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-relatA adverse eventa. The most common adverse
events were paresthesia, 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 occumed 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-
esthesia 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.

Efficac-y. Primary outcome measure. A significant
treatment-related effect was seen in the primary outcome
measure, which w-as improvement in the prospectively de-
fined necrologic deficit. Twenty-four patients im -
proved-22 on DAP and 2 on placebo ( p = 0.0005, Fisher’s
exact Wstl.

Subjective res~nse, 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 tist), 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 s-cores 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
mart ual motor testing ouer the 16-week trial in patients
who received DAP during the /irst (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 at-m. Although the
mean examination score of 41.6 during the DA.P 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 necrologic examina-
tions. Videotaped necrologic examinations were available
from both treatment periods on 25 patients ~see table I).

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 show-n

separately from those who received DAP second, and the
baseline means are different for the two ~voups. 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 d-yneslm~ during the placebo arm ( p = 0.001, Wilcoxon

signed rank test). \fean quadriceps strength was 233
dynes/m2 during the D.AP-treatment arm and 210

dynes/m2 during the placebo-treatment arm ( p = 0.041,
Wilcoxon signed rank test).

Ambulation. ?,fean AI over the course of the trial is

sho;n in tigu;e 3. Again, mean baseline .Ms for the two
treatment groups ~DAP tirst versus placebo first) were

1460 NELTIOLOGY 47 December 1996
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Figure 2. Graph of mean quadriceps (circles) and ham-
strings (squares) strength measured by isometric dyna -
mometry ocer the 16-week trial in patients who received
LMP during the /irst (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 AI were seen during DAP treat-
ment ( p = 0.022, Wilcoxon sigrted 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

6.6-

(
6.4-

4.2-

(
4-

3.8~
0 4 8 12 1(

Week

Figure 3. Graph of mean ambulation index over the 16-
uvek trtal in patients uho ;~ceiced DAP during the first
(white circles] and second fblack circles) treatment
periods.

I



T&L’F 2 Summaq of neurops.vchological test results (mean score)

Outcome measure DAP Placebo

.&=’+
.

ctlve reminding 37.5 z 10.3 36.9 n 12.4

. ti,36 spatial recall 18.8 :5.0 17.2 z 5.7
~long-term storage I

Symbol digit modalities 34.2 t 15.5 34.5 = 17.6

Paced audito~ serial addition 66.6 z 24.7 65.4 z 24.0

Word list generation 28.6 = 10.2 277 z 9.4

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

Other eflicacy evaluations. None of the outcome mea-
sures showed evidence of ~ 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-
fied necrologic 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
e 10 patients in whom dosage reduction was necessary

u~e to adverse events was 69 z 19 ng/mL whereas the
mean peak level in 18 patients who did not require a
dosage reduction was 37.2 z 7.3 nglmL (p < 0.05, Stu-
dent’s t test), The mean peak level in patients who had
improvement in study deficit, MMT, VMT, and QMT was
41 z 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 necrologic 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 AI, improved, These results are consis-
tent with the results of an open label trial.’: One
pre~ious 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-
physio]ogic tests of \-isual fi.mction comparable with
~,% 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 improvemenk,g which are related to
total d~g exposure, not peak serum concentration.
Although DAP treatment did not improve EDSS
SCOreS as AP treatment did in one trial, *5 five pa-

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

DAP doses up to 100 mglday 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,lS2g but
comparable with a trial of AP in which 70% of pa-
tients reported side effects during the period of ac-
tive treatment.’5 The most common side effects were
paresthesia 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 AP2P and suggest that DAP has greater perip-
heral 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. ‘3]5 Patient no. 2, who had no
history of syncope or seizures, ha~ a generalized
tonic-clonic seizure, which appeared to be DAP re-
lated. D@ and AP’G rarely cause seizures and are
dose and serum concentration related.g 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,g DAP toxic-
ity appears to be related to peak serum levels.ly Be-
cause increased tolerability of AP has been achieved
by the use of a controlled-release forrnulation,30 and
the serum half-life of DAP is shorter than AP,’; a
similar approach might be useful with DAP. M-
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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A. INGREDIENT NAME:

DILOXANIDE FUROATE

B. Chemical Name:

Entamide 2-Furoate, Furamide, Furamide (Amebicide), 2-Furancarboxylic Acid, 4-
((Dichloroacetyl) Methylamino) Phenyl Ester, 4-(N-Methyl-2,2-Dichloroacetarnido)phenyl
2-firoate

C. Common Name:

Dichlofirazol, Diclofirazol, Histornibal, Miforoq FurentomiL Furaxnide, Furs.mid,
Entamizole

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

-.
Assay 99.96%

E. Information about how the ingredient is supplied:

White Crystalline Powder, Odorless, Tasteless

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

BP 1993

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

Botero, D. Amoebiasis. Trans. R. Sk Trop. A4ed H’yg., 1967; 61: 769.

Shapiro, M. M. The recurrence-rate of Giardia intestinalis. Am. J trop. Mea! Hyg.,
1967; 16: 704.

Nnochiri, E. J trop. Mea! Hyg., 1967; 70:224.



— K Stability data:

Melting point 114C to 116C
Stable (Hazardous Polymerization will not occur)

L. Formulations:

M. Miscellaneous Information:

Page -3-
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CERTIFICATE OF ANALYSIS

DILOXANIDE FUROATE B.P.

BATCH # E-186/95
.

NIFG.DATE: 08/12/1995

Description:

Solubility

Identification

_— Melting Range

Free Acidity

Related Substances

Loss on drying

Sulphated Ash

Assay

EXPO. DATE:07/12/2000 QUANTITY: 5 KG

White Crystalline Powder, Odorlessp Tasteless.E_ —-

Passed

A) Positive
B) Positive
C) Positive

114° to 116°

Passed

Complies

0.34 %

0.038 Yo

/
—-— ___

.

n II; ABOVE mzsr IUZXLTS HAVE BEES OBTmED BY OC-RMANVFAcmWshTpLIEwOR m’ om QuAr_mYCONTROL

1.A130RATORY. TIIL DATA IS PROVIDED AT THE REQUEST OF AND FOR THE CONVENIENCE OF THE CUSTOiMERfLYDDOES NOT
.’ IUZI.ITNE ‘HIE Cl XT03JER OF ITS RESPONSIBILITY TO VERIFY IT. THIS ANALYSIS 1SNOT TO BE CONSTRUED AS A WARRAYTY.

EXI’IU.SSED OR IYIPI.lED



QUALITY CONTROL REPORT

CHEMICAL NAME. :DILOXANIDE FUROATE b

MANUFACTURE LOT No. :E-186/95

PHYSICAL TEST

SPECIFICATION TBST ST_m.:UsP_/BP_/~~_/NF_/~T”_/cO. ‘pEcs-—-

l)DESCRIPTION .:
WHITE POWDER,

2)SOLUBILITY .:
VERY SLIGHTLY

3)14ELTING POINT

ODORLESS.

SOLUBLE IN WATER AND ETHANOL; SOLUBLE IN CHLOROFORM.

,/
114 C TO 116 C.

n ~ K

4)SPECIFIC G~VITY. :

5)IDENTIFICATION .:

FAILS. :PASSES. :

COMMENTS.:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE .: INITIAL. :

RETEST .: DATE. : INITIAL. :
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------------------ 1DENT1F1CATION -------------------
PRODUCT #: D6413 NAME: DILOXANIDE FUROATE
CAS #: 3736-81-0
MF: C14HI 1CL2N04

SYNONYMS

L

c-
AMEBL4.ZOL * 8073 CB * DICHLOFURAZOL * DICLOFURAZOL * DILOXANIDE

>
FUROATE * DILOXANID FUROATE * ENTAMIDE FUROATE ENT

‘DE 6

FURAMIDE * FURAMIDE (AMEBICIDE) * 2-FURANCARBOXYLIC ACID, 4-
~DICHLOROACETYLMETHYLAMINO]PHENYL ESTER * FURENTOMIN * 6

HISTOMIBAL l.-

MIFORON *
------------------ TOXICITY HAZARDS -------------------

RTECS NO: LV1 821800
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 -----------------

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



.n.

THE EYELIDS WITH FINGERS, CALL A PHYSICIAN.
-------------------- PHYSICAL DATA --------------------

APPEARANCE AND ODOR
SOLID.

------------ FIRE AND EXPLOSION HAZARD DATA -----------
EXTINGUISHING MEDIA

WATER SPRAY,
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM,

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTMNED BREATHING APPARATUS AND PROTECTIVE CLOTHING

TO
PREVENT CONTACT WITH SKIN AND EYES.

------------------- REACTIVITY DATA -------------------

L

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
INA

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

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

WEAR APPROPRIATE MOSHM4SHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
MECHANICAL EXHAUST REQUTRED
HARMFUL IF SWALLOWED
WEAR SUITABLE PROTECTIVE CLOTHING
TARGET ORGAN(S)
G I SYSTEM

THE ABOVE INFORMATION IS BELIEVED TO BE CORRECT BUT DOES NOT
--. PURPORT TO BE

ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE SIGMA ALDRICH SHALL



.-% NOT BE
HELD LIABLE FOR ANY DAMAGE RESULTING FROM HANDLING OR FROM
CONTACT WITH THE
ABOVE PRODUCT SEE REVERSE SIDE OF INVOICE OR PACKING SLIP FOR
ADDITIONAL
TERMS AND CONDITIONS OF SALE



~, .

L.. Diloxanide Ft.troate 227

I&ydroergozamine tarrrate EFCRS in place of the substance
being examined.

[
Storage Dihydroergotamine Tartrate should be kept in a

=-?ll-closed container and protected from light,

~. ction and use Used in treatment of migraine.

/ Dihydrotachysterol

tile

H

HO’”

C28H460 398.7 67-96-9

Definition Dihydrotachysterol is (5 Z,7~-(3S, 10S)-9, 10-
‘.- secoergosta-5,7 ,22-rrien-3-ol.

Characteristics Colorless crystals or a white, crystalline
powdeq odourless or almost odourless.

Practically insoluble in waw, very soluble in chlorojomz;
ffeely soluble in edse~ soluble in ethanol (96%); sparingly
soluble in araclsis oil.

Identication A. The light absorprwn, Appendix 11 B, in
the range 230 to 350 nm of a 0.001”A w/v solution in
methanol exhibits three maxima, at 242, 251 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 arzcimony trichloride solu[ion and

,warm inawaterbath.A red colour is produced.

Melting point126°to 129°, Appendix V A, It may also
occur in a form melting at about 113°.

Specific optical rotation In a freshly prepared 20/. w/v
solution ~ abso[ure ethanol, + 100° to + 103°, calculated
with reference to tie dried substance, .Appendix V F.

Ta&YSterol Absorbance Ofa (1.()1“/. w/v solution in
~ethano/ at 2~0 ~, not more than 0.08, calculated wi~
reference to fie dried substance, Appendix ~ B.

LOSS OtI -g men dried over phosphow pentoxide at
a pressure not exceeding().7kpafor 24 hours, loses not
more fian ().~Oi’Oof its weight. Use 1 g.

stdph~ted ash Not more ~an 0. 10/., Appendix IX A.

storageDihvdrOIa&yS[erO]should be kept in an
a~osphere ~f nitrogen,protectedfromlight and stored

at a temperamre not exceeding 15°.

Action and use Used in trea~ent of hypocalcaemia.

Dill Oil

Definition Dill Oil is obtained by distillation from the
dried ripe fi-uim of Anethum graveolens L.

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

Optical rotation +70° to +80°, Appendix V F.

Refractive index 1.481 to 1.492, Appendix V E.

Solubilky 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°A w/w, Appendix X L.

Storage Dill Oil should be kept in a well-filled, well-
closed container, prorected from light and stored at a
temperature not exceeding 25°. It darkens in CO1OUIon

storage.

Action and use Carrninative.

/

Diloxanide Furoate W/

Me

c~4H*]c12N04 328.2 3736-81-0

Definition Diloxanide Furoate is 4-(N-methyl-2,2-
dichloroacetamido) phenyl 2-furoate. It contains not less
than 98.00/. and not more than 102.0°\0 of
C~4Hl ~Cl#04, calculated Wifi reference m *C dried
substance.

Characteristics A white or almost white, crystalline
powdeq odouriess or almost odourless.

Very slightly soluble in roatefi freeiy soluble in chloro-
form; slightly soluble in ethanol (’96%) and in ether.

Identification A. The infrared absorption spectrum,
Appendix II A, is concordant with the referencespecrrum of
diloxanide firoate.
B. The light absoqtwn, Appendix II B, in the range 240 to
350 nm of a 0.00140/. WIVsolurion in ethanol (96%)
exhibits a maximum only at 258 nm. The absorbance at
the maximum is about 0,98.
C. Bum 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 rticrk acid and add silver nitraze
solurion. A white precipitate is produced.

Melting point 114° to 116°, Appendm 17 A.

Free acidity Shake 3 g with 50 ml of water, filter and
wash the residue with three 20-ml quantities of water.
Titrate the combined filtrate and washings with 0.1 M
sodium hydroxide ~7Susing phenolphrhalein solution R 1 as
indicator, Not more than 1.3 ml is required.

Related substances Carry out the method for thin-layer
chromatography, Appendix HI A, using silica gel HF254 as



.
the coating substance and a mixture of 96 volumes of
a’ichloronretlsaneand 4 volumes of methanol as the mobile
phase. Apply separately to the plate 5 VI of each of two
solutions of the substance being examined in chloroforms
containing (1) 10.OO/Ow/v and (2) ().()25°/0 w/v. After
removal of the plate, allow it to dry in air and examine
under ultraviolet light (254 nm). Any secorushy spot in the

chromatogram obtained wish solution (I) is nor more
intense than the spot in the chromatogram obtained with
solution (2).

Loss on drying When dried to constant weight at 105°,
loses not more than 0.5V0 of its weight. Use 1 g.

%.dplsated ash Not more than O.IYo, Appendix IX A.

Assay Dissolve 0.3 gin 50 MI of anhydvus pyrsdirzeand
carry out Method II for non-aqueous risration, Appendix
VIII A, using O.lM tzwabu~lammonium hydroxide VS as
tirrant and determining the end point potentiomerncally.
Each ml of O.lM @wabutylammonium hydroxide VS is
equivalent to 32.82 mg ofC14H11C12N04.

Storage Diloxanide Furoate should be protected horn
light.

Preparation
Diloxanide Tablets

Action and use Antiprotozoal.

Dimenhydrinate M

H OCH2CH#JMe2

m
1’ ‘1/ \

..-.

Me

C~7Hz~N0,C7H7ClN40z 470.0 523-87-5

Definition Dirnenhydrinate contains not less than sq.o~.

and not more than 55. 50/o of diphenhydramine
(2-benzhydtyloxyerhyldirnethylamine, C17H21NO; 255.4)
and not less than 44.00/0 and nor more than 46.50/0 of
8-chlorotheophylline (8-chloro- l,3-dimetiylpurine-
2,6(3H, lfl)-dione, C7H7C1N402; 214.6), both calculated
with reference to the dried substance.

Characteristics Colorless crystals or a white, crystalline
powder.

Slightly soluble in waw, &eely soluble in chskrofomnand
in ethanol (96%); sparingly soluble in ether.

Identification Test C may be omitted fcesr-s A, B and D
are tamed out. Tests A, B and D may be omitted # ~es~C k
camid out.
A. Melting poinr, 102” to 106°, Appendix V A, Method I.
B. Dissolve 0.1 gin a mixture of 3 ml of water and 3 ml of
ethanol (96Yo), add 6 ml of water and 1 ml of 2.Mhydro-
chkwic acid and cool in ice for 30 minutes, scratching rhe
side of the tube with a glass rod, if necessary, ~o initiate
crystallisation. Dissoive about 10 mg of the precipitate in
I ml of hydrochlonk ad, add 0.1 g of Pozaniuns chlorare
and evaporate to dxyness in a porcelain dish. A reddish
residue remains, which becomes violet-red when exposed
to ammonia vapour.
C. The infrared abso~tzon spectrum, Appendix II A, is
concordant with the spectrum of dimenhydn”naceEPCRS.

D. Dissolve 0.2 g in 10 ml oferhand (’96%J, add 10 ml of
pimic acd solution and initiate crystallisation by scratching
the side of the tube with a glass rod. The melting point of
the precipitate, aher washing with water and drying at
100° to 105°, is 130° to 134°, Appendix V A, Method I.

Alkalinity To 0.4 g add 20 ml of carbon dioxs&+ee 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% WIVsolution in
ethanol {96 %) is ckxzr, Appendix IV A, and colorless,
Appendix IV B, Method IL

Heavy metals A 10% w/v solution in a mixture of 85
volumes of acesorse and 15 volumes of wazr complies with
limit test Bfor heavy merak, Appendix VII. Prepare the
standard using a lead standard solution (2 ppm Pb)
obtained by diluting lead standard solution (100 ppm Pb,)
with the acetone-water mixture (20 ppm).

Theophylline and substances related to diphen-
hydramine Carry out the method for thin-layer c/zsvmaro-
graphy, Appendix III A, using silica gel GFZ54 as the
coating substance and a mixture of 90 volumes of dichloro-
merhane, 9 volumes of methanol and 1 volume of 13.5M
ammonia as the mobile phase. Apply separately to the
plate 5 j.tl of each of three solutions in didsknvmerhane
con~aining (1) 4.00/o w/v of the substance being examined,
(2) 0.0200/0 w/v of the substance being examined and (3)
0.020”A w/v of theophylZine.After removal of the plate, dry
it in a current of cold air and examine under sslsravsblet
ligh~ <254 rim>.Any spot corresponding to theophylline in
the chromatogram obtained with solution (l) is not more
intense than the spot in the chromatogram obtained with
solution (3). Spray the plate with porasn”umiodobzimuthare
solun”on,allow it to dry in air and spray with hydrogen
pewxide solurwn (1 OV@. Any secxmaisfyspw 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 pasroM”&at a pressure of 1.5 to 2.5 I&a, loses
not more than ().5°\o of its weight. Use 1 g.

Sulphated ash Not more than 0.20/., Appendix IX A,
Method II. Use 1 g.

Assay For Ciiph.enlsysfransine Dissolve 0.2 g in 60 ml of
anhydnuu aceti acid and carry out Method I for non-
aqueous ts”wation,Appendix VIIl A, determining the end
point potentiometricaily. Each ml of O.IM perchksti aczd
VS is equivalent to 25.54 mg of C17H21N0.
For 8-chlorotheo@syUine To 0.8 g add 50 nd of water,
3 ml of 6M ammonia and 0.6 g of ammonium nitrate and
heat on a water bath for 5 minutes. Add 25 ml of O. lM

silver niwa~ VS and continue heating on a water bath for
15 minutes with fkequent swirling. Cool, add 25 ml of 2.M
nitric acid, dilute to 250 ml with water, filter and discard
the first 25 ml of the filtrate. Titrate 100 ml of the filtrate
with 0.1 M ammonium thwcyanate VS using 5 MI of
ammonium iron~m) sulphare sohabn R2 as indicator until
the colour changes to yellowish brown. Each ml of 0.1 ~
silver nitrate J’S is equivalent to 21.46 mg of
c7H7clN40~.

Preparations
Dimenhydnnar-e Injection
Dimenhydnnate Tablets

Action and use Antiemetic.



Cloquinate/Diloxanide Furoate 977

4777-m

Dhiodoh droxyquinoline(B.P. 1973L lob
1 ‘quinol W. .P.J; Dmxiohydroxyquim Diiodohyd-

roxyquinolinum; Diodoxyquinoleine. 5,7-Di-iod&
quinolin-8-ol.
C9H512NO=397.0.

CAS — 83-73-8.

Phomsacopceias. In Chin., Fr,, Irrd., Irst., I(.. and US.

A light yellowish to tan-eoloured, tasteless,
microerystallitre powder, not readily wetted in
water, odourlcaa or with a slight odour.
Practically iasoittble in water sparingly soluble in
alcohol, acetone, and ether. Proteet from light.
Adverse Effects. As for Clioquinol, p.975.
Effeetaoccasionally occurring include abdominal
dkcttmfort, diarrhoea, skin rash, acne, headache,
pruritus ani, and furunculosis. Slight enlargement
of the thyroid gland often ormrs during treat-
ment.
Newdogicd disordms Reporta of visual disturbay,cca$
children given di-iaioh ydroxyquinolirte.—
Etheridge snd G. T. Stewart (k!ter), L@xcef, 1966, 1:
261; F. E. Pittman and M. Wcstphal (letter), .brce[,
1973,2. M M. M. Behrerrs (letter), J. Am. med. Ass.,
19?4, 228.693.

Precasrtiosss.As for Clioquinol, p.975.
Control O( aerodemratitis enteropathica by di-iodohyd-
mx)’quinoll~ wu bat in a patient when she s@fi~
taking an orat eontraceptwe.— M. J. Jackson, J. cli~.
Perth., 1977, 30, 284.

Absorption and Fate. Di-iodohydroxyquinolinc is
partly and irregularly absorbed from the small
intestine.
Following a 300-mg dme of di-iodohydroxyquinotine, 6
healthy men excreted a mean of 4.6% of the dose in the
urine as ghmuronide.during tbc following 10 hours.— L.
Berggren and O. Hanasmr, Clin. Pharmac. Ther., t968,
9.67.

Uses. Dkiodohydroxyquinoline acts principally in
the bowel lumen and is used alone or with met-
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
been used in balantidiasis and giardiasis and has
been used locally against Trichomorrasvaginalis.
Di-iodohydroxyquinoline has been used in the
treatment of acroderrnatitis enteropathica; it is
reported to act by altering zinc absorption.
The usual 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. lt east be employed in ambulatory
patients and asymptomatic earriera.
Most of 55 patients with oerciform atrophy and super-
imposed dermatitis of the anterior surface of the lower
leg responded well to sn ointment eorrtsining di-iodohyd-
roxyquinoline 3% and srdicylic acid 2% in Emulsifying
Ohstment.— A. R. H. B. Vcrhagen and 1. W. Koten,
Br. 1, Da-m., !968, 80, 682.
DLiodohydroxyquinolinc should not be used for the
treatment of non-specific diarrhecs or other self-limiting
conditions.— Med. &II., 1974, 16, 71.

Acmdermatitis. A 5-month-old girl with acrcdersnatitis
cntcropathka obtained remission from diarrhocs and
dermatitis when treated with di-iodohydroxyquinolinc
200 m thrirx daily. Shc relapsed and was then given a

fdiet o fresh whok human milk: treatment with di-iod~
hydroxyquinoline was continued in the same dosage. On
thk regimen a complete remission was obtsincd enabling
the child to be weaned to a normal diet and treatment
with di-iodohydroxyquinolinc to be dtamn[inucd.— R.
R. Schulzc and R. K. Winkclmann, Mayo Clin. Proc.,
1966, 41, 334.
In acrodcrmatitis enteropathica di-iodohydroxyquinolinc
acted by increasing the .gastro-intestinal absorption as
well as tbc retention of zinc.— M. J. Jackson, J. clirt.
Path., 1977, 30, 284. See also P. J. Aggctt et al., Archs
Dis, Childh., 1978, 53.691.

Aspcrgillosis. Or 13 psticnrs with clinical pulmonary
aspcrgillmsis all had specific prceipitins in their scra and
most had Aspcrgi//us ~umigarus in their sputum. After
treatment for 20 dsys with di-iodohydroxyquinolinc 1.5
to 1.8 g dsily prccipitin tears became negative in 12 and

the sputum was cleared in all those prcvioualy affected.
Some patients cxpcrkneut clinical benefit.— K. Hora-
ficld cf al., Thorax. 1977, 32, 250, per Abstr. Hyg.,
1977, 52.1131.

Preparations
Di-ioatobydmxyqainotkneP@samics (i3.P,C. 1973). Uch
PV contains di-i~ohydroxyquinolinc 100 mg, boric
amd 65 mg. phosphoric acid 17 mg, laetoac 180 mg,ad
anhydrous dextrose 300 mg prepared by moist granula-
tion and compression. They shoutd be moistened with
water before insertion into the vagina. Protect from
light. A.P.F. has a similar formula.
Di40dobydmxyqsdndksa Tabkta (B.P. 1973). Di-iodo-
hydroxyqum. Tab. Tablets containing di-iodohydroxyqui-
notine. Proteet from light.
[odoquinol Txtrteta (U.S.PJ. Tablets containing di-iorb
hydroxyquinolirxc.

ProprietaryPreparatiorrs
-* (Seork,W. Di-iodohydroxyquinolinc, avai-
labk as tablets of 650 mg. (Ako available as Diodoquin
in many other eountrka).
~uia (Ma)’ & Baker, UK). (Available only in
certain eountrka.) DLindohydroxyquinolinc. available as
tablets of 300 mg.

Other ProprietaryNames
Dloxiquin (Spain); Direxiodc (Ausrmzl., Bclg., Fr.,
Swilz.k Drioquilcn (Arg.~ Ftoraquin (Arg., AustraL
fkzzi)~, Moebiquin (USAJ Scarkquin (Arg.~ Yodoxin

A preparation containing di-iodohydroxyquinolinc was
formerly marketed in Great Britain under the proprie-
tary name Ftoraqum (.Sear/c Pkrrmaceuficafs).

4778-b

Diloxanide (B.P.C. 1963). Diloxan; RD 3803. 2,2-Dich-
loro-4’-hydroxy-N-methylaeetanilide.
~H9Cl,N02-234.1.

CAS — S79-384.

A iwhite or almost white, odourkaa, tasteless, eryatallinc

& 1 in 35 of chloroform, and 1 in 66 of ether. Protect
waler. Slightly asxtmtrkin watcn soluble 1 in 8 of alcc-

from tight.

The actions and uses of diloxanidc arc described under
Dlloxanidc Furoatc (below). It has been given in doses
of 1.5 g daOy in divided dosca.

Diloxsmidc was formerly marketed in ecrtain countries
under the proprietary name Erxtamidc (Boors).

4779-v

DlloxanideFuroate (B.P.). 4-(I?-Methyl-
2,2-dichloroacetamido) phenyl 2-furoate.
C14H1,CIZN04= 328.2.
CAS — 3736-81-0.
Pharmacopoeias. In Br.

A white or almost white, odourless, tasteless,
crystalline powder. M.p. 114° to 116“.
Very slightly soluble in wate~ soluble 1 in 100 of
alcohol, 1 in 2.5 of chloroform, and 1 in 130 of
ether. Protect from light.

Adverse Effects. Flatulence, vomiting, pruritus,
and urticaria may occasionally occur. Transient
albuminuria has been reported.
Absorption and Fate. Diloxanide is readily [/
absorbed from the gastro-intestinal tract and ~ ‘z—.

r
excreted m the tacces and urine. Ddoxanide furo- , )

ate is hydrolyses before absorption.
Uses. Diloxanide acts principally in the bowel
lumen and is used in the treatment of intestinal
amoeblasis. 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
chloroquine and tetracycline in amoebic dysen-

!

tery and is used in the treatment of hepatic
amoeblasis in conjunction with chloroquine and

.,
,j
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978 Metronidazole and some other Antiprotozoal Agents

deltydroemetine or emetine.
Diloxanide furoate is administered in a dosaze of

mem may k repeated if necessary.
Diloxanide fttroate is also used concomitantly
with metronidazole.
Amocbiasis. Diloxanisk furoate 375 mg, tetracycline
hydrochloride 250 mg, and chloroquine phosphate
100 mg, 4 times daily for 5 days, were given in ca-
to 50 of 100 patients with dysentery due to Emamoe6u
his[dy!ictr and sometimes other parasites also. The
other 50 received the same regimen without chloroquine.
Children younger than 10 years meived half this adult
dine. The overall mre.tate for E. hisrolyrica was 83%,
and the efficacy of the preparations was not signifi-
cantly different. Other protozoa and helmimba were
apparent)’ not affected.— -, Trans. R. sm.
mop, Med. Hyg., 1967, 61, 769, pzr Abstr. WId Med.,
1968, 42, 497.
Diloxanidc furoate 375 mg, tetracycline hydrochloride
250 mg, and chloroquine phosphate 100 mg, given 4
times daily for 5 days to SO Coata Rican schoolboys,
eliminated multiple intestinal fxotozoal infections within
2 days of completing the course. The remrrenee-rate of
Gissrdia Mestinalit was 2S% within 30 daya, but
Emamoeba histolytica did not recur for 90 daya.—

#--.kLSchapiro, Am. J. mop. Med. Hyg., 1967, 16. 04,
per Trop. Dis. Bull., 1968, 6S, 766. A similar report.—
E. Nnochiri, J. trop. Med. Hyg.. 1967, 70, 224, per

~. Bull.. 1968.63.129.
Diloxanide furoate administered in a dose of 5013mg
thrice daily for 10 daya was effective in the treatment of
12 patients who were aaymptornatic cyst earners and 52
of 65 pmiertts with norrdyaenteric symptomatic inteati-
msl amoebiasis. Flatulence was the only significant
side-effeet.— M. S. Wolfg, J. Am. med Ass.. 1973, 224,
1601.
Diloxanidefuroatc was consideredto be more effective
than memxridazolein the treatment of nondyserrtcric
intestinal amoeb!asis, and to be the drug of choico for
this form of the disease.— R. Knight ●f al., Gut, 1973,
14, 145.
Diloxanide furoate 500 mg given with metronidazole
400 m thriu daily for 5 days cleared amoebic cysts

1from t e intestine m 59 of 60 patients treated and was
considered to have cured liver abaceaes in 58 of them.
No relapses were noted during 3 months following trmt-
mmt.-~ll et al.. Arm. trop. Med. Ptm.rit.,
197’3,6 , 367, per Trap. Dis. Bull., 1974, 71, 44.
The standard regimen for the treatment of amoebiasis in
American Indians in Saskatchewan was metronidazole
500 mg and diloxanide foroate 500 mg twice daiIy for 5
days.— R. D. P. Eaton et al., Can. J. pub[. Hhh, 1973,
64, Suppl.. 47, per Trop. Dis. Bull.. 1974, 71, 360.
Of 38 Peace Corps workers with amoebiasis in Ethiopia
36 were considered free of infection 1 to 2 months after
treatment with metronidazole 750 mg thriec daily for 10
days followed b diioxanide furoate 500 mg thrice daily
for 10 days.- ~ 1-. Ey, Efhiop. med. J., !977, ,5,101,
per Trop. Dis. Bull., 1979, 76, 80.
A report of the suecesaful treatment of a patient with
Errtamoe6a polecki infection using metronidazole and
diloxanide furoate.— J. S. &la ~ et al., Am. J. trop.
Med. Hyg.. 1979, 28; 190, per Trop. Dis. Bull., 1980,
77.51.

Preparations
Ditoxmride Frrrtite Tabfeta (B.f.). Tablets wrrtaining
diloxanide furnate. Pro~om light.
Frsrsmide (Boats, UK). Diloxanide furoate, availabIe as
tablets of X30mg. (Also available as Furamidc in
AusrraI).

4780-r

Diminazene Acetrrrate (R Ver. C, /965). 1,3-Bis(4-
amidinophetryl)triazene bis(N-acetylglycinate) tetra-
hydrate.
C,, HI,N90,,4H,0- 587.6.

CAS — 536-714 (dimimazerre); 908-54-3 (aceturate,
anhydrorss).

A yellow odourless powder. soluble I in 14 of waten
slightly soluble in alcohof; very slightly soluble in chloro-
form and ether.
Uast& Diminazene acemra!e has b-yp-arroeidal, babesici-

dal. and bactericidal properties and is used in veterinary

medicine in the treatment of tryparrmomiasis and babe-
siasis. It has also been tried in human infections.

B&siusis. The routine, clinical use of pentamidine or
dlMinaZCnC aCeturate m infections due to Babesja
mlcrott was not rt=mmended exeept in patienta withoul
spleens, since normally the infection was aelf-limiting.—
L. H. Miller et al.. Ann. inrern. Med., 1978, 88, 200.
A patient infected with Bobesia microri who had failed
to respond to chloroquine had a rapid clinical and
parasitologic rsaponse after administration of dimi-
nazerre. However the patient developed Guillain-Barr6
syndrome after treatment and it was suggested that perr-
tamidine might be preferable to diminazene in severe
cases of human babesiasis.— T. K. Ruebush and A.
Spieiman, Anrr. intern. Med.. 1978, 88, 263.

Trypano#omiasis. Referen= to use in human trypanoso-
miasis.— M. P. Hutchinaon and H. J. C. Watson,
Trans. R. Sot. trop. Med. Hyg.. 1962, S6, 227; S. E.
Term, Trans. R. Sot. trap. Med. Hyg., 1975.69. 277;
East Afrhrr Tryparmaomiasia Research Organisation.
Trans. R. Ser. trop. Med. Hyg., 1975, 69, 278.

Proprietary Nmtea
Bercrril (veterinary) (Hoechsr,UK); Ganaseg.

4781-f

Emetioe and Bismuth Wide (B.P. 1973). Eme:.
Bism. krd.; EBL

CAS — 8001 -15~.

A complex io6ide of emetinc and bismuth containing 25
tn 30% of emetine and 18 to 22.5% of fki. It ia a rdd-
iab-orange060urleaa powder with a bitter acrid taatc.
Practically imolakk in water and alcohol; soluble in
aeetonc and, with dacomp,ition, in conemtrated acids
and in alkaline wlutions practically insoluble in but
slightly decomposed by dilute acids. Store in airtight
eontainem. Protect from light.

Adrerse Effseta asreiPrscsutkosas.w for Emetinc Hydrw
chloride (below).
When given by mouth emetine and bismuth iodide may
cause nausea, vomiting, and dhrrhcca.

Abao@oa ad Fate. Whmr given by mouth, emetine
and bismuth iodide undergoes little deeompmition until
it reaches the small intestine, where emetine is liberated
and exerts a local and sywemic effect.

Uaea.Emetineand bismuth iodide has actions similar to
those of emetine hydrochloride and has been used in the
treatment of asymptomatic intestinal amosbiasis. When
given by mouth it is only sii8htly deeompoaed before
reaching the smalI intestine where the bulk of the eme.
tine is then released to give a high eotreentrstion in the
intestine. It has been used with tetracycline and a lumi-
nal amoebicidc such as diloxanidc furoate in the trcat-
mmt of severe amoebic dysentery with much tissue
invaainn,

The frqumcy with which it gives rise to unpleasant
side-efkrs makes it unsuitable for routine therapy;

~~~&s~~’!&~~?~~~&ul,y administered in
mrteric-coated tablets or capsules but such preparations
must dwintcgrate very r~dily in the intestine or they
are valuelea~ when in capsules, the drug should not be
suspended in an oily basis. The usual dose was 200 mg
daily for 12 consecutive days if tolerated by the patient.

Prapustiosss
Ematisae and Bismuth Iadkie Tablets (B.P. 1973). Emet.
Bism. 106. Tab. Tablets containing emetine and bismuth
icdde. They are cnteric-and sugar-mated. Store at a
temperature not exceeding 25a in airtight cmrtainera.

47824

Emetine Hydrochloride (L?.P,, U.S.P.). Emet.
Hydroehlor.; Emctini Hydroehloridum; Emetini
Chloridum; Emetine Dihydroehloridq Ipecine
Hydrochloride; MethylccphaHine Hydrochloride;
Cloridrato de Emetina. 6’,7’,10,11 -Tetra-
methoxyemetan dihydroehloride lreptahydrat~
(2S,3R,11 bS)-3-Ethyl-l ,3,4,6,7,11 b-hexahydro-
9,10-dimethoxy-2 -[( lR)-I ,2,3,4-tetrahydro-6,7-
dimethoxy- 1-isoquinol ylmethyi]-2H-benzo [a]-
quinolizine dihydroehloride heptahydrate.
C29H@N20,,21-ICl,7 H20=679.7.

CAS — 483-18-1 (emetinej; 316-42-7 (hydro-



Decoquinate/Eflomithine Hydrochloride 617

---

!
idroxyquinolinehas also been given in tie

~~of balantidiasis as an alternative to terra.
y(&ep.610)

~hroxyquinoline wzs forfnerly used in the
;+~of acrodemratitis etrteropathica: if is re-
m act by enhancingzincabsorptionandhas
~~usupersededby oral zinc tfrerapy(see

*.

~,l}droxyquinolinehasamibacterialandanti-
~tiviry and has been used ~opicallyin vari-
~n.,bonditions, usually together with a
~.teroid (but see under Adverse Effects
# ~sohassomeantitrichomonalacdvity.

fii Infections. As discussed on p.609 dj-iodohy-
-dtmtine is one of he dmg$ US~ M the trearmenl of

J Snsoebiasis caused by filamoeba hiSIOfYfWCZand
&zfiagilk. References to this use am given Mow,

%(s ZJIUeSfor oarasilic infccuons. Mrd MI Drugs

.htions
‘&pcpsrdtions are fisted below; derails are gwcn in pan 3.,,
J“yrepaptions
. IO@Unol Tablets.

+!’7 P=wtfons
Diodnquim Y~xm+; Fr: Direxdet, S.AJ%: FJocaquitv
mqain~ Yodoxm

~--%fient p~=tiOn$. AUSWJJ.. ~O~quin: c~~:
P,S@: VagwsoI: Viocom Vvxlor. SPOMX:Ftoraqttin:

P’””’

p......

KanideFuroate vw
,hoate (MNM, dNNM).

,=- ~~79-38-4 (diloxanide}; 3 736-B I-O (diioxanide
a$j.

frpxopeios.In Br.andInt

& abnost white, ndoudess, cpstalline POWder. Very
fly,soluble in wawc dighrfy soluble in atcohol and in
Ef@y salubleincfttoroformProlectfmmlight.
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A
rse Effects
riceis the most common adverse effect dur-

““&eatment with diloxanide furoate. lomiting.
~@d{;,arrd urticaria may occasionally occur.

W$&acokinetics

~ohde furoate k hydrolyses before absorption
&rm the gasrro-intestinal tract. The resultin~ diloxa-
&“&h readi]y absorbed and excreted mainly in the
“=; less than 10% of a dose appears in the faeces.
~.). .,

k and Administration
~Oxruaide tioate, a dicfr]oroace[arnide derivative,

k’a Iuminal amoebicide ac[ing principally in the
b&eI lumen and is used in the treatment of intesti-

.m Sttkoebiasis,It is given alone in the treatment of
;~ptomatic cy~t.passers and in conjunction with

m boebicide that acts in the tissues. such as mel-
rortidazole, in patients with ini,asive amoebiasis.
~xatride furoate ftas also been used tvilh metron-
&Zole in the ~eatment of EnMMoebfIfsokcki infec-
dent.~ti

er discussion of the management of amoe-
‘fi~tions, seep.609.

W?xmide furoate is administered by mouth in a
he Of500 mg three times daily for 10days; chil-
W maybe given 20 mg per kg body-weight daily,
m-divideddoses,for 10 davs. The course of trea~-
*t mayb-erepeated if ne~ess~.

+pikrations
~ Ofprcpm[ions uc I,,,cd MOW. demil, are gi~en m PWI3.

q ‘reparations
~w3 Dihxmide TabIC(,,

Dimetridazole (12&2-z)

Dlmecndszole (PAN, plNN).

1,2-D!methyl-5-nmwtmtdszofe.

c5H7N30~ = 141.1.

CAs— 551-92-8.

Phormacopoem. In BP(Ve~.

G. includes Dmetridazole for veterinary use only. Fr. includes
D!meoidarole and D!meendazoie Mesylate for veterinary use
only.

An atmos[ white to brownisb-yellow, odourless or almost
odourless powder which darkens on exposure to light. Slight-
ly soluble in watec sparingly soluble in alcohol; freely sohr-
bie in chlorofomr: slightly soluble in ether. Protect from
iighL

Dimetridazole is a 5-nitroimidazole derivative sirrri-
iar to metronidazole. It is usedin 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 trichomoniasisin game birds.

Diminazene Aceturate (47W-r)

D!mmazene Aceturate (&tNM, rlNNM).

1,3-Ba(4-amldmophenyi)uiszene b(s(N-acetylglycmate).

C21HZ9N906 = S 15.5.

CAS — 536-71-0 (dtminozene): 908-54-3 (diminozene

oceturote).

NOTE. Diminazeneaceturate is often referred to by its ve[eri-
rraty pmpriecwy name Bercnil.

Dlminazene aceturate, an aromatic diarrtidlne deri-
vativerelated to pentamidine, is an antiprotozoal
agent which has been used in veterinary medicine in
the treatment of trypanosomiasis and babesiosis. It
ha.. alsobeen tried in human infections.

References.
I RuctmchTK. Spielman A Human babtsios!s in the United

Slates. Ann hwm Mcd 1978:88:263.
2. Abaru DE. rr al. Rctrospectwc long-term study of effects of

Bcrenil b: follow-up of patients treated since 1965. Trop Mcd
Parosiro/ I 984; 35: 14,9-S0.

Residues in the diet An expert committee of the FAO/
WHO! se[ a masimum acceptable daily intake of diminazene
a[ 100 IIS per kg body-weight. Recommended maximum res-
idue limiL<in fmd resutung from vererinafy use were esrab
Iished forcarde at S00 Ugperkg for muscle, 12 OfXlPg per kg
for liver. 6tKJ0pg per kg for kdrey. and 150 Kg per lime for
milk.
I FAO~’HO Evakrmon of ccna!n vc[crinacydrug res#duesm

(ood. fen! -second repon of the Joint FAOJWHOexpert tom.
mttlee on kwd addwvt$ WHO Trch Rrp .% 851 1995.

Dinkolmide (1266S-.)

Dmitoim!de &tAN,rlNN).

Dmmotoluamide: Methyldmicrobenzamide. 3.S-Dlnicmo-tol-
uamlde.

c~H7N,05 = 2.25.2.

CAS — 148-0/-6.

Pharmocopoelos. In BP(Vet).

A cream-colourcd to Ilght ran-coloured odourless powder.
Pmcucallj insoluble m waler, soluhie in acetone; slightly
soluble in alcohol, in chloroform, and in ether.

Dinitoimide is an antiprotozoal agent used in veter-
inary practice for the prevention of coccidiosis in
poult~.

‘“(f++%jG-r- —ent preparations. UK. Emarnizok

ores a preparation no longer acliwly marketed

Eflornithine Hydrochloride (Iba-i)

Eflormth,ne Hydrochloride (fJANM,USAN,rfNNM).

DFMO, a-D(fluoromethylornithlne f-lydrochlonde: MDL-
717fJ2, MEJL-71782A, RMI-71782. 2-(Dlfluommethyl)-Dk-or-
rmhme monohydrochlonde monohydrate.

C6H2F>N>02.HCI,H10 = 236.6.

CAS — 67037 -37-0 (e flornlth!ne); 96020.9 I -6 (eflorni-
thme hydrochloride).

Adverse Effects ancf Precautions
Reported adverse effects with eflomithine include
myelosuppression producing anaemia, leucopenia,
and thmmbocytopcnia. 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 eflomithine but they may
have been related to the disease rather than treat-
ment.

Effeetson hearkng. A study in 58 patientsi receiving eflor-
nithine afone or in combination with interferon alfa for the
trtatment of merastatic melanoma demonswated that hearing
loss at multiple frequencies was related to the cumulative
dose of eflomithim and was worse in patients with pre-exist-
uag heasing deficiL
1. Croghan MK. cl al. Dose-related a-difluoromethy lornithlnc

otomxIcIlj. Am J C[in Oncol 1991; 14:331-5.

Effects on the h- Faraf cardiacsrrestoccurredin an
AfDSpafkrr withPneumocysris carinii pneumonia during
the inuavenous infasion of eflomithine 100 mg per kg body-
weigbt over 1 boar. ! Sudden death after infasion of eflomi -
thine had occurred in several other criricrdly ill patients with
AIDS.
1. Barbarash RA, cl al. Alpbadifluoromethy lomithine mfuwon

and cardiac arrest. Ann /nlem Mcd 1986.105: 141-2.

Pharmacokhetics
Eflomithine hydrochloride is absorbedfrom the gas-
rro-intestinal tract. Following intravenous adminis-
tration approximately 80% is excreted unchangedin
the urine in 24 hours. The terminal elimination half-
Iife is approximately 3 hours. It is distributed to the
CSF,

Refewnces.
1. Hacgek KD, tt al. K#netics cd a-d) fluoromcthylornltbine an

irreversible inhib)tor of omithme decarbox!dase C/in Pha~U-
CO[rhCr1981;3& 210-17.

2. Milord F, CIal. Eftonttthine concentrations m serum and cere-
brospmal fhmd of 63 patients [reared for Trypanosoma bmcei
.mmbiettac sleeping sickness Tram R SOCTrOp Med H.vg 1993:
87:473-7.

Uses and Administration
Eflomithinehydrochlorideis an antiprotozoalagent
which acts as an irreversibleinhibitor of omithine
decarboxylase, the rate-) imiting enzyme in
polyamine biosynthesis; trypanosomes are more
susceptible to the effects of eflomithine than humans
probably because of their slower turnover of this en-
zyme.

Eflomithine is used in African trypanosomiasis
(p.613) mainly due to Trypanosomo brucei garrtbi-
errseand is effective in the early and more impor-
tantly in the late stage of the disease when there is
central involvement. Effomithine also has activity
against pneum~,stis 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 to standard treatment such as co-tnmoxazole
or pentamidine.

It is administered intravenously or by mouth, though
diarrhoea can be troublesome with the latter route.
The usual dose k 1(KImg 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.
Eflomithine has antineoplastic activity, and prelimi-
nary human studies have shown some encouraging
responses.

Cryptosporidiosis. Eflomithine has been rried in the treat-

ment of cryptospmid]osis in AIDS patients.i Other agents
used in the treatment of crypmsporidiosis are discussed on
p.610
1 Rols!on KV[, cl al Jntestmal crypmspondlosrs treated wi?h ef-

kmuthmc: x prospccuve study among patients wnb AIDS. J
Acqutr Invmmt Dejc ,Swdr 1989, 1:426-30

Pneumocystis carinii pneumonia. The treatment of
Pnwmorysris cczrinfi pnetrmormr is described on p.396 where
reference is made m eflomithine being studied aS One Of the
alternative agents to cwrimoxazole and pentami dine.

References.
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Unique Identifier
97321428

Authors
Qureshi H. Ali A. Baqai R. Ahmed W.

Title
Efficacy of a combined diloxanide furoate-metroni,dazole
preparation in the treatment of amoebiasis and giardiasi.s.

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

~-#%~E%!!&~O mg metronidazole) , th;ee
atient took one tablet (containing

~times daily for 5 -s ~ and the response to _15herapYViY7W---
checked by cllnlcal examination and by examination of fresh
stools on-days 3, 5 and 10. Abdominal-pain was co
relieved in 91% and 84% of Pa<lents ~?l-’”8ii~-~.— ——..—..__ ———.. ——..-..—
9=i&-..KesPeCt+veQYr w$j~>arasiti~=~=r~qa~
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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.
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Abstract
Tinidazole (40 mg/kg body-weight in one daily dose for five
days) and tinidazole (same dose) plus diloxanide furoate
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Abstract
The second symptomatic case of Entamoeba polecki infection,
the first to respond to therapy, is reported. The patient
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experienced intermittent episodes of abdominal cramps,
diarrhea, nausea, and malaise associated with large numbers
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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
mefloquine 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 histol.ytica
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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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 donjt
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 DIL,OXANIDE
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. ~subsequ~nt cycle with diloxanide furoate is
~lso indi&.ated.(ABSTRACT TRUNCATED~”--2”5%-W~RDS)‘“”””—--
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Nondysenteric Intestinal Amebiasis-.
-– Treatment With Diloxanide Furoate...—-

NOTICE
=IT+qIMAWRML hAY w PROTECTEDBY
CXWYRIGHT LAW (TITLE 17, U.S. C09E)

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 hLsto/ytica
infections while abroad, Criteria for cure were the absence of E Msto/ytica
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 (83Y0 cure rate), relative
ease of administration, and minimal toxicity of diloxanide furoate
indicates that this drug has numerous advantages over other primarily
Iuminal-acting amebicides presently available in this country for the
treatment of chronic amebiasis,

M
ore than 90% of the individ-

uals seen in our Tropical
Medicine Unit, who have

contracted amebiasis while traveling
or living abroad, had an asymptomatic

F— % nondysenteric chronic or suba-
~ form of infection. Similar find-

ings are also reported in returnees to
England and France.’ 2 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. .4
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

l%m the Tropical Medicine Unit, Office of
MedicaI .Swviees, Department of State, Wssh-
ingt.oq DC.

.-”d in part before the 20th annual meeting
e AmericnnSociety of Tropical Medicine

Hygiene, Soston, D& 3, 1971_.
Renrint reaueata tn OtTmeof Medical %vice~

Depakment ‘of State, Wxhington, DC X15~
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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 10p, or trophozoites
fitting the definition for E histdytica.
These people were treated with di-
loxanide furoate (Furamide).

A number of anilides looked prom-
ising aa amebicides and one of them,
dichloroacet -4- hydroxy - A’- 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 aaymptomatic condition as
well; it also was less toxic than diloxa-
nide itself. This compound was given
the name diloxanide furoate. It is less

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 ccmcen-
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.1-3 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, i”

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
Diarrhea] 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 $0%
Neither of these in’;estigators 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

Diloxanide Furoate in Amabiasis-Wolfe 1601



Table l.-f?esufta*

Cured?

FoIIow.UP
~

TmNa&l
Complete

Asymptomatic cases 12 12 100
Symptomatic cases 65 52 so

Totel 77 64 03
Incomplete (eliminated)

Asymptomatic cases 6 . . . . . .
Symptomatic cas4s 17 . . . . . .

Total 23
Grend total 100

●One hundred cases treated with diloxanide furoste.
tBased on three ne ative results from complete stcol examinations at one and three months

Lafter treatment (a to I of six negative stools) and a complete or marked symptomatic im-
provement.

Table 2.—Pretreatment and Postreatment Symptoms ● I

Pretreatment Posttreatment I

Symptom Cured (52) Failurest (13) Cured (52) Failurast (13)
Anorexia 7 2 0 0
Nausea 6 2 0 0
Weight loss 10 1 0 0

Mushy stools 40 8 11 4

Watery stools 1 1 0 0
MUCUS 4 1 0 0 I------
Intermittent

constipation 11 2 0 2 I
Abdominal cramps 12 3 3 0
Distention 16 5 1 2

Flatulence 31 8

Fatigue

5 4

17 5 3 1

At least one
posttreetment
symptom 17 8

I

%istv-five symptomatic cases with complete follow-up. Twelve asymptomatic cases not
included.

tS.ssed on tha persistence of E Mstoiytica parasites in posttreatment stool spe.cimens.

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 L’S 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

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 hi.stolytica 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-

included the finding of E histdytica sisted of direct smears in saline and
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iodine, zinc sulfate, ”ind forma ‘,
hyde-ether concentration, and am’
bic culture utilizing liver-cholestefi-~
broth. Dobell’s hematoxylin-stained~;
slides were made from any spdmem
containing suspicious parasites. 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 mn-
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 diloxan ide fu-
roate three times daily for ten days
and children were given 20 mgfkg 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 parasitm
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-

~-@-endemic areas between the one-
.d three-month follow-up examina-

~ions. 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 w-as 83% (Table 1).

In the successfully treated sympt~
matic group, all those with symptoms
of anorexia, nausea, constipation, and
weight loss, were free from these
symptoms following treatment. Elev-
en indi~iduals 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

s-~ ree of 17 people who had had this
mplaint (Table 2).
Twenty-six patients who had com-

plete follow-up had coincidental En-
tamoebo hartmunni 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

_+ymptomatic patients, and an over-
..- ‘“cure rate of 83% in the 77 diloxa-

.de furoate-treated patients with
Mequati foIlow-up, are similar to

those of the two previous studies of
.>:;;.?%....

‘:‘~ihA, June 18, 1973 c Vol 224, No 12
~-~.$

‘<..+?...
-’ *“.*.%”‘
:~.~.,

I Table 3.—Side Effects* I

1 (mild) 2 2.2 I

●One hundred patients treated with diloxa-
nide furoate. Nine~ 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 studv the mean number of fol-
low-up s&ol 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 LTnited
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

drug is not available in the United
States and frequent troublesome side
effects can occur with its use. Tet-
racycline, particular] y 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 6.50 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 dl-
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 i~
dine-sensitive individuals cannot use
it.Also, this drug, though to a far
lesser degree than the related com-
pound iodochlorhydroxy quin (Enter@
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
feet.” Carbarsone, an arsenical, when
employed alone is curative in only
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“about 50% of @sea.c Although it is
normally well tolerated, fatalities as
a result of exfoliative dermatitis,
liver necmais, 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.’S In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenical
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-
aais,” 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’n and India.” But
studies in Bangkok~O and Lcmdon2L
showed metronidazde by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of ame
biasia in the lumen of the bowel. Inj
the London study, carried out at the>
Hospital for Tropical Diseases, it was
concluded that the cure rate in these
forma of amebiasis was no higher
with metronidzzole 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
Iuminal amebicide because it is al-
most completely absorbed from the
small bowel and may thus only tiect
intraluminal amebae if they are in
very close proximity to the colonic
mucosa.z’

A two- to four-week course of
cttloroquine phosphate, concomitant
with or following the use of some of
the drugs discussed, is often em-
ployed a9 a precautionary measure
against the possible subsequent oc-
currence of amebic liver akcess.’z
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

and may be additive to those caused
by primary bowel-active drugs, such
as diloxanide furoate (or tetracy-
cline, 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 metronidazde in cases
of acute amebiasis, particularly if di-
loxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this wuntry. 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 wuld 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-
Ioxanide 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

...

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 Trademarkof Drug

Metronidazole-F’logyL
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.4b~tract, The second symptomatic case of Entamoebu 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 rnetronidazole, all symptoms
cleared and the parasite was no longer present in the stool.

Human infection with .Ertfamoeba polecki is
rare and the parasite has been coniused micro-

scopically with Ent~rnoebu histo~ytica.l 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 tbe 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 z~-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 dysente~ diagnosed as both amebic and bacil-
lary. \Vith each episode he was treated with
appropriate therapy and obtained temporary

symptomatic improvement.

}Vhen discharged from the Peace CoqJs in June

1976 he again experienced abdominal pain and
diarrhea and was successfully treated for hook-

.iccepted 18 September 1978.

* The opinions or assertions contained herein are
the pri~ate ones of the authors and not to be con-
strued as oificial or reelecting the views of the Xa\-y
Department or the naval service at large.

.Address reprint requests to: C.\ PT. G. T. Strick-
land. MC, ~SX, Department of Medicine, Cniformed
Services Uni\-ersity oi the Health Sciences, 4301 Jones
Bridge Road, Bethesda, Maryland ?C014.

worm infection. Nevertheless, he continued to

have mucoid stools, diarrhea, nausea, headache,
weakness, malaise, and abdominal cramps, His
weight,which had been 155 Ibs in June 1974, was

134 lbs 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. .+ stool specimen obsemed for para-

sites showed a heavy infection with ~~tamoeba

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 sust~ined
resolution of either symptoms or presence oi
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. .Mi routine laboratory tests were normal.
.l total of 3 I stool specimens were examined with

no other intestinal parasites obsened, .Schisfo-

somu haermrtobiwn were not present in the urine.

Repeated thick blood films did not show fil~rize.

However, eosinophilia was always present and.

although it diminished after successful therapy

for the E. polecki, it persisted i Figs. 1 and 2 t.

In July 1977, the Iuminal agent, diloxanide
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FIGURE1. 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 cysts. Lawless and trichrome stain, x 960.

furoate (Furamide@), was used for the first time,
Following a 10-day course of metronidazole 75o

mg three times per day, diloxanide furoate was
.+=--q for 10 days, sw mg three times daily. L;Pon

~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-
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.

DISCVSSIOK

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.z The life cycle includes both tropho-
zoite and cyst stages, although trophozoites are

infrequently seen in the stool. .Umost exclusively

described as a parasite of pigs and monkeys. it has

been found in human stools on rare occasions.’ 3-8

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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GUXE2. Course of illness showing symptoms, E. pokcki cysts in stools, eosinophil count, and trea~ment
~ patient remains asymptomatic and parasite free through June 1978.



.-=

_.-=

192 S.ALAKI, SHIREY,

TABLE1
Laboratory ~tudics perjorrned to cfetcct a @WctiaJ

cause O! diorrhca and eosinophilia other than Ent-
amcwba polecki, .4U had normal results

Serology;

.\mebic lH.\ f X 4)
Schistosomal CFT and IF.\
Trichindla L.+ slide test
Fikcrid BFT and IH.\

Procedures
Sigmoidoscopy (X 2)
Rectal biopsy [histological and press exams)
Barium enema
Gall bladder series
Duodenoscopy and small intestinal biopsy
Duodenal aspirate examination
~pper gastrointestinal series with small

bowel follow through

● IH\, indirect hema~lutin ation test; CFT, complement-
fixation test. IF.!, indirect fluorescentantitndy test; LA,
latexagglu[irtation:BFT, bentoniteflocculationtest.

Differentiation between cysts of E. histolytica,
E. polecki. and E. coli can be difficult.’; There

are five major points of distinction between E.
}listolytico and 1?. polecki, the two amebae most

often confused. First, E. polecki has a single

nucleus with only about 1YC of cysts reaching a

binucleate stage. E. histolytica is infrequently
uninucleate, and usually more mature cysts are

seen containirrg 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
ka~osome 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 karyosome md uniform

distribution of peripheral nuclear chromatin.
Third. E. polecki cysts rarely have glycogen
vacuoles which are commonly seen with E, his-

tolytic~. However, an inclusion mass—a darkly

st~ined body s–4 times the size of the nucleus—is

often found in the cytoplasm of E. polecki, It is
not found in E. hi~folyfic~. Fourth, -!?. Ilistolytica

usually contains less than ten chromatin bars:
E, po[ecki may hove as many as thirty. Finally.
E. hislolyticd is readily treatable; whereas, E.

polecki is virtually refracto~ to therapy.’ E.

poiecki is tIOt invasive beyond the intestine:
wherein. E. histolyticd is well known for extra-

intestinal complications.

AND STRICKLAND $
‘i

‘l%is is only the second recorded case oi

tomatic illness secondary to E. polecka’ in
infection. Levin and Armstrong reportedj
year-old female Peace Corps volunteer stal

in India with documented infestation fl

months, the last 7 months away from thew~
sumed contact area in India.l Our patient &.
sisted in having uncontrolled 5YIIIPtOt’natic &

polecki intestinal disease for 10 months afte
leaving Africa until he was finally successf~y

treated. Furthermore, his diarrhea during the 2
years in Africa could have been at least in ~R

due to 1?. poiecki infection.
This infection has never previously been Wc.

cessftdly eradicated from a human host. After

9 months of follow-up, with 12 negative stoOI
examinations, we consider the patient’s infection

to be cured. To our knowledge, this is the first

time that diloxanide furoate had been used

specifically to treat E. Polecki infection. It is
used as a luminal amebicide, and when combined

with metronidazole is considered an ideal regimen

for acute amebic dysentery.”0 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.lx It is not
known whether diloxanide furoate alone is suf-

ficient to cure E. polecki infections. .4 combina-

tion with metronidazole, as used to trea~ our

patient, may be required.

W’e 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 Strongyloides sfercorolis. There was

no clinical or laboratory evidence for a collagen

vascular disease, allergies or leukemia.

..iCKXOl\”LEDCMEXT
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SUCCESSFUL TREATMENT OF SYMPTOM.4TIC
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J. S. SALAK1, J. L. SHIREY, AYO G. T. STRICKLAND
Dcpartmenf of Medicine, Sationaf .Vaval Medical Center and Unijormed Services
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.4bstruct. 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.

,t ‘ $J+

@Jjt Human infection with Etdamoebu polecki is
rare and the parasite has been confused micro-
scopically with Entumoebu hisfolytica.l It is

generally considered not to be a pathogen for
man. Herein, we report a case of prolongedc

Reprinted with permission
symptomatic E, polecki intestinal disease in a

patient in whom medical treatment for the organ-

through the Copyright ism resulted in the first clinical and laboratory

Clearance Center cure. This is the 20th human case reported, the

second in which the patient had been symptomatic.

CASE REPORT

D. McIC.. 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 .Ifrica, he experienced multiple episodes

of dysente~ diagnosed as both amebic and bacil-
la~. \Vith each episode he was treated with
appropriate ther~py and obtained temporary

symptomatic improvement.

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

.\ccepted 1S Stptember 1978.

—

* The opinions or assertions contained herein are
the private ones oi the authors and not to be con-
strued as official or reelecting tbe rie~s of the xa~?
Department or the naral service at large.

.iddress reprint requests to: C.4PT. G. T. Strick-
land. MC, CSX. Department of }Iedicine. Cniformed
Serrices Cniversit}- of the Health Sciences, 4301 Jones
Bridge Road, Bethesda, Maryl~nd ~~1~

worm infection, Nevertheless, he continued to

have mucoid stools, diarrhea, nausea, headache

weakness, malaise, and abdominal cramps, Hi:

weight, which had been 155 lbs in June 1974, was
134 lbs z years later.

In September 1976 the patient was first seen

at the Xational Naval Medical Center for inves.

tig~tion of his continued gastrointestinal com-
plaints. At that time his physical examination

was unremarkable, other than mucoid stool on
rectal exam. .i stool specimen obsemed for para-

sites showed a heavy infection with ~nttimoeb~
polecki and he had a 26% eosinophilia f~ig. 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 pr
day for 20 days. Afthough subjective improve.

ment occurred and the parasite was absent from

the stool briefly, both E. polecki cysts and his
symptoms recurred (Fig, 21. Over the next lC
months the patient received numerous courses oi
treatment with anti-amebicides, with no sustainec

resolution of either symptoms or presence OT
the organism in his stool specimens. althou~t
symptomatic improvement often coincided witt

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 md are listed ir

Tab[e 1. .\ll routine kiboratory tests were normal

.4 total of 31 stool specimens were examined witk

no other intestinal parasites obsemed. .Sc/risto

sows htsematobiurn were not present in the urine

Repeated thick blood films did not show filariae

However, eosinophilia was always present and

slthough it diminished after successful therlp!

for the E, polecki, it persisted ( Figs. 1 and 2 I.

In July 1977, the luminal agent, diloxmidl
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FIGUREI. Representative E. polcckj cysts The Isaryosome 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 ~sts. 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
r~D for 10 days, 500 mg three times daily, L-pen
---

- Ietion 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 stoo[ 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

dieta~ indiscretion, e.g., excessive beer consump-

tion.

DISCL-SSIOX

Entamoeba polecki was first described and

named by von Prowazek in 1912 when it was first

seenby him in pigs and later monkeys, cattle, and
sheep, and was named after Dr. Poleck, a Samoan
physician.z The life cycle includes both tropho-

zoite and cyst stages, although trophozoites are

infrequently seen in the stool. .\lmost exclusively

described as a parasite of pigs and monkeys. i[ 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 0
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TABLEI
Laboratory ~tudits perjormed to dt-tect a potential

cause o/ alwrhea and eosinophifia other than Ent-
amoeba polecki. .-ill had normal results

%rolo~”

.%mebicIH.4 ( X 4)
SchistosomaI CFT and IF.+
Tri~hindla L.4 slide test
Fihrid BFT Snd lH.\

Procedures
Sigmoidoscopy ( X ?)
Rect.d biopsy (histological ~nd press exams)
B~rium enema
Gall bladder series
Duodenoscopy and small intestimd biopsy
D1lodenal aspirate essmination
Cpper gastrointestinal series with small

bowel follow through

‘ 1M+, indirect herna~luti nationtest; CFT, complement-
fixation (et. IF.4, mdmxt fluorescentmtibcdy test; LA,
latexagglutination: BFT, bentonite flwculation test.

Differentiation between cysts of E. Ici$toiyticu,
f?. po[ecki, and E. coli can be difficult.” There

zre 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
binuclea[e stage. E. histolytico 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. po[ecki. Second, the nucleus in the

cyst of E. #olecki is usually one-fourth to one-
third the cyst’s diameter and contains a large
ko~osome ~ith variations of the cbromatin pat-

tern. In contrlst, the E. hi~tcdyticc nucleus is
Ilrger. being one-third to one-half the cyst’s

diameter, with a small lmryosome md uniform

distribution oi peripheral nuclear chromatin.
Third. E. polecki cysts rarely have glycogen

vacuoles which zre commonly seen with E, kis-
tolvticu, However, an inclusion mass—a darkly

st~ined body .3-4 times the size of the nucleus—is

often found in the c>[oplasm oi E. Polecki, It is
not found in E. hijtolytic(l. Fourth, E. hijtolytica
usually contlins less thmr ten chromatin bars:

E. Po/ecki may htre as many as thirty. Finally.
E. hi~:olytic~ is readily treatable; whereas, s!?.

polecki is virtually refractory to therapy.’ E.
polecki is not invmive beyond the intestine:
where~s, E. hist~[jticd is well known for extra-

inte>tin~i complicaticm.

‘I%is is only the second recorded case oft

tor-mtic illness secondaty to E. polecki fr
infection. Levin and Armstrong reported$~
year-old female Peace Corps volunteer sh a

-J@in India with documented infestation f~:.
months, the last 7 months away from the ‘~
sumed contact area in India,l Our patient ~.

sisted in having uncontrolled symptomatic &

polecki intestinal disease for 10 months after
leaving Africa until he was final[y successf~y

treated. Furthermore, his diarrhea during tie ~
years in Africa could have been at least in ~n

due to E. Polecki infection.
This infection has never previously been SUC.

cessfully eradicated from a human host. Aftel

9 months of follow-up, with 12 negative st~
examinations, we consider the patient’s infectior

to be cured. To our knowledge, this is the firs!

time that diloxanide furoate had been trse(

specifically to treat E. Polecki infection. It k

used as a luminal amebicide, and when combinec

with metronidazole is considered an ideal regimer

for acute amebic dysentery.’ ‘0 Side effects ar(

virtually nonexistent with the exception of in

creased flatulence. It is also useful to eliminatt

cyst carriers and as an adjunct to metroniduoi(

in treating amebic liver abscesses.11 It is no

known whether diloxanide furoate alone is suf

ficient to cure E. polecki infections. .+ combina

tion with metronidwole, 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 fil~riae utd trichinosis wer

negative, as were re~ated stool examin~tions fo

other intestinal parasites and a duodenal mpirat

looking for .Strorrgytoides stercorJi$. There w

no clinical or laboratory evidence for 3 collage

vascular disease. allergies or leukemia.
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Nondysenteric Intestinal Amebiasis.-.
--- Treatment With Diloxanide Furoate

.
-.=_-

NO’IVCE
.... ..

WY? MAW?!AL !JIAY BE PROTECTED BY
CX.WYRIGHT LAW (TITLE 17, US. COllE)

Diioxanide 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 Entarnoeba hisro/ytica
infections while abroad. Criteria for cure were the absence of E histo/ytica
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 (83Y0 cure rate), relative
ease of administration, and minimal toxicity of diloxanide furoate
indicates that this drug has numerous advantages over other primarily
Iuminal-acting amebicides presently
treatment of chronic amebiasis,

M
ore than 90% of the individ-

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. .4
spectrum of symptoms is seen with
nondysenteric Entarnoeba histolytica
infections, ranging from asympt~
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 tie Tropical Medicine Unit, Office of
Medical .$emices, Department of State, Wa,sh-
kvgtnn,DC.

Read in part before the 30th annual meeting
=–- ;e American Society of Tropical Medicine

Iygiet.e, IJostmn, Dec 3, 1971.
+mint requests to OfFIce of Medical service%

Department of State, W.mhington, DC 20520
(Dr. Wolfe).
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available in this country for the

stools, lower abdominal cramps,
w-eight loss, anorexia and nausea, and
marked asthenia. The asymptomatic
and mildly symptomatic individuals
fit most definitions of s-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 10P, or trophozoites
fitting the definition for E histdyticu.
These people were treated with di-
Ioxanide furoate (Furamide).

A number of anilides looked prom-
ising as amebicides and one of them,
dichloroacet -4- hydroxy - .V - 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 resul~ 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

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 -
Ioxamide 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
amebissis and cure rates in the range
of 80% in the treatment of acute ame-
bic dysentery.’3 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.’ 6

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 asympt~
matic amebiasis patients (Panel on
Diarrhea] 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

Diloxanide Furoate in Amebiasis-Wolfe 1601
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Table 1.-Results*

Cured?

FoIIow.UP
~

TmN&d
Complete

Asymptoma tic cases 12 12 100
Symptomatic cases 65 52 80

TO* I 77 S4 83
Inmrnplete (eliminated)

Symptomatic cases 6 . . . . . .
Symptomatic cas4e 17 . . . .,.

Total 23
Grand total 100

●One hundred cases treated with diloxanide furoate.
t8ased on three negative results from complete stool examinations at one and three months

aftar treatment [a total of six negative stools) and a complete or marked symptomatic im-
provement.

Table 2 .—Pretreatment and Postreatment Symptoms*

pretreatment Posttreatment

Symptom Cured (S2) Failure@ (13) Cured (52) Failureat (13)
Anorexia 7 2 0 0

Nausea 6 2 0 0

Weight loss 10 1 0 0
Mushy stoo(s 40 8 11 4

Watery stmls 1 1 0 0

Mucus 4 1 0 0
Intermittent

constipation 11 2 0 2
Abdominalcramps 12 3 3 0
Distention 16 5 1 2
Flatulence 31 8 5 4

Fatigue 17 5 3 1

At least one
posttreatment
symptom 17 8

●sixtv-fiva svmDtomatic cases with comolete follow-urn Twelve asYmPtOmatic cas~ not
includ&J. -

tSaead on the persistence of E his~olytica parasites in posttraatment stool specimens.

States for the treatment of non-
dysenteric forms of amebiasis. A new
drug investigation application was
filed with the Food and Dmg Admin-
istration for diloxanide furoate, and
the studv to be described was carried
out from June 1970 thrmgh Decem-
ber 19’71.

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
ptimarily adult population seen in the
Tropical Medicine Unit of the Depart-
ment of State Oflice 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 hi.stolytica

1602 JAMA,June 18, 1973 ● Vol 224, No 12

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

.. ’-

4
-,;$’””:,

iodine, zinc sulfate, ”and “formal
hyde-ether concentration, and an&C
bic culture utilizing liver-cholesterol ‘
broth. Dobell’s hematmyiin-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, 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 mgfkg 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-
=i.s-endemic areas between the one-

~=z ~d three-month follow-up examina-
ms, Six patients with treatment

lailure 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
“ me of 17 people who had had this

‘-nplaint (Table 2).-=–

lwenty-six patients who had com-
plete follow-up had coincidental En-

tanweba Iuzrtmanni infections before
treatment, and in only two of them
was this parasite present in pxt-
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-
treat.ment blood cell counts and

urinalyses.

Comment

The results of this investigation,
the elimination of cysts from all 12

aaymptomatic patients, and an over-
=Z ~cure rate of 83% in the 77 diloxa-

e furoate-treated patients with
-@quati follow-up, are similar to
these of the two previous studies of

<..
:JAMA, June 18, 1973 ● Vol 224, No 12
. .“..., ,.-:
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I Table 3.—Side Effects*

Recorded %
Flatulence 78 87.4

Anorexia 3 3.3

Na uses 5 5.6

Diarrhea 2 2.2

Abdominal cramps
(mild) 2 2.2

*One hundred patients treated with diloxa-
nide furoate. Nine~ 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 investi~ations of di-
loxanide furoate in none~demic 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 Dreaent 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
stud}- 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

drug is not available in the United
States and frequent troublesome side
effects can occur with its use. Tet-
racycline, 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 usuaIly 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 iodochlorhydroxy quin (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
feet.” Carbarsone, an arsenical, when
employed alone is curative in cmly
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“about 50% of casea.’ 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 iow.” Al-
though side effects are fewer with
glycobiarsot than with carbarsone,
isolated instance9 of arsenical tox-
icity have been reported. ” In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenical
should be used for a chronic condition.
Metronidazole has been heralded as
the most effective drug for all forms
of amebiasis. Although metmnidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis,” claims that it is superior to pr-
imarily Iuminal-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 metr~
nidazole alone in various dosage regi-
mens in Pakistan” and India. ” But
studies in Bangkok’” and London”
showed metronidazde by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of am~
biasis in the lumen of the bowel. In
the London study, carried out at the
HospitalforTropicalDiseasea, it was
concluded that the cure rate in these
forma 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 a6 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

and may be additive to those caused
by primary bowel-active drugs, such
as diloxanide furoate (or tetracy-
cline, 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 metronidazde in cases
of acute amebiasis, particularly if di-
loxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this country. Tttis 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.’3 We are presently evaluating
a regimen of metronidazale and di-
loxa~; de 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

treatment of chronic and subacute
nondysenteric amebiasia.

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 Tredemarlrof Drug

Metmnidazole-l%gyl,
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Treatment of non-invasive amoebiasis. A comparison
tinidazole alone and in combination with diloxanide

between
furoate

PEHROLOV PEHRSON ANDELIASBENGTSSON
Dejx. ofinfec~ious Diseases, Karolinska Inslitute, Roshgstull HospiUl, BOX 5651, S-1 1489 Stockholm, Sweden

Summary
Tirridazole (40 mgkg body-weight in one daily dose for five days) and tinidazole (same dose) plus

diloxanide furoate (20 mirjlcg body-weight divided into time daily doses for 10 days) were compared
as treatments for amoebiasis. The parasitic cure rates were 44 and 91°A respectively. We cannot,
therefore, recommend tinidazole alone in this dosage as a treatment for non-invasive artmebiasis.

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 @tWltsON, 1982), tinidazole was given to a
series of patients with chronic intestinal or asymp-

~–a+mtic Smwbiasis. When checked by at Itist three
01 specimens taken on different days, one month

~tcr treatment, we found a parasitic cure rate (p.c. r.)
of O% (0/14). This should be compared with the
results obtained in other studies, showing a cure rate
of 77 to %076(Misw& LAIQ, 1974; PWUiSH er al.,
1974; Jown & 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 followin treatment with

1!tinidaz.cde and diloxarside furoate ( m-amide] in com-
bination. This latter was found to be an effective
intrahsminal amoebicide (WOODRUFF & BELL, 1960,
1%7; WOLFE, 1973), whose mode of action upon the
amoeba is unknown. We omitted Furarnide as a single
regimen, because it is considered to be ineffective
against invasive amoebiasis and there is always a risk
of developing an invasive form of the disease if
zymodeme differentiation of strains of Entarnoebu
hiswlyhca is not performed routinely @ARGEAUhT&
WtLLtAMs, 1978; SARGEAUNTer al., 1982).

Materials and Methods
During the period of the study, 41 patients were

diagnosed as suffering from arnoeblasis. 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, dysemeric amoebiasis or diagnox or
suspected cases of liver abscess were included. Tbe patients
had no[ remived any anti-amoebic drug during the previous

:-mear. Nine of the patients had a concornitam infection with
iardia Isrmbha,two with Skr@lla @neri, two wids Campy-

ti’batter “q”sosi,one with Salmemella parafyphi A, one with
Hynwdpis norm,one with Ascarislumbricoidaand one with
Trickwi.r erichissra.

In a predetermined, random order, the patients were
skated to two groups, 18 being treated with tinidaxole
alone md 23 with the smmbination. AU were hospital
in-patients and kept under supervision during ueaunent.

Dosage sckeduk
(1) tinidazole40 mg~g body-weightin onedailydose for five
days;
(2) tinidazole as above plus diloxanide furoate 20 mgkg
body-weight divided into three daily doses for 10 days.

Approximately one month after the treatment was com-
pleted, checks were made, including the examinationof at
least three stool specimens taken on different days. One of
these was examined by direct microscopy of freshly passed,
loosefaecesinduced by a s~o magnesiumsulpha:epurgative
and the other normafly passed specimens were examined
by the formol-edser-concentration technique described by
RtDLEY& HAWGOOD (1956). Failure was defined as the
persistenceof amoebic trophozoites or cysts in any of these
specimens.

Those in whom the treatment witi dnidaxole failed were
later treated with the combination of tinidazole and &lox.
snide frsroareand rboaein whom the combinationfailedwere
treated with metronidazole 40 mglkg body-weight daily for
10 days.

Results
Data on the participants and the results of the

checks one month after treatment are shown in Table
I. ln 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
I“/.-level (two-tailed test) and in favour of the
combination. No differences could be found between
the res~nse of Swedes and that of the ~grants, or
between those infected on drfferent continents (Asia,
Africa, South America). Tke presence of other
parasites did not seem to affect the outcome of the
treatment.

Discussion
Our results with tinidazole alone (44”Ap.c.r.), in

treating rron-dysenteric arnoebiasls, are unsatisfactory
and chffer very much from those obtained in previous-
ly published studies by different authors, using the
same dosage schedules (77 to %“/o p.c.r.) (ISUM &
HASAN,1975; Atm & PACKARD,1978) or lower
(Mlsw & LAtQ, 197’4; PRAKASH ef d., 1!W4; JOSHI &

SWH, 1975; BAKASfttel 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 amoebicidaf effeet of the nitroimidausles on
the cyst stage of E. hiswlytica was observed by
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Tabk I-me ch-cteri$tic$ ad treatment msufta Of 41 patients with non-invasive amoebiasis

Median age Patients with Swecks v. Parasite- Parasile
(age range) sysnproms v. other free at cure

Trearzncrat No. years asymptornatics nationalities check rate

Tinidazole
40mg&gxl+V 18 28 (9-68) 11:7 8:10 8 bao~

Tinidazole 40 mglkg x 1
X V + diloxazride 23 26 (6-68) 15:8 11:12 21 92%
furoate5COmg x3xX

SPILL.WN et al. (1976), but this report was contra-
dicted by BAKSHI et UL (1978): Our drug @al was
carried out in a country in whach amoeblas]s is not
endemic, making reinfection during follow-up very
unlikely, and confuming 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 too effective absorption (MONRO,1974)or
inactivation by aerobic organisms as shown by RA.LPH
& CLARKE (1978).

When tirridazole was combined with diloxanide
furoate, we obtained a cure rate of $’lO/.,which may be
compared with studies by WOODRUFF& BELL
(1%7), in which they reported a cure rate of 95% in
amoebic cyst-passers treated with diloxanide furoate
alone for 10 days and WoL.m (1973), who found a
cure rate of 83°/0 using the same schedule. It is also
noteworthy that all our fahres with tinidazole alone
have proved to be freed from their infection after
treatment with the combination.
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DIMERCAPTO-1-PROPANESULFONIC (DMPS)

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:

&.imit-Min.4Mx) (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
pharmacopoeias:
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Information about dosage forms used:

Capsules

Information about strength:

200-400mg

Information about route of administration:

orally

Stability data:

Melts at about 230-235°
Stable

Formulations:

M. Miscellaneous Information:
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QUALITY CONTROL REPORT

A CHEMICAL NAME. :DIMERCAPTO- 1- PRO PANESULFONIC
/

-.

MANUFACTURE LOT NO. :NA0487

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:usP /BP /MERCK /NF_/F4ART._/CO.S~CS._V—— —

l)DESCRIPTION .:

f
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.

i’

r$
4)SPECIFIC G_VITY. :

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

PASSES. : FAILS .:

COMMENTS.:FULL NAME. :DIMERCAPTO-1-PROPANESULFONIC ACID SODIUM SALT 2,3.

ANALYST SIGNA-. : DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RJZTEST .: DATE. : INITIAL. :
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MATERIAL SAFETY DATA SHEET

D1-2J-Dimereapto- l-Propanesulfonic Acid, Sodium Salt, Monohydrate 95%
02225

**$* sECT1~N 1 . C~~JMICAL pRODUC’f AND COMPANY HIENTTFICATION ****

MSDS Name: D1-2,3-Dimercapto- 1-Propanesulfonic Acid, Sodium Salt. Monohvdrate
(3

Synonyms:
DMPS

_-—a Company Identification: Acres Organics N.V.
One Reagent Lane
Falrlawn, NJ O741O

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 CH~REC: 800-424-9300

**** SECTION 2 - COMPOSITION, INFOPJ4ATION ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------+
i CAS # 1 Chemical Name 1% I EINECS# I

l---------------- l -------------------------------------- 1---;;;---- 1-----------1
4076-02-2 lDI-2,3-Dimercapto-l-Propanesulfonic Acl [ 223-796-3 I

I lid, Sodium Salt Monohydrate I I I
+----------------+--------------------------------------+----------+-----------+

● *** SECTION 3 - ~zARDS 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
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irritation.
Chronic:

Not available.

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 soap 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.

**** SECTION 5 – FIRE FIGHTING MEASURES ****

General Information:
ti 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 _ AccIDE~~ REL~E ~uREs ****

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.

**** SECTION 7 _ ~LING and STO~GE ***4

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 PROTECTION ****

Engineering Controls:
Use adequate ventilation to keep airborne concentrations low.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+
I Chemical Name I ACGIH I NIOSH IOSHA - Final PELs[
l--------------------l------------------- l------------------- l ----------------- I
I DI-2,3-Dimercapto-llnone listed Inone listed Inone listed

---- I -Propanesulfonic Acl I I
I id, Sodium Salt Monl
I ohydrate /I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs:
DI-2,3-Dimercapto-l-Propanesulfonic Acid, Sodium Salt Monohydrate:
No OSHA Vacated PELs are listed for this chemical.

Pezsonal Protective Equipment

Eyes:
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 29 CF’R1910.133.

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.

● *** SECTION 9 _ pHysII-~ MD CH~I(-+L properties ● ***

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:

~-—. Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Solid
white
None reported.
5.0 0.5
Not available.
Not available.
Not available.
Not available.
@ 760.00mm Hg
229 deg C
Not available.
Not available.
Not available.
C3H703S3Na.H20
228.28

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.

**** SECTION 11 _ ToxIcoLoGI~ INFORMATION ****

——-.___

RTECS#:
CAS# 4076-02-2: TZ6420000

LD50/Lc50:
Not available.

Carcinogenicity:
DI-2,3-Dimercapto-l-Propanesulfonic Acid,

Not listed by ACGIH, IARC, NIOSH, NTp,
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.

Sodium Salt Monohydrate -
or OSHA.



MATERIAL SAFETY DATA SHEET Page 4 of 5

----.-

**** SECTION

Ecotoxicity:
Not available.

Environmental Fate:
Not available.

Physical/Chemical:
Not available.

Other:
Not available.

12 - ECOLOGICAL INFORMATION ****

**+* SECTION 13 _ ~ISpOS~ CON~~l)E~TI~N~ ***+

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 llsted as

US DOT
No

IMO
Not

IATA
Not

RID/ADR
Not

Not listed.
a material banned from land disposal according to RCRA.

**** SECTION 14 _ T~s’poRT lNFo~.TIoN ****

nformation available

regulated as a hazardous material.

xegulated as a hazardous material.

regulated as a hazardous material.
Canadian TDG

No information available.

**+* sEcT1oN 15 - Regulatory INFo~TIoN ++**

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:

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

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

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
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California No Significant Risk Level:
None of the chemicals in this product are llsted.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

CAS# 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

**** SEC.TION 16 - ADDIT1oN~ lNFo~TIoN ****

MSDS Creation Date: 3/07/1992 Revision #3 Date: 9/11/1997

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

--------------------------------------------------------------------------------

1‘?:ILLto product information.—..—.=._-—



Sodium Polystyrene Sulphonare/Unithiol 997

Adverse Effects and Precautions
Succimer may cause gastro-intestinal disorders,
skin rashes, increases in semm tmnsamirtase, flu-
Iike symptoms. drowsiness, and dizziness. Succimer
should be used with caution in patients with im-
paired renal function or ~ 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 ffleces and
via the lungs.

References.
1. Dan RC, t! al. Pharmacokmet!cs of me$o-L3-dimercap fosuc-

cmrc ac!d in pawmls wtlh led po!son{ng and snhesllhy ~dulls.
J Pt’dicwr 1994:125: 30!- 16.

Uses and Administration
Succimer is a chelating agent structurally related to
dimercaprol (see p.980). lt forms water-soluble
chelates with heavy metals and is used in the treat-
ment of acute poisoning with lead, arsenic, or mer-

Uses and Administration
Trientine dihydrochloride is a copper chelating
agent used in a similar way to perticillamine in the
treatment of Wilson”s disease. [t 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. llte 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 dw-

Iy if required.

Preparations
Namex of preparmions are listed below: details we given in Pan 3.

Official Prepsrstions
USP 23: Ttiemme Hydrochloride Copsuies.

ProprSetsry Preparations

USA: Syprine.

~ Unithiol 00SW
Cury.
Succimer mav also be used in the management of~)Sodurn 2.3-&memaptopropanes.lpho.ate

cystinuria. Succimer, labelled with a mdionuclide, is

used in nuclear medicine.
[n 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 mz body-surface area every 8
hours for 5 days then every 12hours for an addition-
al 14days. The course of treatment may be repeated
if necessary, usuafly 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. Succlmer—an oral drug for lead poiscmmg. Wed

LeII Drugs l%er 199I: 33:78.
2. Mann KV, Travcrs JD. Succ!mcr. an oral lead chelator. Cli.

Phwm !991; 10:914-22.

Exeracorporeal administration.Extr~corporeal infusion
of succimer into theanerial blood line during haemodialysis,
a procedure known as exrracorporeal regional completing
haemodialysis, praduced a substanoal clearance of mercury
in an anuric panent following intoxicmion with inofganic
mercury. 1 Clearance was approximately ten times greater
than that achieved wirb haernodalysis following infrarmrscu-
lar adtinisrration of dimercaprol.

I. Kosyniak PJ, e! al. Extracorporeal region.d completing
haemodmlysih meatment of acute Inorgamc mercury mroxkcw
[ion. H{,m Fonco( 19% 9 137-41.

Preparations
Names of preparations are listed below: derails arc given m Parr 3.

Pmpriees~ Preparations
USA: Chemet.

Trientine Dihydrochloride (13377.)

Tnenone Dlhydmchlonde (BAN, rfNNM).

MK-068 I: Tnen Hydrochloride; Trienune Hydruchlonde
(USAN):Tnethyleneceoamine Dihydmchlonde. 2.2’-Ethyiene-
di.mwmbis(ethylamme) dihydmchlonde: N,NI-b@2-Ammoe-
thyl)- 1,Z-ethanediamme dihydrochlonde.
C6H18N4,2HCI = 219.2.
CA5 — I I 2-24-3 (trientine); 38260 -01-4 (tr!emine dihy-

drochlonde).

Pharmacopoeias In US

.4 white to pale yellow c~stalline powder. Freely soluble in
wmec soluble in methyl alcohol; slightly soluble tn alcohol;
pracucdly insoluble in chloroform and in ether. A I % so[u-

non in water has a pH of 7.0 to 8.5. Store under an ineft gas
m mmght contanrers at 2° to 8“. Protect from light.

Adverse Effects and Precautions
Trientine dihydrochloride may cause iron deficien-
cy. [firon supplements are given an interval of at
Iem.t2 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.

~, H7NaOlS1= 210.3
CAS— 4076-02-2.

Unithiol is a chelating agent structurally related to
dimercaprol (see p.980), It is wa[er 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-
Iy.

Reviews.
1, Aposhrdn HV. DMSA and DMPS—water soluble anudotes for

heavy mefal poisomng. Ann Rev Pharmacol Toxicof 1983; 23:
193-215.

2. Hmby K, Ounncr A. 2.3- Dimcrcapm- I-propanesu lphona[c In
heavy metal porsomng. Wed Toxtcol 1987.2:317-23.

Lead poisoning. Unithiol has been tried in twelve children
with chronic lead poisoning. 1 tt reduced lead concennwons
in blcwd but did not affect the concentrations of copper or zinc
in plasma. During rreacment the urinary excretion of lead.
copper. and zim was increased.

The usuaJ chelating agettra used in [he management of lead
poisoning are discussed on p. 1720. ~

1. chisolm JJ, Thorns DJ. Usr of 2.3-dimcrcaptopropanc- I.sul-
fona[e in treatment of lead ~isomng m ch!ldren. J Phmmacol
EXP Thcr 1985: 23S: 665-9.

Mercury poisoning. Administration of unithiol 100 mg
rwice &il y by mouth for a maximum of 15 days enhanced
umrary elimination of mercury in 7 patients with mercury
poisoning. I The urinary elimination of copper and zinc was
atso increased in most patients and two developed skin rashes.
Unithiol. 50 mg per 10 kg body-weight by mmunuscular irr-
jection three times a day reducing to 50 mg per IO kg once a
day by rbe third day of rxeaunem, effectively reduced the half-
Iife of mercury m the blood following poisoning with methyl-

j’

mercury.? 1
[, ,MamTGK. Climcal studies wtth dimercap!opmpane sulpho-

rmte in mercury ponsoning.Hum JOXICO11985, & 346.
2. Clarkson TW, et al. Tests of efficacy of antidotes for removal

of methyl mercury in human pisonmg during the lraq .ut -
1

brink. J Phannucol EXP Ther 198I: 2[8: 7’L83.

WilsorI’s disease. Unithiol 200 mg ~wice daily 1 wm used
successfully to maintain cupriuresis in a 13-year-old boy wh
Wdson’s disease after he develo~d systemic lupus during

treatment with penicillamine and wirh trientine dihydmchlo-
ride, which are nvo of the ustml agents used in Wilson’s dis-
etrae (see p.9Y2). Unithiol was starred in two similar patients]
but both w]rbdrew from rremrsem. one because of fever and a
fall in leuc~yte count following a test dose and tie other b-
cause of intense nausea and taste Impairment.
1. Wdshe JM. Umthiol m Wtlson’s disease. Br Med J !985: 290:

673A,

Preparations
Names of preparations Xe Iiw?cf below; de[mls we gwcn in Pm 3.

Pruprietsry Preparations
Ger: Dlmm’al; M

-L
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2, 3-IxMERmO-l-PROPA-NE W~FO~IC ACID (DMJ?s)
IN THE TREATMENT OF HEAVY METAL POISONING
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2, 3-DMERCAPTO-1-PROPANE SULFONIC ACID (DMPS) IN TI+E
TREATMENT OF HEAVY METAL POISONiNG

Introduction

The use of chelating agents, such as BAL (British Anti-Lewisite), caicium 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. [n 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-l-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. [t 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

Heyl & Co. in Berlin, Germany as Dimaval@. However,

(FDA) and is manufactured by

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

Sh-ucturalIy, DMPS is related to BAL (Figure 1) (1, 2, 3). [t is a suifonic acid salt with

two free sulfhydyl groups (SH-) which form complexes with heavy metals, such as mercuy

_____
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(Hg), cadmium (Cd), arsenic (As), lead (Pb), copper (CU), silver (Ag), tin (Sri), 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 appie sauce (3). in addition, stability studies on DMPS are currently not available,

but it is considered to be vey stable and not readily oxidized during pre-use storage.

llera~eutic 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 mercuy poisoning and is in fact sold in Germany

-—= without the need of a prescription (2). [t 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

r 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).

WI]en given parenterally. 5 mg per kg body weight three times a day was the recommended

dose(7).



Pharmacokinetic Studies

_r—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 #
——

J—
this drug are widely availabIe (1, 2, 11, 12). Studies have shown that DMPS is distributed

both extracellularly and to a smaller extent intracelh.darly (5, 11). Scientists made an

assumption that if the drug appeared in the bile then it must have entered liver celfs first, and

experiments done in rats proved that DMPS ~ 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 (DTl_) to give back DMPS, the parent

compound. The DMPS-albumin dlsulfide 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, 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 metabolizes or the oxidized forms of the drug (12). [n humans, DMPS is biotransformed

or oxidized to acyclic poIymeric diwdfides (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

—=
-—- -,



using an assay that employed the chemical known as bromobimane to react with the thiols
..-.

(Figure 3) (5, 12). Neither brornobimane nor DMPS has a fluorescence, but bromobimane

would react with DMPS to form a f-iicjdyfluorescent bimane derivative. The resulting

compound is then analyzed using the technique of HPLC (High-Performance Liquid

Chromatography) to detect unaltered molecuIes. The value of the altered or biotransformed

molecules of the drug is then determined by subtracting the value of experimentally

determined unakered forms from the value of experimentally determined total DMPS (5).

Nevertheless, the disulfide group and certainly the sulfonic group are vey poor

chelaton, especially of mercuy or lead (12). The two sulfhydryl groups of DMPS are

necessay for chelation. DMPS disulfides appear to be transported and reduced to DMPS

within the renal tubules in the kidney where chelation of mercuy by DMPS increases

mercuxy 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 metabo[ites produced after oral and IV administration. Other

pharrnacokinetic parameters of the drug include an elimination half-life of 43 minutes, a

volume of distribution (Vd) of 160 r-nUkg,and a clearance (CL) of 2.6 rnf/mirvkg (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 mfig, some patients developed

alIergic reactions to the drug. This is usually because the patien~ have a histoy of aIlergies.

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. lt also exhibited no mutagenic or teratogenic effects (1). When the dosage

increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and

was

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 Chelatin~ Awnts

In the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are

becoming obsolete. Water-soluble chelating agents Iike DMSA (succimer, Chemet@) and

DMPS are therapeutically more potent and less toxic (1, 2, 5). When compared with D-

penicillamine and N-acetyl DL-penicilIamine, DMPS was the most effective for clearing

mercuy from the blood (6). It is more advantageous than DMSA since it has been

extensively used in the Soviet Union and in Germany, and capsu~es for oral use as wefl as

——— parenteral preparations of DMPS are available. DMSA. on the other hand, is only available



oraJly, thus, pharrnacokinetics 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 wouId 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 LDm since it does not get into cells (TabI~).

Conclusion

[n 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-l-propane sulfonic acid is the recommended choice.

6



Fiqure 1

-—.—
Chemical forrnuias for chelating agents used for treating heavy metal poisoning of humans

(From Reference #2)
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Fimre 2

_&-%_ Proposed Structures of the human urinary metabolizes of DMPS (From Reference # 12)
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Fiqure 3

Proposed Reactions of bromobimane with DMPS (From Reference #5)
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Table 1

hdications and Contraindications of chelating agents in heavy metal poisonings
(From Reference #2)

Metal* First Choice Second Choice Contraindications

Hg metal DMPS DMSA Dimercaprol

FIg inorganic DMPS DMSA Dimercaprol

Hg organic DMSA, DMPS Dimercaprol

Pb DMSA

As DMPS. DMSA

DMPS

Dimercaprol

Dimercaprol, EDTA

Dimercaprol (?)

Cr DMPS

Sb DMPS

Transuranics DTPA
__—.

*Abbrewaticms: Hg= mercury, F%= lead. As= arsenic; Cr=chron-tium; Sb=annmony.

Table 2

*LDWDetermination intraparenteralfy in mice (From Reference #5)

Compound LD~Q(mmol/kg) 95% confidence Number of mice

intewal

BA!. 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
*LD~= meclianlethalclose.

.— —
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2, 3-DIMERCAPTO-I-PROPANE SULFONIC ACID (DMPS) IN THE TREATMENT OF
HEAW METAL POISONING

The useof chelating agents, such as BAL (British Anti-Lewisitej, calcium disodium EDTA, and

penicilkuninein the treatmentof humanexposureto toxicmetalshas beenwellknownand accepted(I, 2,

3). However,thesechelatingagentshavelimited therapeuticefficaciesand undesirablesideeffects. In the

quest for therapeuticallymorepotent and lesstoxicmetal-bindingagentsto use in the treatmentof heavy

metalpoisoning,scientistshavefound that the sodiumsalt of 2, 3-dimercapto-I-propanesulfonicacid

(DMpS) is ~ exmple Ofsucha compound(2, ~). It is a water-solublechemicalanalogof dimercaprol

(BAL)bu, is lesstoxic. It is administeredparenterallyand is alsoeffectivewhengivenorally. It has been

usedas an officialdrug in the SovietUnion since 1958 as Unithiol@. DMPS has beenapprovedby 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].

Chernl“cal Properties

Structurally, DMPS is related to BAL (Figure I) (I, 2, 3;. It is a sulfonic acid salt with two free

sull%ydryl groups ~SH-) which form complexes with heavy metals, such as mercury ~HgJ, cadmium (Cdj,

arsenic [A;, lead ~PbJ, copper {Cuj, silver (AgJ, tin ~SnJ, and obers. It is soluble in water and can be

administered parenterally as well as oraIl~. DMPS has a distinct odor; thus, it is recommended to

1



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.

T’hera~eutir Use

AS mentioned eadier, DMPS is used in the treatment of poisoning in humans by heavy metals

including mercury, arsenic, and lead (Table I) (2, 6, 8, 9, IO). 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 mercury exposure; it has been found as the

ideal agent to detoxi(y 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 singIe 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 of200

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).

Pharrnaco kinetic Studi~

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, II, 12J. Studies have shown that DMPS is distributed both cxtracelluIarly and m a smaller extent

2
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intracellttlarly (5, I I). Scientists made an assumption that if the drug appeared in &e bile then it must have

entered liver cells first, and experiments done in rats proved that DMPS & enter the liver cells in small

amounts (5).

In the plasma, DMPS is found to be about 62.570 bound by protein, mainly albumin, via a

disulfide linkage (5, II, 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. & 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, II, 12). Hurlbut, tv.

al (1994) demonstrated that only about 120/0 or 9°/0, 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 metabolizes or the oxidized forms of the

drug (12). In humans, DMPS is biotransformed or oxidized to acyclic polymeric disulfides (which

constitute only 0.5?40 of the total DMPS disulfides) in the liver and cyclic polymeric disuIfides [97°A of the

total DMPS disulfides) in the bile (Figure 2) (2, 5, 12J. The amount of altered or unakered 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.

lle value of the altered or biotransformed molecules of the drug is then determined by subtracting the

vaIue of experimentally determined unaItered forms from the value of experimentally determined total

DMPS (5].

3



Nevertheless, the disulfide group and certainly the sulfonic group are very poor chelators, especially

of mercury or lead (12). The two stdfhydryl groups of DMP.S 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; oraI bioavailability of DMPS is about 60% (1 I). The

haIf-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 (I 1). These values may represent differences in the metabolizes 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, I I).

–——_

Isxkiks

DMPS is a relatively safe drug and has been used innocumdy 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 histoW 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

tdcerations 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 h}~otensive effects are possible when it is given
_—_—
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DMPS VS. O ther C&la MQ Agenu

parenterally as a bolus (2).

In the treatment of heavy metal poisoning, BAL and calcium disodium EDTA are becoming

obsoIete. Water-soluble chelating agents like DMSA (succimer, Chemet@) and DMPS are therapeutically

more potent and less toxic (I, 2, 5). When compared with D-penicillarnine and N-acetyl DL-

penicillamine, DMPS was the most effective for cIearing 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 speci~c
..-.

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 tlms is intermediate in its toxicity.

Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the highest LD~O since

it does not get into cells [TabIe 2).

Conclusion

In retrospect, it appears that there is no better chelaLing 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 detoxi~ing patients of heavy metals as DMPS. Other
-—...
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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- I-propane sulfonic acid is the recommended choice.

Q3=J

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 metabolizes of DMPS (From Reference # 12)

.—’%
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Proposed Reactions of bromobimane with DMPS (From Reference #5)

_—_

___
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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

As DMPS, DMSA

DMPS

Dimercaprol

Dimercaprol, EDTA

Dimercaprol (?)

Cr DMPS
—=

Sb DMPS

Transuranics DTPA
*Abbrcvlatlons: Hg= mercury;Pb= lead; As= arsenic; Cr=chrom[um; Sb=mmmony.

Table 2

“LD~ODetermination intraparenterally in mice (From Reference #5)

Compound LD50 (mmol/kg) 95°4 confidence Number of mice

interval

BAL 1.48 1.11, 1.97 21~

DMPA 0.82 0.80,0.84 I 72

DMPS 6.53 5.49,7.71 88

meso-DMSA 13.73 11.36, 15.22 164

9
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*LD50 = median lethal dose.
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—.=- -. 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. [t 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 rs-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 (I). BAL,
however, is far from the ideal drug. Some of its limitations are listed in Table
1.

In the mid- 1950s, the chelating properties oft wo new agents, the sodium
salt of 2,3dimercapto- I-propanesulfonic acid (DM PS) and mesodimercap-
tosuccinic acid (DMSA) were reported (4, 5). These compounds are water
soluble analogs of BAL whose structures are shown in Figure i. 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
J Unithiol. The use of DMSA to increase the uptake of antimony during
schistosomiasis therapy was reported by Friedheim er al. (5) in 1954. For the

301
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TABLE 1. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

1. High Ioxicity
2.Low therapeutic index
3. Unpleasant side effects
4. Limited water volubility

5. Instability in aqueous solution
6. Must be given by injection

WATERSOLUBLEAND OSULLY WI VE

ANAIJXS OF BRITISH ANTI LEWISITE

SSH
14H

777 mm—

H- C- C- C- SO~,Na*
1[1

(2,3 -DISERCAPTO-1-PROPANS-
SULFtXSICKID, Na SALT)

SSH
H II UNIIWIOL, DIMAVAL— .

/m~_m tKA—
Ho-c-c-c- (MEso-DIXRCAYM SUCCINIC ACID)

II
Ss SUCCMR

H“ H

FIG. 1. Water soluble and orally activt analogs of British Anti-Lewisi\e.

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- I 1). 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 t20twi
(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 paucityof earlierstudks inthe West

may be that the synthesis of DMPS is very difficult and its export from the
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Soviet to the Wes( 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
DM PS. This recent availabilityy has encouraged investigators in West
Germany, Norway and the U.S. to “rediscover” and study the drug with

renewed interest (13- 19). DM PS 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 addition to
the physician’s armamentarium.

The present paper summarizes experiments in this laboratory d&ling with
the experimental use of DMPS and DMSA in the treatment of poisonings of

.. ~k.efollowhtg tindw sodium arsenite in mice, kwisite in rabbits and cadmium
‘oride in mice. In addition, a summary of some of the impofint properties

ui DMPS and DMSA that has been retrieved from the Soviet literature will be
discussed.

MATERIALS AND METHODS

Animals. Male mice of the Swiss CD 1 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 2S-30 g. Their source of
purchase, th&r food and conditions for maintaining them have been described
previously (16, 20).

Chemicak DMPS in the form of its Na salt was a gift of Heyl & Co., Berlin.
Since each molecule of NaDMPS has a molecule of H20 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).

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-ineti 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&life, ~vjng without increasing
.e cq~etion of the metal. This mechanisq.~. ~n proposed to explain the

effectiveness of N-acet yl-DL-penicihmine (2 1).For these tyasots we chose, as
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the basis of our initial assays in the present work, the prevention of the lethal
action of NaAs02. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of 74As.

The concentrations of the NaAsOl solutions were prepared so that a 25 g
animal would receive 0.050 ml. To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAs02, the influence of
the administration, i.p., of that compound on the LDW of NaAsOz was
determined by injecting, s.c., various amounts of NaAs~ 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 O.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.

Slarisrical 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 BM DP
program package (22) on a CDC Cyber 175 digital computer. Median
effective dose and corresponding 95% confidence intervals were estimated
following Finney (23).

RESULT SAND DISCUSSION

DIUPS or DMSA Pro(ects Mice Against the Lethal EJec~s oj Sodium Arsenile

Mice injected with 0.14 mmols NaAsOz/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 NaAsOz. However, two other well-known and clinically
useful chelating agents, mpenicillamine and !N-acetyl-t)L-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 DM PS nor DM SA need be given immediately after NaAsOz. 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 prophylactic potential is that
DM PS 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
agcntt Cumulative 214ay survival

(mmolcs kg) No. surwiving; No, started
i. p. %

(SaIirsc)” 0/48 o
0.80 DMPS 32/32 100
0.40 DMPS 12/12 100

0.25 DM PS 24/ 24 100
0.14 DMPS 21 [24 87.5
0.07 DM PS 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 g3

0.07 DMSA - , [6/24 67
.—.0.s0 -Pen 0{12 o

).25mPcrr 0/12 o
MO N-Ac-csL-Perr 0/12 o
0.25N-Ac-oL-Pen 0/12 o

●The NaAs~ (O. 14 mmolcs/kg) was injcctcd S.C. in the right rear kg.
fllsc chefating agents were administered i.p. immediately after NaAsC+.
In this and ssrbscqrsmTables, the data rcprcscnt ttrccsrmbincd results of a number of separate

experiments. Thcdma were mmbincd to take advantag of the resulting farger number of animak
for the edcrsfation of rncdian doses, the statistical evafuationof data and the morcceonomkal usc
of pwbfkation spa. Thw k reason for the number of animak in some groups differing from
ttrc rsumbcr ia otfscr groups of the same Table is [hat wry often the combined da~a are Lhcrcsuk of
from 2 to 4 separate experiments in which different numbers of animals were used in each
cxperirrrcnt.Otherwisethe cxpcrimcnts were performed under identical conditions. None of the

~pto compounds Iktsd in Tabk 2 arc Ioxic at Lhc doses used ●nd undcrtheconditions of the
present cxpcrirncnts.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE

DELAYED AfTER ARSENIC POISONING (16)

Dithiol and tinrc Cumulative 21 day survival %
●fter NaAs~*

*
was given No. srsrviving/No. started

(Saline) 0/20 o

0.25 DMPS
at &.) min 16; 19 84

at 90 min 18,’19 9s

at 120 tin 17/20 85

0.25 DMSA
●t 60 min 15, 19 79

at 90 min 19;20 9s

st 120 min 11/20 55

_—-—_- ●Aff ●nirnak rcccivmf NaAsC+ (O. 14 mm@~/ kg) s.c.’ in,tfsc ~~~rur kg. DMPS and DMSA-- .
Mere“giwr i.p. At the start of the cxpcrimcnt, wfscn NaAs~ was given, there were 10 animals in

each grdp. Howcvm, ia 3 of tfsc cxpcnmcntal gjrou~ ti ariimal died before DM PS or DMSA
was admmiatcrcd. Therefore, those groups ●rc Ii@ .tith, 19 ktstcad of.$fsc 20 started., ,. .,

. .

...
.....

‘.~:
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TABLE 4. PROPHYLACTIC AND ORAL ACTIVITY OF

DMPS OR DMSA (16)

Thiol Cumulative 214ay survival
compound No. surviving No. started

(mmoles, kg)
oral %

Saline 0’28 0
1.0 DMPS* 16; 18 89

0.75 DMPS 8, 10 80

0.50 DMPS 16.’m 80

0.25 DMPS i7, m 85

0.12 DMPS 0/ 10 0
1.0 DMSA 8/8 100

0.50 DMSA 10, 10 100

0.25 DMSA 8/10 80

0.12 DMSA 4[ 10 40

The NaAs~ (O. 14 mmoles/kg) was ●dministered S.C. in the righi rear leg. DM PS or DMSA
was given orally 15 min prior to the NaAsC+.

●The survival of control animals reaiving 1.0 mmoles of DM PS per kg and safine, instead of
NaAs~, was 100%

The experiments summarized in Tables 2 to 4 demonstrate the effectiveness
of DM PS 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-
penicil]amine and N-acety]-DL-penici] ]amine 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 DM PS 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 DM PS and DM 5A, has been evaluated
quantitatively by determining their activity in changing the LDN of NaAsOz in
mice. In addition, the therapeutic index of DMPS and DMSA has been
determined.

DM Pc or DMSA increases the LDW of NaAsO1

The LDW of subcutaneously administered NaAsOl 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 L%, it was found to be
0.129 mmoli 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. LDW OF SODIUM ARSENITE IN THE MOUSE (20)

NaAs02 Exp. I Exp. 2 Summation
(mmol/ k~ s.c.) Dead Dead Dead

S-d S~d S~d

0.08 o/8 — 0,8
O.w 0/8 — 08
0.10 o/8 (J/[2 o,m
0.11 0,18 — 0,8
0.12 1/(8 2/12 3m
0.13 3/8 7/12 10, m
0.14 7/8 12/12 }9, 10

0.16 — 12/12 12:12

L% (mmol/ k&) 0.1315 0.1274 0.1290
9% Coofiieocc (o.122,0.260) (0.080,0.131) (O.125.0.139)

interval

.- .,
he way of quantitating the activity of a drug in overcoming the toxicity of

., agent is to determine how much the LD= 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 NaAs~, the LDW of NaAsOz is
increased approximately 4.2-fold to 0.538 mmol/ kg (Table 6). Under the same
conditions, but using DMSA instead of DMPS, the LDn of NaAsOJ is
increased about 4.4-fold to 0.573 mmol/ kg (Table 6). Tbe increase with
DMSA is only about 594 more than when DMPS is given. Since the LDW of
NaAs02 plus DMPS falls within the confidence interval of the LDM of NaAs~

plus DMSA, it appears that the effect of DMPS and DMSA on the LDM of
NaAsOl 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 LDW of the
dimercapto compound by its EDn. The latter value is detined as the amount of
dimercapto compound (mmol/ kg) protecting 50% of the animals against the
lethal effects of 0.15 mmol NaAsOz/ kg. Tbe latter dose kills 100% of the
animals in this laboratory.

Tbe L% of DMPS, when given i.p., was found to be 5.22 mmols,’ kg(TabIe
7). This value is comparable to tbe value of 5.57 mmols/kg obtained by
Kostygov,(9) ●nd 5.02 mmols/ kg, i.p., in raw asreportedrecently by Planas-

--- %te’ef id .(27). For DMSA, the ~ is 13.58 mmols/ kg (Table 8). It
.n”paresfavbtablywith12.1mmola/ k% i.p., found in mice by Shib-Cbun el

d (J lJiP’Sbxtghaiand Peking and 14.0 rnmola/ kg determined by Matsuda
;,+>. ~,-.-:.~il..?% .-.* .’..,+’-i,..!.., . .. -.rf.,p,e*,t.:,:$ ;4.;WQ:,:.~:. :- ,.”i,t ..,>

*,,,=jj:::” :.-; ,: .>,,;>?;>y.:$>,+-:1

+’$$~$G:i<~f(5;;,~;:j...... . ‘ ,
. .f.:.,,,,f:i:..: ,.

‘:i+...,,.;~,:,f:.j~,:~,~,& ,.:,
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TABLE6. DIMERCAPTO-I -PROPANE SULFONATEOR
MESO-DIMERCAPTOS UCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITE* (20)

DMPS DMSA
NaAsC+

(mmol/kg. SC.)
No. Dead No, Dead

No. S~arted N~ii&

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 11/36
0.60 18/24 15/36

0.65 — 10/ 12

0.70 23/24 33/36

0.75 — 12/12

L% (mmoi; kg) 0.538 0.573

95% Confidence (0.492, 0.590) (0.443, 0.708)

interwal

●DMPS or DMSA, 0.80 mmol, kg. was given, i.p, immediatcl) after and 90 min after NaAsq.

TABLE 7. LDm OF

DIM ERCAPTOPROPANESULFONATE IN MICE (20)

DMPS Dead
(mmolsfkg, i.p.) S~d

3.3 0/8
4.0 0,’8

5.0 7/16

5.5 5;8
6.0 7!8

6.6 15/16
7,0 Sjs
9.9 8,’8

LDm (mmois/ kg) 5.22
95% Confidence (4.3s. 5.51)

interval

(10) in Japan. An LDm in exeess of 16.5 mmolsjkg has been reported by
Fnedheim and Corvi ( 12). It is not clear whether this latter higher value is due
to a difference in the mouse st rains used or is due to a higher purity of DMSA.
When rniee were given NaAsOz (O.15 mmol/ kg) S.C.and 10 min later were
treated, i.p., with different amounts of DMPS, the E% was found to be 0.066
mmoI/ kg (Table 9). The R% under these eonditiona for DMSA was 0.065
mrnol/ kg. The therapeutic index for DMPS or DMSA under these cxmditiorts

-:,,
: .....
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TABLE 8. LDW OF MESO-DIMERCAPTOSUCCINIC

ACID IN MICE (20)

DMSA Dead

(mmolsj kg, i.p. ) S~d

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

LDM (mmols,’kg) 13.58
95% Conf@ence (11.36, 15.22)

interval

.-. ...——..

TABLE 9. DETERMINATION OF THE E% AND THERAPEUTIC INDEX
OF 2.3-DIM ERCAPTGI-PROPANE SULFONIC ACID, NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AITER 0.15 mmok NaAa~/kg (20)

Dimercapto DM PS DMSA DMPS DMSA
agent + 10 tin + 10 min + 35 ntirr + 35 min

(mmol\k& Lp.) numkcr surviving;numtrcrstarted
0.010 — 0,’24 — 012
0.015 ()/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 — 10/ 24 — —

O.aio 6/24 13/24 ~8/24 538
0.0675 15/24 — —

0.070 — 9.12 —

0.075 21/24 — — —

* 0.080 — 18;24 — 5; 12

0.090 20/ 24 15{24 310

0.100 — — — 16,’28

0.105 31/36 Mj36 —

0.120 35/36 — M/36 g; 12
0.125 — 21/24 — 13/17
0.150 — — — 21/30

O.IMI — — — 6’8

0.200 — — — 37 46

0.300 — — — 35’38

~::,~;;g) 0.066

::;;-””’ “’ (:% .

o.06t 0.119

_#=+A
‘“’ p.-” (0.071-

interval . . ,: t’ I j:) ~.~) :4’ l.?:>. :,:@.m) 0.164) :

TtSCfa~t~,- ,Y-i’~.) j.. ~“~’! :<; 1 * ‘~”> }~~j’’$~+j’j”-”;~

~~ ;..? ~.j; .?;;,”;:; ;:;- ~ -z09 - ?-+ ~h $6. .,’;~’~ ~.~ II?’:: ~f, ,,.,, ., fi,~~f,y*-... --:.

,.



310 H. V. APOSHIAN

was 79 and 209, respectively. When the DM PS and DMSA was given 35 min
after the NaAs02, 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 DM PS in protecting mice against the lethal
effects of NaAs02 under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsOZ. Neither D-pen nor N-,4c-DL-Pen changes

the LDW of NaAsOz significantly at the 95Yclevel of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithioarbanate, a-mercaptopropi onyl-
glycine, tm-N-acetylhomocysteinethiolactone, and monomercaptosuccinic

acid.

TABLE 10. NEITHER D-PENICILLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LDW OF SODIUM ARSENITE (20)

none t+Pcn* N-.Ac-DL-Pcne

KaAsO> Dead ~ ~
(mmols,’kg. s.c.) S=& Starwd Started

0.10 0/12 0i8 0/8
0.12 2/12 5i8 i/8
0.13 7/12 7/8 5;8
0.14 12/12 gjg 4:8

0.16 12/12 8/8 8;8
0.20 — 8/8 8,’8

L% (mmol kg) 0.127 0.119 0.133
95% Confidcncc (o.080- (0.078- (o.05.t-

imcrval 0.[31) 0.191) 0. 142)

●o-pen or ~- Ac-DL-pcn (0.80 mmots,’ kg) was givcrr. i.p.. immediately following and al 90 min
after the mcra! bmdin8 agenl.

DMPS and Dh#SA Have Anli-Lenisile 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 DM PS and DMSA for their activity in
protecting against the lethal effects of lewisite. The experiments were begun
last March in collaboration with Drs. Brennie Hackiey, Millard Mershon and
Mr. Floyd Brinkley at the BioMed Laboratory at Aberdeen.

Lmvisite is an arsenic containing CW agents. It is an oily liquid at 2(P. It
causesblisters,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, Iewisite (29.7 prnols,’ kg) is injected S.C.The volume
of Iewisite injected usually amounted to between 7 and 11 Kl, depending on the
weight of the animal. Table 11 shows that either DM SA or DM PS will protect
rabbits against the lethal effects of Iewisite. Using lewisite alone, none of the 6
animals survived. lf the animals received 75 pmols DMSA,l 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 ktilte survived; 66% sttmived when receiving the 75 pmols
‘ DM PS/ kg regimen; and m of those receiving BAL survived. We do not
wish to implythat the effectivenessof theseagentsagainstIewkiteis in the
order of DMSA > DMPS > BAL. More data are needed before relative
effectiveness can be stated.

FIG. 2. Chemical formuta for kwisite.

9 TABLE Ii. DMSA OR DMPS WILL PROTECT RABBITS
AGAINST LETHAL EFFECTS OF LEWISITE

7day survival

Exp[. jsmots: kg* survival, start %

I LEWt — 0:6 0

LEW + 75 DMSA 66 100

II LEW + — 1/6 17

LEW + 75 DMPS 4,6 66

LEW + 75 BAL 3/6 50

-n. ‘N agents weregiven s-c. exapt BAL which was @veni-m. ~atatat amountofdimercapto
compour@swercgivcrs●t +1”,++9’, +laO’,t360’after lm@i\eanda.m. and p.m. on day 2and 3.

T29.7pmo& lewiakc/k& Tbesc experiments were ‘p&fosmcd in collaboration with Drs. B.
Hackky, M. Mcs&scm●nd Mr. F. Briokky. : -.

,,
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The data, however, clearly show that DMSA or DM PS 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. lt is deposited and accumulates in most
body tissues. lt 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 (3 I). In the U.S., although the cadmium
content of the human fetus is about 1pg, 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). It is
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 CdC~, DM PS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones e( 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 active in protecting against cadmium lethality. Recent
work by Yoshida et 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.

Clinics/ EJTectiveness in Man
ObviousIy the results of experiments summarized here and e!sewhere

warrant the continued investigation of these metal bhding agents and their
f.,, ..:
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TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION
OF CADMIUM CHLORIDE BUT MULTIPLE LIGAND THERAPY

IS INEFFECTIVE

CdClz Chelator(s)
(mmol/kg)

Cumulative 28day survival 76
Group

(mmol, kg)
(i.p.) (i.m.)

No. surviving; No. started

I 0.06 + (saline) [3/56 23
II 0.06 + 1.0 DMPS 19’20 95

Ill 0.06 + 0.4 DM PS !2;20 60
Iv 0.06 + 0.2 DMPS 6; 30 20
v 0.06 + 0.50 CaNqEDTA 12, 18 67

VI 0.06 + 0.10 CaNqEDTA 8,’20 40
VII O.M + 0.05 CaNq EDTA 4/18 22

Vlll 0.06 + l.ODMPS&
0.50 CaN~EDTA 10/ 10 100

[x 0.06 + 0.40 DMRS &
0.10 CaN~EDTA 2/12 17

x 0.06 + 0.20DMPS&
_--—.. O.JOChNqEDTA 3/12 25

xl 0.06 + ; ‘0.20 DMPS&
0.05 CaN+ EDTA 3/10 30

xii (safk) + 1.00 DMPS 9, 10 90

‘The h. injections were given 60 min after the i.p. injection of Cd.
fThc ons animal that did not survive in this group died on Day 21.Death appeared 10 bc the

rcsuk of fighting.
$Whcn =Iine was given Lp. instead of CdC$ and any of the following wcrr given i.m.

(mmol/kg)thc survival was 100%: DMPS (0.BO) or(O.20): CaN~EDTA (0.50) or(O.05): DMPS
(1.0) & CaN~EDTA (0.$. DMPS (0.20)& CaNa2EDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SUR\’IVAL OF MICE
RECEIVING CADMIUM CHLORIDE (0.06 mmol kg) 1.P.

Tknt ●fter CdC$ that Cumulative 28day survival

* DMPS (1.0 mmol:kg)” No. surviving, No. started
Group was given orally %

(rein)

I –t. –, 1:16 6
II +10, + 90, 10/16 62

Ill +Io, + 90. 1315 Ill
Iv —, + 90, 10, 16 62

The following groups arc
controls and rcceivcd
saline in plact of CdC~

v +10, —, 14/16 88

.-.._ VI”: +10, + w, 16/16 m

- * J., ‘:.; VI! ,..,., ”.,,-, + 90. ,. 16/’16 100



TABLE 14, NEITHER PEN ICI I. I. AMINE NOR ITS ANAI.OGS PROTECT MICE FROM
THE LETHAL EFFECTS OF CADMIUM

CdClz Thiol compound Min after CdC~
Group

Cumulative
(i.p.) (oral) that thiol cmpd, 28-day survival Y@

(mmol/kg) (mmol/ kg)”

I 0.06 + (saline) — 2/32
II

6
0.06 + 1.0 N-At-Pen +10:;2. + 180 1/8

Ill
13

0.06 + 1.0 N-At-Pen +lo. +—, +— 0/8 0
., Iv (saline) + 1.0 N-At-Pen +10, + 90, + 180 8/8

v
100

0,06 + 1.0 D-Pen +10, +90,+ 180 15/ 16
VI

94
0.06 + 1.0 o-Pen +lo. +—. +— 0/u o

Vll 0.06 + 1.0 o-Pen +lo, +90. +— 1/8 12
Vlll (saline) + 1.0 D-Pen +lo, +—. +— 8/8

lx
100

(saline) + 1.0 o-Pen +lo, +90, +— 7/8

x
W

(saline) + I .0 D-Pen +10, + 90, + 180 7/8
xl

88
0.06 + 1.5 N-Ac-thiolisoleuc +10. + 90, + 180 0/8 o

X11 0.06 + 1.0 N-Ac-fhiolisoleuc +10, +90. + 180 3/16 19

‘-%.. X111 (saline) + 1.5 N-Ac-{hirrlisoleuc +10, + 90. + 180 6/8 75
,.. .

“. Xlv 0.06 + 1.0 N-Ac-thiolisoleuc +lo, +—. +— 6/8 75,
xv (saline) + 1.0 Whiolisolcuc

,.,
+lo, +—, +— 3/n 38

!,,: Xvl (saline) + 1.0 &thiolisoleuc +lo. +—. +— 9/9 100

.*.:, ~;,..:,: ; ●Amount given at each stipulated time.
*:: .’:/ ,~”:,

/. .:.,, , ~Thcse results are the sum of 4 separate expcriment~,
. ,.,
,,. ...

;:/ :

‘., .,
,,

:,,
‘t) . . .t’

,,;
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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 r
eventual recovery. DMPS has also been effective in humau arsenic poisoning
(Wager, personal communication). Friedheim et d, (43) in an extension of
experiments with experimental animals have reported the effectiveness of
DMSA in treating lead poisoning and that it increases the urinaty excretion of
lead in smelter workers. DMSA was well tolerated and no signs of toxicity
were evident. The usefulness of DM PS in the Iraqi mercury disaster has been

..- .-.

:,- TABLE15.COMPARISONAND SUMMARY OF SOMEOF THE
- its 1NFORMA’TIONABOUTAND Pf4AR~~L0GKAL PROpERmES~–-.. ,

... i.:,,:m .“;.,’..+, F ... ,: . OF DMPS AND Dk4SA !,,l;. .. ., .

2.3-Dimcluptoproparsc-l+ulfonate, Mcso-2,3dirrscrcaptosrrccinic ●id

Nn salt (DMPS.unithiol dimaval) (DMSA. Succimcr)

1.

2.

3.

&

5.*

6.

7.

8.
9.

Synhcsixcd in 1950-51 ●t the Ukranian
Rcs. Inst. for Hcaltb-Chemistry by
Pctrunkin. Puhfishcd in 1956 (4).

CrystaJtinc powder, readily sohsbk in
water. Very stabk dun ng sterilization
●nd tong+crm storage.

Low toxicity. well tokratcd even for
chronic USC.but DMSA is less toxic (20).
Major toxic effect of high dose is
hypotcnsion (6, S).
D~tribrrtcd in extracellular space,
cxclusivvty( 14). Excretion is urinary and
rapid(14).Metabolic involvement
supposedly norrc.
Effective ●ntidote for As. Hg. Sb, A&
Au. Cu. Cr. Pb. Po. Co, (6, 7, 16, 20,
4W9)

Urinary excretion of Cu and Zn Incrcass
Fe, Co, Mn or Ni excretion, norrc or
minimal (55).
Irrcrcass bile ftow.

L

2.

3.

4.

5.

6.

7.

8.
9.

Fricdtrcirn. 1954, used SbDMSA to
incrcasc Sb uptake in dristosomiasis
therapy (5). (Irstcnskly stsrdicd by
mainfand CMocsc, 1959. for therapy of
occrrpatiortat rtrctal poisoning (I l).
Primary Soviet inv-igator since 1%5
has been Okorsishnikova (50).
Crystalfinc powder. Muss bc brought to
pH >5.5 fseforc compktely sohrble in
water. Stabifity during sterilization ●nd
long term SSoragc unknown.
Toxicity is about 2.5 times kas than
DM PS (20).
Major toxic cfTccsof high d- unknown
●t present.
Distribution in body compartments
unknown as prucrst.

Effcctiw antidote for As, f% Hg. Zn ( !6.
m, 50-54)

Urinary ex-iorr of Co, Fe, Mn. Cu. or
Zm rrorrc or minimat (43).

Effca on bii ffow unknown.
Ttserapeutic - from 0.5 to 2 g for
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documented recently (44). In fact DMPS, as DIM AVAL, is an approved 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 solubleanalogs
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 2,3dimercapto-1 -
propanesulfonic acid and mesodimercapt osuccinic acid. Evidence for their
effectiveness in preventing the lethal effects of sodium arsenite in mia and
Iewisite 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-
DIM ERCAPTO -

PRO PA NE SULFONIC ACID AND
ME SO- DIM ERCAPTOSUCCINIC

ACID

H. VASKEN APOSHIAN

Department of Cellular and Dcvclopmcnral Biology,
U nivcrsit} of Arizona. Tucson, AZ 8572I

.--% 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< obtaining chemical warfare agent, Iewisite. Within a short
time, BAL was shown to be usefulin 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 (l). 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-
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- 19S0s, the chelating properties of two new agents, the sodium

salt of 2,3dimercapto-1 -propanesulfonic acid (DMPS) and mesodimercap-
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

_--~trunkin (4). DMPS is an official drug of the Soviet Union where it is known
Unitfiol. The use of DMSA to increase the uptake of antimony during

schistosomiasis therapy was reported by Friedheim et al, (5) in 1954. For the

301
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TABLE 1. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

1. High toxicity
2. Low therapeutic index
3, Unpleasant side effects
4. Limited water volubility

5. 1nstabili! y in aqueous solution
6. M USI be given by Injcctio.n

WATER SOLUBLE AND ORALLY MTIVE

ANALOGSOF BRITISHWI LESIISITE

HHH
ML—

(BRITISH ANTIIZWISITE)

777. , mm—
(2,3 -DIKRCAPTU-1-PROPANE-

‘- Vf-Vw3’Na SULF~IC ACID, N. SALT)
SSH
H II

UIlliIOL, DIMIVAL— —

;!7;
“o-c-c-c-c-al

II
Ss
HH

W5A—
(NESO-DIK3tCAPlU QKCINIC ACID)

FIG 1 Water soluble and oral]} auwc analo~ of British Anti-Lcwisite.

next 2(I years, many reports about the usefulness of these two dimercapto
compounds appeared in the biomedical literature of [he Soviet Union and
mainland China, A few examples of these are cited (cLI 1). During this time.
studies of these compounds by western investigators appear to be virtuall}
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 DM PS 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, (he 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 Suecimer in the Soviet literature.

In about 1978, Heyl & Co., Berlin, succeeded in synthesizing and producing
DM PS. 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). DM PS is marketed by Hey] & 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 addition to
the physician’s armamentariurn.

The present paper summarizes experiments in this laboratory dealing with
the experimental use of DM PS and DMSA in the treatment of poisonings of
the follotiing kinds: sodium arsenite in mice, kwisite in rabbits and cadmium

- -.’oridc in mice. In addition, a summary of some of the imponant properties

3MPS and DMSA that has been retrieved from the Soviet literature will be
alscussed.

MA TERIALS AND METHODS

Animals. Male mice of the Swiss CD I 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 2S-30 g. Their source of
purchase, their food and conditions for maintaining them have been described
previously (16, 20).

Chemicais. DM PS in the form of its Na salt was a gift of Heyl & Co., Berlin.
Since each molecule of NaDMPS has a molecule of HZO 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).

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.
1t remains in the cell, metabolically-inert and non-toxic. Therefore, it is

_nssible that some metal binding agent might ~ l~e ~ving without increasing
excretion of the metal. This mechanism has been proposed to explain the

.,iectiveness of N-aeetyi-DL-penieilhmline (2 l). For these ~orks we chose, as
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the basis of our initial assays in the present work, the prevention of the lethal
action of NaAs02. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of ‘dAs.

The concentrations of the NaAs02 solutions were prepared so that a 25 g
animal would receive 0.050 ml, To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAsOz, the influence of
the administration, i.p., of that compound on the LDW of NaAs02 was
determined by injecting. s.c., various amounts of NaAsQ dissolvedin 0.9TC
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 I/ 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 othenvise stated.

Siafisrical 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

DJ4PS or DJUSA protects Afire Agairtsl the Lethal Eflects of Sodium Arsenite

Mice injected with 0.14 mmols NaAsO1/ 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 DM SA
are potent antidotes (Table 2) when either agent is given intraperitoneally
immediately afler NaAs07. However, two other well-known and clinically
useful chelating agents, D-penicd]amine and N-aatyl-rx-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 peniciIlamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DM!3A need be given immediately after NaAsOz, 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 prophylactic potential is that

DM PS 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)

.#-

Chclating
agent+ Cumulative 21day survival

( mmoks kg) No. surviving No. staned
i,p. %

(Salirsc)” 0]48 o
0.80 DMPS 32I32 lfM
0.40 DM PS 12/12 lfxr
0.25 DM PS 24/ 24 Itm
0.14 DMPS 21/24 87.5
0.07 DM PS 19;24 79

0.25 BAL 22/ 24 92
0.14 BAL 2/24 8
0.25 DMSA 24I24 100
0.14 DMSA 20/ 24 83
0.07 DMSA 16{24 67
0.P41 GPcrr 0/12 o
.J2S D-Pen 0/12 o

.80 N-Ac-DL-pcn 0/!2 o
&2S N-AC-DL-PCCI 0/12 o

●TkK NaAs02 (O. 14 mmoksj kg) was injcctcd S.C. in the right rear kg.

tm chelating ●gents were ●dministered i.p. immediately after NaAs~.
In this and subscqrscniTables, the da~a represent the combined results of a number of separate

cxpcnnscnts. Thcdata WCrCmmbincd to take advantage of the resulting kargcr number of animals
for the cakubtion of rncdian doss, thcstatisticzd evaluation of data and the morccconomicd usc
of prsbfication space Thus. tfrc reason for the number of animals in some groups differing from
the saumbcr in other groups of the same Tabk is that vco often the combined data arc the rmult of
from 2 to 4 separate cxpcrimcnts in which different numbers of animals were used in each
expcrissscnt. CRhcrwisc. the expcrirracnts were performed urrdcr identical conditions. None of the
mcrqsto eompourrds hated in Tabk 2 arc toxic at the doses used and under the conditions of the
pmt cxpcrimcnts.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE

DELAYED AFTER ARSENIC POISONING (16)

Dithiol and time Cumulative 214ay survival %
after N aAs~*

*
was given No. surviving,’ No. started

(Saline) 0;20 o
0.2S DMPS

at 60 min 16, 19 84
al W min 18, 19 95
at Irnmin [7fm 85

0.25 DMSA
at E41min Is, 19 79
at 90 min 19,20 95
at 120min 11/20 55

●Afl animak rcaiwd NaAs~ (O. 14 mmoks/ kg) S.C in the right rear kg. DMPS and DMSA
~:wrc given i.p. AI the start Jfk cxpcrimcnt, when NaAs~ was given. there were 10 animals in-=

acb group. However. in 3 of the expcrirsrcntal groups. one animal died before DM PS or DMSA
was adrrsinktcrd. lhcrdor-c, those groups wc fiitcd with 19 instead of the 2$3started.
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TABLE 4. PROPHYLACTIC AND ORAL .ACTlt’ITY OF

DMPS OR DMSA (16)

Thiol Cumulative 2 Ida! survival
compound No. surviving No. started

( mmoles, kg)
oral %

Saline 028 0
1.0DMPS” 16 18 89
0.75 DMPS 8 10 80
0.50DMPS 16 m 80
0.25 DM PS 17 20 85
0.12 DMPS o 10 0
1.0 DMSA 88 100
0.50 DktSA 10:10 100
0.25 DMSA 8, 10 80
0.12 DMSA 4/10 40

The NaAsC+ (0.14 mmoles/kg) was ●dministered SC. in the right rear leg DM PS or DMSA
was given orally 15 miss prior to the NaAsq,

●The survival of control animals rceiving [.0 mmoles of DM PS per kg and saline. ins!cad of

NaAs~, was 100%j.

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-acetyl-tx-penici! larnine are without beneficial properties
against the lethal effects of arsenic under the conditions used in these
experiments. Although to our knowledge, arsenic chelate stability constan Ls
have not been determined for DM PS 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 LDWof NaAsO: in
mice. In addition, the therapeutic index of DMPS and DMS,4 has been
determined.

DMPS or DMSA increases tht=LDW of NaAsO,
The LDWof subcutaneously administered \aAsOz was found to be O 132

and 0.127 mmolj kg in 2 separate experiments. When the dala of the 2
experiments were combined and used to determine the LW, it was found 10 be
0.129 mmolj kg (Table 5). The curve is remarkably steep, having a s!ope 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. LDW OF SODIUM ARSENITE IN THE MOUSE (20)

NaAsO1 Exp. I Exp. 2 Summation
(mmoi/ kg. s.c. ) Dead Dead Dead

S=d S=d S=d

0.08
0.09
0.10
0.11
0.12
0.13
0.14
0.16

0/8

();8

0,’8
0/8

[;8

3/8
7/8
—

—
—

0/12
—
2/12
7/12

12/12
12/12

08
08

0, 20
0,8

320
10, 20
19, 10

12 12

L% [mmo]/kg) 0.1315 0.1274 0.1290
9% cossfktets& (o. 122,0.260) (0.080,0. I 31 ) (O. 125.0. 139)

intcrvat

—-.?ne way of quantbting the activity of a drug in overcoming the toxicity of.—-
agent is to determine how much the LD~ of the toxic agent is increased by

giving more of the potential therapeutic drug. That is, t he toxicit y of the toxic

agent should decrease by giving the therapeutic agent. When 2 i.p. injections
of DM PS (0.80 mmols DMPS/ kg/ injeetion) are given, one immediately
foUowirtg and the other 90 min after the NaAs02, the LDWof NaAsOz is
increasd approximately 4.2-fold to 0.538 mmol~ kg (Table 6). Urider the same
conditions, but using DMSA instead of DMPS, the L% of NaAsOz 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 LDMof
NaAs02 plus DM PS falls within the confidence interval of the LDMof NaAsOz
plus DMSA, it appears that the effect of DM PS and DMSA on the LDMof

NaAsOz is essentially the same under these experimental conditions.

Deterrnhation of l%erapeutic 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 LDMof the
dimereapto compound by its EDM.The latter value is defined as [he amount of
dimercapto compound (mmol; kg) protecting 5W0 of the animals against the
lethal effects of 0.15 mmol NaAsOz/ kg. The latter dose kills IW of the
animals in this laboratory.

The L% of DMPS, when given i.p., was found to be5.22 mmols kg(Table
7). This value is comparable to tbe value of 5.57 mmols/kg obtained by
Knstygov (9) and 5.02 mmols/ kg, i.p., in ram as reported recently by Planas-

~= .Ime’et d. (27). For DMSA, the ~ is 13.58 mmols/ kg (Table 8). It
rnparesfavorably with 12.1 mmols/ kg, i.p., found in mice by Shih-Chun ef

w (11) in Shanghai and Peking and 14.0 mmols/ kg determined by Matsuda
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TABLE6. DIMERCAPTO-I-PROPANE SULFONATEOR
MESO-DIMERCAPTOS UCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITE” (20)

DMPS DMSA
NaAs~

(mmoljkg SC.)
No, Dead

No. Starwd

No, Dead

No. Started

0.35 0; 12 2,124
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 11/36
0.60 18/24 15/36
0.65 — 10/12
o.m 23I24 33/36

0.75 — [2:12

L% ( mmol, kg) 0.538 0.573
95% Confidcnw (0.492, 0.590) (0.443. 0.708)

intcmal

●DM PS or DMSA, 0.80 mmol, kg. was given. i.p. immcdia!cl} after and 90 min after NaAsQ.

TABLE 7. LDW OF

DIM ERCAPTOPROPAh’ESULFONATE IN MICE (20)

DMPS Dead
(mmols [kg. i.p.) S=d

3.3
4.0

5.0

5.5
6.0
6.6
7.0
9.9

0,/8
O ‘8
7/16

5,’8
7 ‘8

15/16
8!8
88

LDW (mmols kg) 5.22

95% Con fidcncf (4,35. 5,51)

mrerval

( 10) in Japan. An LDWin excess of 16.5 mmolsj kg has been reported by
Fnedheim and Corvi ( 12). It is not clear whether this latter higher value is due
to a difference inthemouse strainsusedorisdue to a higher purity of DMSA.
When mice were given NaAsOz (O.15 mmol~ kg) s.c. and 10 min later were
treated, i.p., with different amounts of DM PS, the EDM was found to be 0.066
mmoI/ kg (Table 9). The E% 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. LDW OF MESO-DIMERCAPTOSUCCINIC
ACID IN MICE (20)

DMSA Dead
(mmols: kg, i,p. ) S~d

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

LDM (mmols’ kg) 13.58
95% Confdencc ([1.36. 15.22)

interval

ri.
TABLE 9. DETERMINATION OF THE EDm AND THERAPEUTIC INDEX

OF 2.3-DIMERCAPTO-I -PROPANE SULFONIC ACID. NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AFTER 0.15 mmok NaAs~\kg (20)

Dimcrcapto DMPS DMSA DMPS DMSA
agent + 10min + 10 ruin + 35 tin + 35 min

(mmol! kg. i.p.) number surviving,’ number started

0.010 0, 24 — o 12
0.015 0/36 — 3i36 —

0.030 i/’36 5,24 7/36 1, X-J
0.040 6; 24 —

0.045 6/24 — 8.24
0.050 10’24 —

0.060 6/24 13/24 18/24 5/~

0.0675 15:24 — — —

0.070 9 12 —

0.075 21,/24

* 0.080 — lg:24 — 5, 12

0.090 30;24 — 15/24 310
0. Km — — — 16 28

0.105 31/36 — ~i~ —

0.120 35/36 — 34’36 8;12

0.125 21;24 — 13/17

0.150 — — 21/30

O.IMI — — 6’8

0.200 — — 3746

0.300 — — 35 38

~~(fn~g) 0.061(:%% 0.119
““ (w% (o.s34$- (o.071-

.-. interval 0.072) ? ~ ,!, o.=) ‘. , . f,o-~) 0.164)

Thcnpcuti$ .,. - ! ~ , : ;“,-; ~ :,: :*:J ‘L” ‘: >, 2j;#=,<:li/ “ f

inde~ 79 20?
,’, ,., .. ’.,.

86 ,, 115,,,-, . . -. ‘:, ,,,?. . +,. .,, J~;ciJ.’.- .-

. ..”

,, ,.,. ;.,.: .,:,
,;, . ;’

.,, ., ,’.
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was 79 and 209, respectively. When the DMPS and DMSA was given 35 min
after the NaAsOz, the therapeutic index was found to be 86 and 115,

respecti~ely. As can be seen under these conditions, DMSA can be considered
m be a more effective agent than DM PS in protecting mice against the lethal
effects of NaAsOz under these conditions.

OLher metal binding agents were also tested for their activity in protecting
againsl the lethal effects of NaAsOz. Neither D-pen nor ~-Ac-DL-Pen changes

the LDW of NaAsOz significantly at the 959c level of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
mpect are the sodium salt of diethyldithioca rbanate, u-mercaptopropi onyl-
glycine, DL-N-acetylhomocysteinethiolactone, and monomercaptosuccinic
acid.

TABLE 10. NEITHER L3-PENICILLAMINE NORN-ACETYL-DL-
PENICILLAMINEINCREASEDTHE LDWOF SODIUMARSENITE(20)

none bPen* N-Ac-DL-Pen”

NaAs~ &ad Dead ~
(mmots:kg, s.c.) s= SKd starlcd

0.10 o/J2 0(8 0:8
0.12 2/12 58 I/8
0.13 7/12 7i8 5/8
0.14 12/12 8’8 4,8
0.16 12/12 6;8 8!’8
0.20 — 8;8 88

I+ (mmolkg) 0.127 0.119 0.133
95%Confidenm (o.080- (0.078- (o.os4-

mlcrval 0.131) 0.191) 0.142)

●D+CrIor N-Ac-rx-p+n(0.80mmoh,’kg)wasgiven.i.p,,imsrscdia[ely[ollowingandat 90m~n
after the mcsal bmdmg a8cnt.

DM PS and DMSA Have Anti- 12wtiile Activiry
The name British Anti-hwisite 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 effeas 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 2(Y’.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 Figure2.

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 ~mols,( kg) is injected S.C,The volume
of Iewisite injected usually amounted to between 7 and I I PI, depending on the
weight of the animal. Table 1I shows that either DMSA or DM PS will protect
rabbits against the lethal effects of lewishe. Using Iewisite alone, none of the 6
animals survived. If the animals received 75 pmols DMSA,l kg at the times
indicated, all of the animals survived. DMSA protects against the lethal
systemic effects of Iewisite. In the second experiment, only i of 6 animals
receiving kwiahe survived; w survived when receiving the 75 pmois

.~lDMPS/ kg regimen; and SO%of those receiving BAL sumived. We do not
wish to imply that the effectiveness of these agents against Iewisite is in the
order of DMSA > DM PS > BAL. More data are needed before relative
effectiveness can be stated.

-~ - AmoNmta Uca.amf

FIG. 2. Chemicalformutafor kwisitc

* TABLE I 1. DMSA OR DMPS WJLLPROTECTRABBITS
AGAINSTLETHALEFFECTSOF LEW’[SITE

7day survival
ExpK. pmob kg* survival slarl %

1 LEW+ — 0,6 0
LEW + 75 DMSA 66 100

11 LEW + — lb ]7

LEW + 75 DMPS 4,6 66
LEW + 75 BAL 3/6 54)

‘AU agcn!sweregkwcoS.C.exceptBA~ which wasgkn i.~ The stated amount ofdimercqxo
,nwm*As mm@mat+l'. W,+lW, +W~*ti M&m. adp. montiy2ati3.

?~.7pmots lewisitc/ kg These expcnmcnta were performed in collaboration wilh Drs. B.
Hackky. M. McRhoa ●nd Mr. F. Brbkky.

., :,,..,

:,fig,:
. .
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The data, however, clearly show that DMSA or DM PS will protect rabbhs
against the let hal effects of Iewishe. 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 stud y of cadmium biology has been stimulated by the debilitating
osteoporosis of ltai-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 incidenu 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 1 pg the body burden increases
approximately 30,M0-fold (to about 30 mg) by age SOyears (32).

in experimental acute cadmium poisoning, DTPA or EDTA are marginally
effective (30, 33-37) and dhnereaptopropanol is contraindicated (37-39). Jt is
astonishing that no accepted dependable effective drugs have become
available for treatment of cadmium intoxication, especially sinct the
biological effects of cadmium have been studied intensively during the last 20
yearn. Thus a number of research groups have been involved recently in a
search for an agent to treat admiurn intoxication (18, 30, 41).

1 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. DM PS protects mice against the let ha] action of
cadmium chloride (Tables 12, 13 and 14). Multiple Iigand therapy, however,
involving CdC~, DM PS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones et al. (18).

in Table 14 are summarized the results with pcnicillamine and its analogs.
Under the conditions of these experiments neither penicillamine nor any of its
ana~ogs so tested were activt in protecting against cadmium lethality. Recent
work by Yoshida et 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.

CiinicaI Effectiveness in Man
Obviously the results of experiments summarized here and elsewhere

warrant the continued investigation of these metal b~nding agents and their
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TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION

OF CADMIUM CHLORIDE BUT MULTIPLE LIGAND THERAPY
IS INEFFECTIVE

CdC12 Chelator(s)
(mmolikg) (mrnol kg)

Cumulative 28-day sumival ~
Group

(i.p.) (i.m.)
No. surviving, No. stanccl

I 0.06 i- (salinc) 13,56 23
it 0.06 + 1.0DMPS 19 20 95

Ill 0.06 + 0.4 DMPS 12:20 60
IV 0.06 + 0.2 DMPS 6; 30 20
v O.(M + 0.50 CaNqEDTA 12; 18

VI
67

0.06 + 0.10 CaNqEDTA 8’20 40
VII O.(M + 0.05 CaNqEDTA 4 18 22

Vlll 0.06 + l.ODMPS&
0.50 CaN4EDTA 10/ 10

lx
100

0.06 + 0.40 DMPS &
0.10 CaN~EDTA 2/12

x
17

0.06 + 0.20 DMPS &
..

-, ,0. JO CaN~EDTA
—_

3/12 25
xl 0.06 + 0.20 DMPS &

0.05 CaN+EDTA 3/10 30
X11 (Safk) + 1.00 DMPS 9, 10 90

‘The i.m. injections were given @ min ●fter the i.p. injection of Cd.
fllss orK animal that did not survive in this group died on Day 21. Death appeared to bc Itac

mull of F@ing.
$Whcn saline was given Lp, instead of CdC$ ●nd any of the following were given i.m.

(mmol/kg) Ihc survival was Iu: DMPS (0.BO) or(O.20):CaN~EDTA (0.50) or (0.05), DMPS
(1.0) & CaN~EDTA (0,5): DMPS (0.20) & CaNalEDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SUR\’IVAL OF MICE

RECEIVING CADMIUM CHLORIDE (0.06 mmol kg) I P

Tknc ●fwr CdC’$ that Cumuimivc 2&day sumival

* DMPS (1.0 mrrsol ‘kg)* No surviving No. starraf
Group was given orally %

(tin)

I –t. –. I 16 6
II +10, + 90. 10 16

Ill
62

+[0, + 90, 13 15 87
Iv —,+ 90. 10 16 62

Tfac following groups arc
controls and raeivcd
saline in place of CdC$

v +10, —, 14/ 16 88
VI +10. + 90. 16:16 100

__—_ ,. , ,: VII ,—, + 90, 16/16 100
_— ‘m, -

&“* dDMPS’givca u each tirasc-
,. . .. !]f DMPS was aoI adsoioistcr~ sabe was giwn in its pftscc.
.,..-., ./ .,., .,,... , .,.
‘. ,<i. .w- Al,,,:;,.,, ! ~i ,; ,.. . ,:>t
t ., ,7.: . ,,.:-.. : ‘..--!’”. ‘:, .,. ,,.::~

,:.: ..,-
% .!.;.:., .-. + .> <l’,:. <”.:;..;. !: .::.~i <.,.;,, >,:,% +. $; .,!... , .,. ! . ‘. ..,,$. ;“ }.’::.’.; .,, ,-, :,”“:t.../... ..

. ... ,..,.,---_,
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TAfll, F 14, NFITHER PFNICI1 I. AMINF NOR ITS ANAI.OGS PROTECT MICE FROM
THE I, El}{ Al.EFFECTS OF CADMIUM

CdC12 “Thiol compound

Group
Min after CdC~

(i. p.)
Cumulative

(oral) !hat thtol cmpd, 28-day survival Vn
(mmol/ kg) (mmoi/ kg)*

I 0.06 + (saline) — 2/32
II

6
0.06 + 1,0N-At-Pen + 10:; ~, + 180 1/8

Ill
13

0.06 + 1.() N-At-Pen +lr). +-, +— o/u
Iv

0
(saline) + t.(J N-At-Pen +10, + 90, + 180 8/S

v
100

O.ori + 1.0D-Pen +10. + 90, + 180 15/ 16
VI

94
0.06 + I,o D-%1 +10. +—. + — 0/n o

Vll 0.06 + 1.0 &Pcrr +lo,+90.+- 1/8 12
Vlll (saline) + 1.0 o-Pen +lo. +—. +— 8/8

lx
I00

(saline) + 1.0 o-Pen +10. + 90, + - 7/8

x
88

(saline) + 1.0 D-%1 +10. + 90.+ 180 7/8
xl

IN!
0.06 + 1,5 N-Ac-thioiisoleuc +10. + 90,+ 180 Oln o

X11 006 + 1.0 N-Ac-thioliwlcuc +10. + 90. + 180 3/ Ifs 19
X111 (saline) + 1,5 N-Ac-thiolisrrletsc +10. •1- 90. + 180 6/8 75

Xlv 0.06 + 1.0 N-Ac-thioltsolcuc +lo4+—. +— 6/u 75

xv (saline) + 1.() 13-thiolisoleuc +lo. i- —.+— 3/n M
Xvl (saline) + 1.0 13-thiolisoleuc +lo. -t-. +— 9/9 100

,: ●Amount given at each stipulated time.
TThesc rewlts are !hc sum O( 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 i
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 effectiveness of
DMSA in treating lead poisoning and that it increases the urinary excretion of
lead in smelter workers. DM SA was well tolerated and no signs of toxicit y
were evident. The usefulness of DM PS in the Iraqi mercury disaster has been

TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE
, ;;: [NFORMATlON A~UT AND PHARMMXX,OQJCAL PROPERTfES

-*: ,>:,, !n ,“, ,,, .>, . ., , OF DMPS AND DMSA , . . . . . . . .

.3-Dimcmaptopropa* 14ulfonale, Mcso-2J4srcreaWosuc&ric ●cict
Na salt (DMPS. unithiol dimaval) (DMSA Stimcr)

1.

2.

3.

a.

5.$

6.

7.

8.
9.

Synthesizedin 195CS-51●t the Ukranian
Rcs. Inst. for Health-chemistry by
Pctrunkin. Pubkishcd in 1956 (4).

CrystatIirrc powder, readily solubk in
water. Very ctabk during sterilization

●nd Icmg-term stomgc.

Low toxicity. well tokmtcd even for

chronic USC,but DMSA is less toxic (20).
Major toxic ek%ct of hi@ dose is
hypotcrrsioo (6, 8).
Distributed in cxtmccllular space,
exctwsivcty ( 14). Excretion is urinary and

mpid (14). Metabolic involvement
supposedly nonr.
Effective antidote for As, H% Sb, Ag,
Au. CU. Cr. Pb. Po, Co, (6. 7, 16, 20,
4549)
Urinary cxcrctiorr of Cu and Zm Increase
Fe. Co, Mn or Ni excretion, rrorrc or

minimal (55).
Increase bile ftow.
Thcmpmtic dose ●bout 250 mz for

1.

z

3.

4.

5.

6.

7.

8.
9.
. ..1

Fricdhcim, 1954, used SbDMSA to
irrcrcasc Sb uptake in schistoaomiasis
thcmpy (5). (lrrtcnsivcty studied by
mainland Clsincsc, 1959, for therapy of
occrrpatioriat rmtal poisoning ( I l).
Primary Soviet investigator since 1965
has been Okooishnikova (50}
CrystattirK powder. Must & brought to
pH $5.5 bcfosc compktcly solubtc in
water. Stabitity during sterilization and

long term stomgc unknown
Toxicity is aboot 2.5 times kss than
DMPS (20).
Major toxic C?TCCIof high dose unknown
at pmscot.

Diatributim m body compartments
unknown ●t present.

Eff-in antidote for As. Pb. Hg. Zn ( 16,
m, 50-54)

Urinary excretion of Co. Fe, Mn. Cu. or
Zn none or mioiad (43).

Effect on bii fkow unknown.
Tbcrapcwtk kc from 0.5 to 2 R for
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documented recently (44). In fact DM PS, as Dl MAVAL, is an approved 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 replac% 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 2,3dimercapto-1 -
propanesulfonie acid and mesodimereaptostmcinie acid. Evidetwc for their
effectiveness in preventing the lethal effeets 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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I’!+S MATERIAL MAY $3E PROTECTED BY
COPYN8HT LAW (TITLE 17, U.S.CO13E)

ANI’I-LWISITEKITvITYAND STABILITYOF MESGD~INIC
Km m 2,3-D~l-pmP~Ic ACID
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&so—dmE‘ rcaptosucrinicacid (DISA)and the .saliumsalt of
2,3- &rcapto-1-propanesulfonic acid (Ix@S) are analopus in
chsmi=l structure to dimercaprol (ML, BritishAnti-Lewisite).
Dimrcaprol was anmg the first tkraputimlly usefulnrxal
chd.stingagents and was ckvelqed originallyas an
anti-krisite agmt. Either LXGA or EMPS protectsratbitsfrun
the lethal systemic action of dichloro (2-chlorovinyl)arsine
(29.7@ls/kg, also known as lwisite. ‘l& analogsare active
in this respxt whm given either sc or P. ‘l%e s~ility of

eachofthe three ti—ml’pmda in distilled H O, @i 7.0
at 24°,has been examinedfor seven days. !3SA re& 82% of
its mmapto grcups,but no titratablemrcapto grwps remaimd
in the MM or PALsoluticm. At pll 5.0, however,therewas m
strikingdifferencein the stabilityof the three di.mrcapto
mqxunds (78-87%)over a seven day pericd. llSA and ~
warrent furtherinvestigationas water solublemetal binding
agentsin both h vim and in vitro eqe.rinmts.

BritishAnti-La’isiti(W, dimrqxol) was developedin the 1940’sas
an antidoteto dichloro-(2-chlomvinyl)-arsine, ccmmnly called lewisite
(1,2). ‘I& lethalactionof kwisite is believedto b5 the resultof its
cufbiningwith me or mre sulfhydql grcups and thus inactivatingessential
sulfhydryl-ml~ erlzyn-es (3) . It is the arsenic in the lewisitemlecule
that reactswith sulfhydrylrmieties.

Atthetimofitsti~ “on into clinicalIredicine,BAL was
consideredby my to & & lcw sought,universalantidctefor heavy retil
poisming. In Subsequmt yeux , hm+ever, less toxic and mre spcif ic n-etal
binding agentshave ken smght and investigate. Saw have ret the criteria
and stmdards necessaryfor clinicaluse. Others have not. Fbr exanple,BAL
glumside was introduced(4)as a result of a search for water solublead
less toxic analcgsof ML. Altlxqh it was found to lx less toxic than BAL
for iv use, (probablylxwauseof its lW lipid solubili~), it did not &care
estxiblishedas a clinicalagmt becawe it is unstableckrnically. Other
cmpwnds, which are less analcqms in Cknrimd structure,have replacd BAL

_—= for scm of its nvre qecific ~apeutic uses. Ibr exaqle, _cilknnine
isusedto ucbiliseardiwrease the excretionof ~ in Oatimts with
Wilsm’s Di~
antiti (6,7).
the mtn=nt of

(5). Its W-acetyl derivative is ef%&tive k a mrcury
BAL1-aSr’emzbd , krxww, the drug of &ice in the U.S. for
arsenic ~iscming.
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MxzAimr captosuccinicacid (~) (8) ad the sodiun salt of
2,3-dimwcap@l-propanesulfonic acid (IY@S) (9)are pranisingreplacemn
for W. l%eseccqmunds arever similarinchemi.calstructureto BALS
=e scmtims referredto as water solubleand/or orally-effectin analcqsof
EAL. To cur tikdge, tmever, the anti-lswisiteactivityof these tkm
@rtant chemicalanalogshas not keen determined. Neither are any pbli~
data availableconcs2rninqthe stabilityof aqueous solutias of these
CiiiTercaptoCcqCurlds. Evidencefor the anti-Lewisiteactivityand stability
of = and lXSA are presentedin this paper.

Materialsand Methods

Male &w Zealandwhite stock rabbitsweighing 2.5-3.5kg were WCW
fran tmtchlandLaboratoriesInc.,Denver,PA and DavidsonMill Farmr
Joneshrg, W and caged hdividually. Feed (FurinaW&it Chw Brand 5322)
and water were availablead libitumexcept in the case of W= aninalswho
receivedtherapyorally.‘~~eceiving therapypo we fasted fran 16 hrs
prior to tk first atiistration to 1 hr after the last administration cm day
one . Cmdays tw and three, animals were fasted fran 1 hr prior to the
nmrning administrationto 1 hr after the eveniriqac%ninistratim,approximtely
7 kalrs.

When dithioltherapywas given sc, the aninds wre anesthetizedfifteem
minutesbefore ks+isiteadrninistrationby administeringim 0.50 ml of
anestheticsolutionper kg. The animals-e anesthetizedto reducethe pain
-A to be CaU.S.@by lflwisite.subsequently,it was ob~ that Either
pain nor discnnfortwas agent. lhus, anesthesiawas not used in the
experinmts when dithiolswere given P. The anestheticsolutionwas prepared
by mixing 5 parts rce~ HC1 (100ny/mL) and 1 part of Xylazine (100 mghl).

A 5 ml GilSon Pi@mm was used to give the dithiolsby nrnth. ‘I&
rabbitwas placed in a short restraining box. ‘lheboxwasplacedcm its emi
sotbtthe rakbitwas in avertical pxitiawith itshead at the tcp. The
Pi~- was filledwith the desiredvoh.me of the drug soluticn. W plastic
tip was gently insertedbetweenthe lips at one Corner of the Rcuth and the
liquiddeliveredslowly into the back of the rabbit’snmuth. ‘lhismethod did
not ~ to cause any traumaor injury. It was easier and fasterto perfo?nn
than the use of polyethylenestcxmchtutes.

WD4PS was a gift of Heyl and Co., Perlin. Since each noleculehas a
nmlecule of H20 a.sscciatd with it, a nmlecular weight of 228.2 was used in
calculations. H was a gift of Johnsonand Johnscm, Skillmn, N.J. Both
ccqxunds were ptwmacxwtical gra& ~ity. ~ ad B wre titratedwith
icdine in order to neasurepurity and m.rcapto mntent. ~ this criterion,
each pre~ation was judgd to be greater than 99% We. The ccmpunds when
given by mouth were dissolvedin water. In order to dissolveEMSA, the
aqueous su~sion was adjustedto pH 5.5 wLth NaOH. When given sc, the
solutionswere preparedthe saneway except t-tatthe ~s were dissolved
in 0.9% Nacl-5% NaHcO .

2
Unlessotherwisestated, the concentrationsof IMPS

or IXW+ were such tha the ratbitreceived1.0 nilof solutionper kg of bcdy
weight, w administration. Dimrcaprol Injection,USP (IYW.h Oil I@ules)
was a gift of Hynson,Weswtt & Eunning,E?altinrme,M).

Lewisitewas 97-99.6%pure as judgedby N4R-spectroscqy as well as by
icdine titration. Analysisby the formr methcd also indicatedthat the forms
of lwisite that were presentwere trans (97.7%), cis (1.7%) and hrs
(0.5%) . kwisite is a hazardcusmaterialwith which to wrk since it is a
ptent vesicant. All handlimgof l~site was done in an extrendy well



vol. 31. No. 19, 1982 BAL Analogs

TARE I

‘l%eAnti-kwisite Activityof Wso-Dimr?rQtosuccfiic Pcid and
2,3,-Dimrcapto-l-Prcpanesulfonatewhen given sc to rakbits

unu)ls/kg suvive/starta % sumival

1 & + ------- 1/18 6
2 IXW + 75.0 DEiAc 12/12 100
3 IW + 37.5 DMSA 6/6 100
4 LIEW + 20.0 LY?S.A 6/6 100
5 IE4 + 10.0 lY4SA 1/6 17

---- ---- ---- ---- ---- ---- ---- ----
6 I.W + 75.0 114Psc 10/12 83
7 w + 37.5 EY4PS 5/6 83

----- ----- ----- ----- ----- ----- --

8 w + 75.0 14uc 8/12 67
9 IW + 37.5 EN! 3/6 50

a In the tables of this papx, the dati representthe
cabined resultsof a ntnrber of separate -tits. ‘IYris
was tine b save space. The reason for the nunberof animals
in scm grcups differingfrcxnths nmber in other grmps of
thesamtable isthat very often theccmbindd ataa rethe
resultof fran 2-3 separateexperiments. otherwise,*
eqerinents were performedurxieridenticalcrmditions. ‘I&
survivalrecordedin this table is that for 7 days afber
lewisiteadministration.

b
@wisite (29.7wmls/kg) was givm sc at tfi zero.

c All agents given sc except W, which was gi~ im.
Dimrcapto omqxmds given at +1 rein,+90 rein,+180 rein,
+360 min after lewisiteand at 8 a.m. and 4 p.m. on day 2
and 3. Administrationof these arrcuntsof Climrmpti
mqxund at the tires cited above did not cause any
fatalitiesin ccmtrolanimalsthat did not receivel~isiti
(datanot *).

d Pairwise ~isons: p < 0.0001 for 1 vs 2; p = 0.0001
forlvs3and lvs4; p< 0.001 forlvs6andlvs7; p=
0.001 for 1 vs 8 and 0.01 for 1 vs 9.

2151

valted Chmical exhaustheed. Safetyglassesand thick necprme gloveswere
worn.

..=—.= ‘1’h2 stabilityof ~, DISA or BAL was determind using iobretric
titraticm. ‘Ib2.50 ml of a 0.10 M ~to soluticm,10 drcps of starch
ticatir =lution were added. ‘lW slution was titratedUS@ 0.025N icxlime
=luticm until the blue cnlor ~ and ~is&d for at lmt 10 sec.
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F&milts

Anti-Lewisi&2Activity

TIE data of Table 1 clearlyslxM that kmth ~ and J2fPShave
anti-lewisiteactivitywhen given sukutaneously.AS littleas 20~ls/EWA/kg
administeredW, accordingto the statedregimn, protectsagainst the lethal
actionsof lewisite. Thus, CWA and Dil?3are analcgousto BAL not only in

cknical structurebut also with respectto anti-lwisite activity. II-I
atkiition,CMSA and IMPS have anti-le.+isiteactivitywhen gim orally (Table
2).

TABLE II

Wso-DinercaptosuccinicAcid or 2,3-DimrqXo-l-Prqam?sulfomti
is effective,when given by KOUth, in protectingrabbits

againstthe lethaleifectsof kwisite

Gmlp Wlsfkg survive/start % survival

1 Id + ------- 0/12 0
2LmJ + 400 + 5/6 83
31.W + 200

%

4}6 67
4r.Jw + 400 6/6 100
5LEM + 200 IMP 4/6 67

----- ----- ----- ----- ----- ----- ---
6LEM+ ------- 1/6 17
7LDi+wSAc 4/6 67
8LJW+CMPSC 1/6 17

a Lewisite (29.7wmls/kg) was given sc at time zero.

b
Dhrcapto ~s giwm w at -45, -2, +90 and +300 min.

after l-isite and 8 a.m. and 4 p.m. on day 2 and 3. W
fatalitiesoccurredin controlanimalsthat receivedthese ancunt
of dinercaptocxmpund, p, (butno lwisite) at * tires cibsd
akove. Survivalwas follcwedand recordedfor 7 days after
laisite administration.

c Dimrcapto ccnpunds given P as follcws:400wn31sof
di.m?rcaptoccqmund /kg at 5 min &fore lewisite,and 200@ls/kg
at each of the follm+ingtimes after ltisite: 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-wiseCcqa.rimn: p = 0.001 for 1 vs 2; p = 0.01 for 1

vs 3; p < 0.001 for 1 vs 4 andp= 0.01 for 1 vs 5

Pi?ditiomlstudieshave demrmstratedthat a singlePO administrationof
lXSA (400unmles/kg)15 min prior to lewisitewas ineffectivesince only 1 of
6 animalssurvivedfor 7 days. ~ the experimentsof Table 1 and 2, mst of
the rabbitsthat receivedlewisiteand no dimercapm therapydied within 12
hrs. If animalsdied after receivinglewisiteplus dimmnpto therapy,they
usuallydied betweenthe firstand fifthday of the experinmt.

—..---
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StabilityStudies

The stabilitiesof
were examined (Fig1).

BAL Analogs 2153

I14SA,tWSand BALin O.lOMsolutions at@15.O and 7.0
l’?lemrcaptog?mupsoftheseaxqmuds, inaqusuls

solutionsat pH 5.0, are stable (Fig1). Even afer 7 days at rom -
temperature,frcm 78 to 87% of the m?rcaptogroups r-h titratable. At pH
7.0, hwever, the greaterstabilityof EMSA is evidentwith 82% of tine
rrercaptogroups r~ining after 7 days.

r

*

FIG. 1

Stabilityof LY4SA,114PSandBALatpH 5.Oor 7.0.
solutionsof each cqxmnd were prepard, adjuslx?dtopH 5.0 or 7.0
andtoaffil ~trationof O.10nmrWml. Solutionswere
preparedusing doubl-stilled H O and maintiind at 24°.
Aliquotswere rerovedat indicad &s and the mrq?ti mat
determind. &ch value .sbwn is the averageof tw separate
titrations.

Bythis* andunder theSeCOfitiOns noneofthe~ g-rcxlpsof
LY4FSor BAL remained. Other studies (datanot stmm) indicatedthat llEiA,in
a solutionof 5% NalK13 whm eitkr frozemfor 4 days or frozenand thawed
each day for 4 days re?Ained82% of its originalrrercaptogrmps. If similar
solutionswere held at 4° or 24” for 4 days, Lt4SAretaind 76% ard 69% of its
m?rcaptogralps, respectively. Altlrugbsolutionsof tYfPSin 5% NaHCD were
stable (92-95%of original)when either frozen,or frozenand thawed ~ch day
for 7 days, aftir three days at ram ~ature no titratable~ ~

~ were widmt.

Discussion

Extensiveclinial eqerience with MSA and = as antitbtesand
prmphylact.icsfor msmxry, lead,arsenicandothEXheavymws has been

II
.
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rqrtedintietand ‘nwnlandtise literature (10,11,12,13).In the
Soviet Wicn, KFIPShas been for many years an officialdrug called Unithiol.
Recently,there has been a great deal of interestin both of thesewater
solublecknical analcgsof dimrcaprol in the united Statesand abroad
(14,15,16,17,18).This has resulted in the mnfirmation and ~ion
(19,20,21,22)of earlier rqmrts dealing with both the basic and clinical
investigaticmsof m and rlWS..

Altkmgh dimrcaprol is a nane relativelyeasily identifiedh the field
of ther~utics, W ~ is kmwn nest ccnnmnlyin other areas as British
Anti-Laisite. It seemii reascmableto _ that a trw analcqagonist
might also have Anti-&isite Activity.

The presentexperimentsclearly s- that either Ct4SAor WPS will
protect rakbitsagainst the lethal systmic effectsof subcutaneously
administeredl~site (Table1 and 2). Therefore,D4SA and LX4PScan be
cmsidered to b not cm.lyanalogousin chenica.1structurebut also in
anti-lewisiteactivity. Xn addition,~ and IMPS are efftive when given
bynrxkh; arcutemtreamwdd for BAL at$ninistration.

The dose sckdule for administeringtX4SAand LMPS was based on a three day
reg- reanmmkd in the literaturefor the use of thesemtal binding
agents. Subquent studies (Apshian, un@liskd) hve denunstratsdthat as
littleas one dose of 40 @is/kg of eitkr drug givsm in one minute after
ltisite will result in the sumival of 4 at of 6 rakbits. In additionwhen
DBiSAtherapyis &layed until 90 min after k+isite, 6 of 6 rakbits,survived.
The -Se of these studieswas to determinewhether D4SA or LX@S have
anti-lewisiteactivity. No attenpthas & made to quantitatetheir relative
efficacyagainst l~site.

Not only are these analogs crystalline and readilywater soluble,they
are less tnxic than ML. T& results of a nun@r of differentinvestigaticms
in rockntsMve led to & conclusionthat tk acute toxicityof IliSAis less
than that of DIPS which is - less than that of W (19.23.24.25).

The stabilitystudies (Fig 1) were initiatedfor two reasons. t%ny
investigatorsbelieve that LWSA and LNIPSare unstile becauseof tkir
dimercaptostructure. Sime solutionsof these ccqmnds were being used
thmugkut the day, for exanple see Table 1 and 2, it has M considered
necessaryby a numberof investigators(17,20)to preparesolutions
immediatelybefore use. The stabilityof solutionsof *se tthwrcapto

~ is scmewhatsurprisingsince nercapto ~ are USUallY tkmught

to be readily oxidized.

In additionto mny older reprts in the Sovietand Chirieseliterature
(10,12,26)&al@ with lXPS and CY4SAin human therapy,such use has keen
strengtknd by recentpapers containingdata fran clinicalinvestigateions.
For -le, Ct4SAhas keen used recently in the treatxentof a 46 yr. old man
who ingested2000w of arsenic in a suicide attenpt (27). Tre&ment with 300
ngof114SA wery6hrs~for3 dayscaused anticrease in the urinary
excretionof arsenicand eventual recovery. E14SAincreasedthe excretionof
lead in the urine of smlter mrkers and was effectivein treatingthe signs
ard synptms of l-d pisoning (28). The dimm2apto ccrpund was well
toleratedand no signs of toxicitywere evident. The usefulnessof tlfPSand
other mstal bindingagats in the trea~t of mrcury intoxicationresulting
fran the Iraqimrcury disasterhas been ckcurentedrecently (18). MPS, as
D~VAL, is rcw an qqxoved drug in West Germny for the treatrrentof rercuy
poison. TYE?se* water solubleanalcgs of PAL, analogousin activityas well

__a_
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as chemicalstructure,activewhen giva by muth and of lcw toxicity,warrant
continualinvestigationas pssible replacementsfor BAL.
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~. INGREDIENT NAME:

FERR C SUBSUI LFATE SOLUTION

B. Chemical Name:

C. Common Name:

Monsel’s Solutio~ Basic Solutio~ Iron Hydroxide Sulfate

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

(Specification) (Resulfl
Assay 20-22% 21.2%

E. Information about how the ingredient is supplied:
.- .

Reddish-Brown liquid, almost odorless, sour, strongly astringent taste, fiected by light.

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

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. An
JObstet Gynecol 1996; 175(5): 1204-1207.

Su, G. B. Clinical experience on efficacy of Monsel’s solution. Chung Hua Wai Ko Tm
Chih, 1981: 19(11): 685-686.

Manc~ D. P. Therapeutic use. Human/ Wound Healing. Can Fam Physician, 1997; 43:
1359.



——
H. Information about dosage forms used:

Solution

L 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-



—._—.. —+_= ~___
---.=~e —

——

—. --- —- —.. . —,

g_. .. ’----- -.HIU. .-= ._

----—

-— —. ——.. .= —-—-—....

—-_

--

-. —-. s. .!

— . -—---- —. —.. . -
-- ____ . . . . . . . . . ...- .-...2, . f

.“

CERTIFICATE .OF ANALYSIS
----- ----- ----- ----- ---.-.. -_

F...iXJCT: FERRIC SUBSULFATE SOLUTION (PURIFIED
RELEASE #: 104273 LOT # :B6

SPECIFICATIONS
------------ --

1. DESCRIPTION REDDISH-BROWN L

2. Identification To pass test

3.
0.
Assay (Fe) [gm/100 ml] 20 - 22%

4. Nitrate Negative

5. Ferrous salts Negative

6. Volubility To pass test

———.

ATTENTION: TOiVY HATCHETT
-.

Date :11/13/97

10907

Our Order # “239573-1

GRADE: --
908M1O ~ CODE:G09-21250/97

RESULT

QUID

—-

I

1

I
I

I b

!

I
,

------

CONFORMS

Passes test

21.2%
—–~

Negative

Negative

Passes test

b’

Prepared by : A. KASHW
.-

Approved. ;

Your PO # 54504 I
1 I

v

..,. “Ii..
I

1
I I

_~.~EABOVETEST RESU@SHAVE BEENOBTAINED BYOURMANUFACTURE~UPP~ER AND/ORINOUR C2UAUTYCONTROL LABORATORY.
:DATAISPROVIDED ATTHEREOUESTOF ANDFORTHECONVENIENCE OFTHE.CUSTOMER ANDDOESNOTRELIEVETHECUSTOMER

ITS RESPONS!BIUTYTO VERl~~.THIS ANALYSIS IS NOTTOBECONSTRUED AS AhVARRANTY, i=xPRESSEDOR IMPLIED.
I I



. QUALITY CONTROL REPORT

6
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d
CHEMICAL NAME .: ERRIC SUBSULFAT (MONSEL’S SOLN)

‘)

MANUFACTURE LOT NO. :C63940C26

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /MERCK /NF /MART. /CO.SPECS._,—. —— —

l)DESCRIPTION .:

{f~ REDDISH-BROWN LIQUID; ALMOST 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.
.k

ANALYST SIGNATURE. : DATE .:

PREPACK TEST. : DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :
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MALLINCKRODT BAKER -- FERRIC SUBSULFATE SOLUTION - FERRIC SUBSULFATE SOLUTION_.-..
MATERIAL SAFETY DATA SHEET
NSN: 6505012078245
Manufacturex’s CAGE: 70829
Part No. Indicator: A
Part Number/Trade Name: FERRIC SUBSULFATE SOLUTION
....=.....=.........=.=. .....=.==.......== ..=..=...............=.=..=......

General Information
......=......=..............=......==......=........==. =..=.....=.=.=....=.

Item Name: FERRIC SUBSULFATE SOLUTION
Company’s Name: M?ULINCKRODT 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 #: 908-859-2151/800-424-9300 (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: 22AuG95
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:
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khtion with mtassium or sodium hydrate T!

,nd”for some time, should not give a white, cry%
.-. .. . ....
tionoftheacidulatedand co?le!.~t~te-a1~~

[
s~iline recipitde. ‘:4
km of t e Solution be introduced intn a. g-

be kept for half an hour at a temperature 01 ~
d mixed with a few drops of starch T:S.,.it sho

litraa.Ferri et AmmoniiCitraa.
-~y.
,:

;RRI ET AMMONII ACET<I.m
F lRON AND AMMONIUM AC~,~

T AMMONII AOETMIS, PHARM. lsw~~

“ic mide, twenty W cd~*8.

,cid, mirty & centimeter. . . . . . . . ‘~:
lonium Acetate,two hundred abic’~{

!/.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.onehundred c@kcdi*s . . . . . ~
dred and twenty cubic centimeters . .lf,>
t quuntity, :4

JOmdce me thousand cubic centidd

f Ammonium Acetate(which sho~

!ly,theDilutedAceticAci~ the‘li~

.aticElixir,and th~Glycerin,an~’~

~product measure one thou-sand (1(-:.,

shouldbe freshlymade, When w,$
,:!..!!,..,

UOR FERRI NITRAT’:~
UTION OF FERRIC NITRATE!~,:,:af?

ion of Ferric ?fitra~ l?es(~osh’$
\ent.of the anhydrom dtl and,.~~
of metalliciron.

.:,,;
w
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Iolution of Ferric Sulphate, one hundre~ and eighty
gramnw.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 Gm. ,

~monia Water, OM hundred and eixty & centimeters 160 CC. .’
fitricAcid,8C’V&Y-OtWgramme.s . . . . . . . . . . . . . . . . . . . . . . 7x Gm. .
)istilledWater, .

Vater,each,a m@mieniquantity,

To make one thousand gramnw. . . . 1000 Gm. ‘

6X theAmmonia Water withJve hundred (500) c@ic cen.time&r8of
I water, and the Solution of Ferric Sulphate with jifleen hundred
f)) cubic centimeters of cold Water. Add the latter solution slowly
be diluted Ammonia Water, with constant stirring. Let the mix.
\stand mtil, the precipitate has subsided as fhr as practimble, and
~decant the supernatant liquid. Add to the precipitate w thou-
1(1000) cubic centimeter of cold Water, mix well, and again set the
ture aside, as before. Repeat the washing with successive portions
@dWater, in the same manner, until the washings produce but
ight cloudineM with barium chloride test-solution. Pour the
~ ferric hydrate -on a wet muslin strainer, and let it drain
~ughly. Then transfer it to a porcelain capsule, add the Nitric
$ and stir with a glaw rot until a clear solution is obtained.

y, add enough Distilled Water to make the finished product
‘CMthowand (1000) grammw. Filter, if n~.,. .’

;)1:+:...
.<,.;,...,;.,.?.

“’I
~dear,amber-colored or reddish liquid, Odorlem, bfig ~ mid,‘wfitic,‘;‘;~,”:\i !
b and an acid reaction. .,1,:”‘“.,::;
. -cific gravity: about 1.050 at 15° C. (59° F.).
~e Solution gives a brownish-red recipitate-wit,h ammonia water, and a , :~~-,;

:,f;i,~

~OrJe with potaasium ferrocyanide &3.
!f a clear cryst+d of ferrour+ sulpha~ be added to a“cooled mixtn& of equal ‘ ‘<~~

,,

w of the Solution and of concentrated eulphnric acid, the crystal will be-- ,- .,”...!’$’
w brown and be surrounded b a brownish-black zone.

/’

..$,\,,

6) Gm. nf th G so utlo~ be introdu~ in~ ~ ~ln.m-~nn-m~~ , t ~., ~:“’~,
. ... . .

e, the-mixture be kept for half an hour at a temp~~ of MAOC. (IWO ! j,, In
h hen coded, and mixed with a few dropsof~mh T.S.,itsho~d~~m ““’”’-:~~:.”
w 2.8 Cc. of riw-inmrnnl nndi~ h~tinhiti V-S.h i-li.whnrm t.ho n.

~Imnt. of metallic ir&).
–e

1

j LIQUOR FE~RI SUBSULPHATIS. .
~ SOLUTION OF FERRIC SUBSULPHATE.

tiON OF BASIC FERRIC SULP~TE. MONSEL?S SOLUTION.~
k.
~ueous solution of B&sic Ferric %lphate (of variable chemi~l ““
‘i~on)~ corresponding to about 13.6 per cent. of metallic iron. , :”,~ “11

~,_ -. ., . . ,.. .!,’ ,”. . . .. m





with physiologicalsaltsolutionand slowlyadminis-
teredintravenously.
Dosage Forms—Injection USP: 50 mg/5 ml, 250

mg/25 ml; forInjectionUSP: 50 mg.

Other AnticoagulantAntagonists

Tolonium ChloridefloluidineBlue;Blutene(Abbott)]
3-amino-7-(dimethylamino)-Z-methylphenazathionium

~hloride[C1~H1tCINs1. Description and Volubility: A
dark-greenpowder. 1 Gm dissolvesinabout26 ml of water,

----- ,

yielding a blue to violet solution, and in about 175 ml of alco-
hol. yielding a blue solution. Uses: It rmciDitates heDarin.
Itis-used f& the treatment of overdosage of heparin a;d for
the treatmentofcertainhemorrhagicstates,some ofwhich,
but not all,are associatedwith elevatedblood heparinoid
levels.The organsarestainedblueand the urinebecomes
paleblue-green.Nausea,vomiting,burningsensationupon
urination,and tenesmusmay 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.

Ifemostatics and Stypfics

Manv substances not emeciallv related to the clotting
mecha~ism are capable o} promoting clotting. Upo~
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 hemostatic
(see page 829). Astringents (eee Chapter 43, page 768)
also initiate clotting by precipitating proteins and by
Iabilizing platelets; ferric salts are mostly employed as
styptics.

Alum—see page 769.

Cellulose, Oxidized—see page 1876.

Estrogens, Con@gated-see page 991

Ferric Chloride—see page 772.

Fibrinogen—see page 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 1500 for 4 houm.

Volubility—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 leftin place following the closure of a
surgical incision. It is absorbed in from 4 to 6 weeks.

Human Antihemophiiic Facfor---see page 830

Arstihemophilic Humon Plasma—see page 830.

Profamine Sulfafe—see page 836.

Thrombin—see page 831.

Thromboplastin—see page 1376.

Tolonium Chloride---see this page.

Other Hemostatic and Styptics

Carbazochrome Salicylate [Adrenosem(JZassengilD;
Adrestat(Organon) J—An adrenocbrome monosemicarba-
zone [3-hydroxy-l-methyl-5,6-indolinedione-5-semicarba-
zone ] sodium salicylate complex [Cd+l!N40J. C7HNaOo ]
occurring as a fine, orange-red, odorless powder with a sweet-
ish saline taste. Itissoluble 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 subsulfa~e [approx. Fe,O(SOJ 5.HzO]—Used and
prepared only as a solution. FerricSubsul ution
was official in NF XI. Itispreparedby “ ‘‘~%

The solutioncontains20-22 p

m!Eh2:Yz:,?s;::ti12J
portantstypticsolution.The solutionislessirritatingthan
ferricsulfatebecauseoftheksser 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 1300 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

IL

The concentrationofseveraloftheelectrolytesinthe inthe extracellularfluid(ofwhich plasma isone com-
p~sma iscriticalforthepraperfunctioningofthecells,partment)butalsoupon theintracellularconcentration,
especiallythoseoftheexcitabletissues.Forthenormal the ratioacrossthe cellmembrane beingan essential
Plasmaconcentrationof the principalelectrolytes,see factor,and upon theratioof one iontype to another.
Page 815. The properbalanceof the severalionsis Thus, the plasma electrolyteconcentrationsprovide
complex; itdependsnot aloneupon theconcentrationonlya crudecluetotheelectrolytestatusofthepatient.
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— hasbeenexposedtodaylightfor;~n:J--

;h”$ yieldsa greenishorbluishcolor1
mtaasnunferricyanideT.S.(pw.wnceof:1
“sWOUS8dt) . :i

Nitrate-Dilute 4 ml. of Ferric CMoride ‘I
mre with 10 ml. of water, heat the eolutio
)oilingand pour it into a rni.xtur’eof 10 m
water and 10 ml. of ammoniaT.S. Fiter
ni,,turewhiIehot,and wash the filter with
wateruntilthe totalfiltratemeasures30
Mix thefiltratewelland to5 ml.add 2 dro

“\ndigo Wrrnine T.S. Mix thissolutionmt
nl.ofsulfuricacid:theblue color does noq
ippear within 1 minute. ‘la

Assay-Transfer 5 ml. of Ferric Chloride’1
xre, accurately measured, to a flask of suit
:apacity. Add about 20 MI. of water, 3 GrI
ootassium iodide, and 3 ml. of h@ochloric ~
Allow the solution to stand dunn 15 rnim

3~ilute it with 100 ml. of water, ~ then tit
,vith 0.1 N sodium thioeulfate, using starch,,
J,Sthe indicator. Each MI. of 0.1 N sodium f
mlfate is equivalent to 16.22 mg. of FeCL~’~

Alcohol content, page404—FerricChft
IIncturecontainsfrom58 to 64 perceb
C,H,OH.
Packagingandstorage—PreserveFernc~

rideTinctureintight,lighkresktantconti~
Jndavoidexposure to directsunlightorto.
jiveheat. d

CATEOORY-Astringent; hematinic. %
USU.ALDOSE-O.6 ml. a

FerricCikochlorideTincture
~.-.%

CitrochlorideTinctureisa li~
31C; ,solutioncontaining,ineach100!
ferriccitrochiondeequivalenttonotl@
4.48Gm. ofFe. -,

FerricChlorideSolution........... ~~
450,SodhmCltrate................... ---

Water,a sufficientquantity, -d
To make about. . . . . . . . . . . . . . . 1~

Mm the ferric chloridesolution with 1!
of water, dissolve the sodium citrats i]
mixture with the aid of gentle heat, ari~~
the alcohol. When thesolutionhas@
cold,addsufficientwatertomske thepra
measure1000ml. SettheFerricCitrochk
Tinctureasideina coldplacefors,few’s
sothattheexcessofsalinemattermay ~
rate,andthenfilter. .!

Assay-Transfer5ml.ofFerricCitroch~
Tincture,accuratelymeasured,intoan io
flask,add7 ml.ofhydrochloricacidand25
ofwater,andheaton a waterbathuntilG
Cooltoroomtemperatureandaddabout:
ofwaterand3Gm.ofpotassiumiodide,and,rn
themixturetostandfor15minutes.Then1
thestopperand thesidesoftheflaskwitl!

i’
~WfiONAL FORMULARY Xl

~ditional50 MI.ofwaterand titratetheliber-
:~ iodinewith0:1~ sodnunthioeulfate,using

= ~rch T.S,..Wthel~~cat?r.Each ml.of0.1iv
;~UIU thlosulfate IS eqwvalent to 5.585 mg. cf

Fe.
Afcohol content, page 404—Ferric Citrochlo-

tide Tincture contains from 13 to 15 per cent of
fi-&oH.

packagiqg and stprage—Preserve Ferric Citro-
~ ~]oride Tmct~e m tight, lighkresietant con-

tiers and avoid exposure to Jlrect sunlight or

B

~ exceeswe heat.

CATmom-Hematinic.
+ USUALDosE-0.5 ad.

One usual dose rep~esents about 22 mg. of iron
: iOthe form of ferric c:trochloride.

~:, Ferric PhosphatewithSodium Citrate

, ! solubleFerricPhosphateisferricphosphate

1

renderedsolubleby thepresenceof sodium
titrate,and yieldsnotleesthan12 percent
md notmorethan15percentofFe.

‘;Description--solubleFerricPhosphateoccurs
~M thin,bngh~green,transparentscales,orse

Itn withoutodor, and has an acid,
fh$%alty taste. Soluble Ferric Phosphate is

~atsble in dry air when protected from light, but
bwhenunprotected,soonbecomes discolored. A
~solutionof Soluble Ferric Phosphate (1 in 10) is
cidtolitmus.
Solubility+olubleFerricPhosphatedissolves

~f+elyin water. It is insoluble in alcohol.
ldentitlcation—

A: To 10 ml. of a solution of Soluble Ferric
lmsphate (1 in 100) add ammonia T.S,, drop-

: the solution becomes reddish brown, but no
!tCSciDitateforms.

riling it with an excess Of sodium hydroxid~
iT-8.;filter!and stronglyacidifythefiltratewith
ydrochlorrcacid: a cooledportionof this
idmixedwithan equalvolumeofmagnesia

Wure ‘T.S.and treatedwitha sli ht excess of
3~Uaraonia ‘1’.S. produces an abun ant, white,

1~~lline precipitate. This recipitate, after
! yel~ow whenking washed, turns greenis

.~ted with a few drops of silver nitrate T.S.
; (dt.rtindion from pyophoephate).

‘ Ammonium salte-Boil about 100 mg. of
‘‘dubleFerric phosDhate with 5 ml. of sodkrn

~fOMrewithout the evolution of amnmn~~ ‘-”- ‘----

E ‘Olmnetricflask. Add euffident water to make
: 1~ ml., and mix well. A lo-ml. portion of this
*lution contains no more than 5 mcg. of lead
(Ml?Mpondin~ ~ not more than ~ ~ar+~ ~er

i ~~tt i“ast, page 414, using 10 ml. of ammonium
~ *te solution, 3 MI. of potassium cyanide ealu-

Ferric--l 43

tion,and 1 ml.ofhydroxylarninehydrochloride
solution.
Assay—Dissolveabout1Gm. of Soluble Ferric

Phosph:ite, mcw~tely 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 libemted iodine with 0.1 N sodiurrr
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 N sodium thiosulfate is equivalent
to 5.585 mg. of Fe.

Packaging and storage—Preserve Soluble
Ferric Phosphate in well-closed, light-resistant
containers.

CATEGORY—HematiniC.
USUALDOSE—250 mg.

FERRIC SUBSULFATESOLUTION
Monsel’s Solution; Basic Ferric Sulfate Solution

Ferric SubsuMe 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.

Nom: If exposed tQ 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 li ht. Itss ecific gravity is about 1.548.

f$So ubility— erric Subeulfate Solution is misc-
ible with water and with alcohol.

Identification-Separate portions of a dilution
of Ferric Subeulfate Solution (1 in 20) yield a
brownish red precipitate with ammonia T. S., a
blue precipitate with potassium ferroc snide

{T.S., and a white recipitate, insoluble in ydro-
Ecbloric acid, with ariurn chloride T.S.

Nitrate-Add a clear crystal of ferrous eulf:tte
to a cooled mixture of equal volumes of sulfuric
acid and a dilution of Ferric Subsulfate Solution
(1 in 10): the crystal does not become brown, nor
does a brownish black color develop around it.

Ferrous eslts-Add a few drops of freshly pre-
pared potassium ferricyanide T.S. to 2 ml. ofa
dilutionofFerricSubeulfateSolution(1in20):
a brown colorisproducedand the solutionre-
mainsfreefromevena transientgreenorgreenish
blue color.

Aesay-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 stappered flask; add 5 ml. of hydro-
chloric acid and 3 Gm. of potassium Iodide.



144—Ferrou

Stopper the flask, and allow the mixture to stand
for 15 minutes; then dilute y~ith 50 ml. of water,
and titrate the liberated iodine with 0.1 ‘Vsodium
thiosr.dfate, usin starch T.S. as the indicator.

;“Each ml. of 0.1 f sodmm tbiosuIfate is equiva-
lent to 5.585 mg. of Fe.

Packaging and storage-Preserve Ferric Sutr-
eulfate Solution in tight, light-resistant con-
tainers, and in a moderately warm place (not
under 220).

cATEGORY—.&3tti13 &X3t.
un~lu~&rvmxc—UseF ernc Subsulfate Solution

.

FERROUSCARBONATEPILLS
Chalybeate Pills

Blaud’s Pills
Ferruginous Pdls

Each Pillcontainsnotlessthan60 ma. of
FeCO,.

Ferrous Sulfate, in clear crystals... . 16 Gm.
PotassiumC arbonate . . . . . . . . . . . . . . 9.5 Gm.
Sucrose, finelypowdered. . . . . . .. . . . 4 Gm.
Tragacanth,tinelypowdered. . . . . . . . 1 Gm.
A1thea, 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 tritumted 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.

Aaeay-CarefuHy 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 beake~ of about 800-ml. capacity,
and add water to bring the total vohune to ap-

proximately 300 rrd. Add orthophenanthroline
!?.S., and titrate immediately with 0.1 N cenc
sulfate, avoidin~ ex;essive stirring. lNear the
end of the tltratlon tdt the beaker at an angle of
45° to facilitate the detection of the end point.
Each ml. of 0.1 N cenc sulfate is equivalent to
11.59 mg. of FeCO,.

Packaging and storage—Preserve Ferrous Car-
bonate Pills in well-closed containers.

cATEGoRY—Hematinic.
USUALDOSE—5pills.

..--.— —
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1~. “<@ous tarrrate is employed for iron-deficiency
a,,~nda. It is given by mouth in doses of up to 1 :

“ $$$’ (equivalent to up to 224 mg of iron daily).

Folic Acid -q

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 megalobfast-
ic anaemia It is given by mouth for folate deficien-
cy states,and also has a role in the prevention of
neural tube defects. N should not be given for un-
diagnosed megalobiastic anaemia that maybe due
to vitamin B12 deficiency, since it may mask contin-
uing neurological degeneration.

Fohc Acrd (&IN, rfNN).

Ac!dum Folicum, Fofacin Fo4nsyr-e PGA Pteroylgluramic

Acid: Preroyfmonoghrsamic Acid, N[4-(2-Amino-4-hydmx-

yprendin-6-ykrWhyfamino)benzoyll-L(+)-ghtramic acid.

C19H19N706 = 441.4.

CAS — 59-30-3 (folic acid); 6484 -89-5 (sodium relate).

%m-nacqxwios. In AUSZ, Belg., 8c, G-m., G., Eur., Fr., Ger.,

Hung., kfL, h, Jpn. Neti., FtrrL, SWISS,and US
The ssandatxb of i% Eur. apply to those countries that are par-

ries to rhe Convention on the Elaborauon of a European Phar-
macopoeia, see p.xiii.

A yellow to orange brows, odourless or almost odourless
crystalline powder

BP ssdrsbilitieaWE pnscricallyinsolublein water and mosl
organicsolvents,USP solubilities are: very slightly soluble in
wa[ec resoluble in alcohol, acetone, chlorofomr, aad ether. II

readily dissolves in dilute sohxiorrs of alkali hydroxides and

Carbosra[es: sohsbIe in hydrochloric acid and sulphuric acid.
The USP injection has a pH of 8 to 11, Protect from light

Ststsifisy in sohrsion. A review of the compatibility and sta-

bilily of components of Lola] parenteral nutrition solutions
when mixed in 1- or 3-lisre flexible containers.1 Folic acid has

been reported LO precipitme in some proprietary amino acid
solutions and in the prescncc of high concentrations of calci-
um ions, but it appears so be stable snd remain in solution
provided the pH remains above 5. There have also been re-
ports of folic acid being absorbed by the polyvinyl chloride

comainer and administration W, however other studks have
nor substarrtiamd such obamations.

1 Allwood MC, Compatibility and stabilit> of TPN mixusres m
htg bags. 1 Clrn Hosp t%arm 19S4: 9:181-98.

Adverse Effects
Folic acid is generally well tolerated. Gastro-intesti-
nal disutrbances 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 Blz for
the treatment of undiagnosed megaloblastic anae-
mia. since folic acid may produce a haema~opoietic
response in patients with a megaloblastic anaemia
due to vitamin B12 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-
dependenr tumours.

Interactions. Folatc status may bc affected by a number of
dsugs and anticonvulsants, oral contraceptives. anlitubercu-
Iom drugs. afcohol. and folic acid antagonists including ami-

nopterin. melhouexate. pyrimethamine, trime!hoprim, and
suiphonamides have afl been said 10produce fo}ate deficiency
stales. 1 The autbms of this review discuss possible mecha-
msms responsible for the folate deficiency and assess the clin-
ical significance concluding that in some instances, such as

during me:houexaw or anticonvulsant therapy replacement
lherapy w]lh folic acid may become necessary in order to pre-
vent megalohlasuc anaemia developing.

Amiconvulsam-associated folate deficiency is discussed frrr-

ther underphenyloin.P.381.

I Lamlm DG. Iohnsan RH. DruFs and folale metabdsm. Druxs
1985: .W 145-55.

Pharmacokinetics
Folic acid is rapidly absorbed from normal diets,
mainly from the proximal pan of the small intestine.
and is distributed in body tissues, The principal stor-
a.eesite is the Iivec it is also actively concentrated in

lclluua lull, cJlcL.&, , “,,-,,>,- ----

naturally occurring foiate polyglutamates are large-
ly deconjugated and reduced prior to absorption but
once absorbed, folic acid is reconverted via dihydro-
folate to tetrahydrofolate and conjugated witlin the
cells to form active polyghrtamates, It is the 5-meth-
yltetrahydrofolate whichappearsin the portal circu-
lation, where it is extensively bound to plasma
proteins.
Thereisan enterohepaticcirculationfor folate;
about 4 to 5 Kgis excreted in the urine daily. Adrrrin-
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. Ahout 150 to 200 Kgof folate a day is
considered a suitable average intake for afl 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 (SMbelow). FoIate is present, chiefly com-
bined with several L(+)-ghstamic 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 (seep, 1352)
have been ~blisbed for folatel and in tbe 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 pregnam and lactat-
ing women, Tfre special folafe requirementsto protect againsl

neural tube defects are discussed below. In the UK the refer-
ence nsstrienl intake (RNI) for adult males and females is
Z@ ~g daily aad the estimated average requirement (EAR) is
15fJ pg daily. tn the USA She aliowarrszs published have also
recognised Usat &lets containing lower amounts of folate

maintain an adequate status and thus the atlowance has been
set a! 200 pg for adult males and 180 pg for adult females.

Folase requirements are increased during pregnancy, appar-
ent] y due to increased metabolic breakdown of folate rather
than foeud tramfez3 an RNt of 3tXt Kg &ail y has been suggesl-

ed for pregnant women in the UKandan RDA of 40D pg daiIy
in the USA. However, McParflin and colleagues have sug-
gested from a study in 6 pregnant women that these figures
are ma low. and that inrakes of about 450 to 650 #g daily
might he more appropriate.? Interestingly, in the light of re-
cent confirmation of the value of folate in preventing neural
tube de fecrs, it is now recommended that women planning a
pregnancy receive a total daily irmake of about 600 vg 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 advocaied
folic acid supplementation of bread or flour [o increase the
intake in women of childbeamng age,4”7 However. there re-
mains some debate over the appropriateness of such action.
and the risks of maskhrg underlying viramin El~deficiency.s$

1. DoH. Dictq reference values for fond energy and nulncnls for

the Unacd Kingdom: repon of !hc panel on dmtary reference
values of tbc comndnee on medical aspects of food policy Re-

porr on hralrh and socjal suhjecn 41 London HMSO. 199 I
2. Suhcommmcf on tbe tenth edition of the RDAs. Fnnd and Nu-

tmion Board. Commission on Life Sc)enccs. Natmnal Research

Council. Recommended dretar? allowances 10rh ed Wash) ng-
!on, DC Nalional Academy Press, 1989.

3. McParrlm 1. cr III. Accelerated folate breakdown in pregnant:
hncm 1993; 341: 148–9.

4 DoH Folic acid and the prevenr!on of neural lube d< fccl.r r?.
porr fmm an txpen adv!so~ ,amup. London Dcpanmem of

Health, 1992.

5. Commmtee on Geneucs of the American Academy of Pedlal -
rics. FOIIC acid for tbe prevention of neural tub defects. Peal!.

orrlcr 1993:92 493-i

6. Schorah C3, Wild J. Forrified focds and folate retake m women
of child-bearmg age Jx?ncel 1993, 341: 1417.

7. Sutcliffe M. t! al Preventmn of neural mbe defects. Lzmcrl

IW4. .344: [578.

8. Horton R. f+ghtin~ ahou! foiate. timer 1994.344:1696

9 Wald NJ, Bower C. Folic ac,d. pemic]ous anaemta. and prevcn.

t,on of neural tube defecm !_mcer 1994, 343:307.

Uses and Administration
Folic acid is a member of the vitamin B group. Foli
acid is reduced in the body to terrahydrofolate
which is a coenzyme for various metabolic process
es including the synthesis of purine and pyrimidin
nucIeotides. and hence in the synthesis of DNA: it i
also involved in some amino-acid conversions, an

ficiw anaemiaand its
rfher discussion of irOn

tie cerebrospinal fluid. Dietary folates are stated to
less well absorbed than crystalline folic acid. The

synstxrlt denotes a preparmion no longer actively

-..——.
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Monsel’s solution-induced artifact in the uterine cervix.

Spiker M; Chernys AE

Department of Obstetrics and Gynecology, Queens Hospital Center,
Jamaica, NY 11432, USA.

Am J Obstet Gynecol 1996 Nov; 175(5): 1204-7

97097948

We documented and quantifie -related artifacts after
cervical biopsies. Ail loop electrosurgical cone biopsy specimens over a
3-month period were reviewed for necrosis artifact of the surface
epithelium~

.
and correlated with the

. antecedent use of ~u~~ ? ion. wenty-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 soluti— —- wuna.y.interffw~h the ability to recognize and
characte@ze disease cwocess in co~.s~imens when the cone
~d~e is done within 3 wee~ after the use of Monsel’s so~tion.
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PracticeTips

StoppingcervicaIbleeding

Indications
This technique can be used for controlling cervical
bleeding (rem a hiopsied site. Occasionally, women

present to me wilh bleeding after cervical biopsy or
laser treatment for abnormal I%psmeam When they
du present, bleeding is usually minimal and seltk?s
with watchful waiting Occasionally a low-gradt! ink.
tion requires antibiotic trtaunent, on two ncrasinns in
my practice, bleeding was excessive and persisten~
after cervical biopsy or laser or loop excision.
Examination of the cervix revealed an oozing injuwd

site, I was able to stop the bleeding by applying
Monsel’s solution (20%ferric strbsulfate) to the cervix,

This methodis conlraindica[ed when bleeding Is
from inside the os cervix or when excessivr hemorr-

haging rewires further intervention.

Procedure
With ringed forceps ml gauze, dab the cervix to iden-
tify the site of bleeding. Then, using ringed forceps
with 2x2 gauze .wuked in Monsel’s solution, apply ~he
solution directly to the bleeding site.

Discussion
lh women I treated were discharged with no further
complications or complaints.

Upon reviewing Ihc Iilerarure, 1 found tha!
MonseYs solutionisoftenuser!ingynecologiconcolo-
gy for bleeding from cwvical imd vaginal biopsies.
One report) described a brownish vaginal discharge
that appeared several days after the application 0[
lvlonsel’s when a vaginal pack soaked in Monscl’s hm-1
hem used. Monsel’s solution is recommended over
sutures after cold-knife conixation in studies cwnpar-
ing these WVUInelhuds of hemostasis.:’xMonsel’s sohJ-
tion also has been used in examining the vw~ina fnr
papilloma virus imd neoplasifi.’

1 could find no information in the literature on
adverse effects for htluru I%p smears, Necrosis arti.
fact wdd appear it (ervica] biopsy is performed wi[h-
in 3weeks after appliciliion Id Monst*l’s solution,”
Monsel’s solution appears to h a safe mwhod for con.
[rolling cervical blwding in this si{uation. Be awarr
this[ biopsies done wilhin 3 wrt,ks of usin~ Monsel’s
sdulion csn ~how ar!ifucts, *

Iteferences
1.IlarliffC. Prvwnting crrvi(id blvwli)wwith Monsrl’sSOlurioi).

CJnro/AkrsFomim l{w;I$I(i):6&I,

2. GllbcrlL,%umdvmNJ,Strlwr ILSharr>I’. Hemo~Lmi*ml
c(AI knife cone biopsy: d prospt’rlivv, randomizlvi Irirdrooluw
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~. INGREDIENT NAME;

HYDRAZINE SULFATE

B. Chemical Name:

Hydrazinium Sulfate, Hydrazonium Sutiate

C. Common Name:

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

(S’c~catiom) (Results)
Assay: 99.0% min. 99.3’70

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

White Crystalline Powder

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

USP 23, Indian Pharmacopoeia 3ti 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(l): 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 cdeine: comparative effects in treatment of idiopathic
apnea in the preterm infimt. J Pediatr. 1987; 110:636.



-—. Ekenberg, M, G. and Kang, N. Stability of titrated caffeine solutions for injectable and
external use. Am. L Hosp. Phann. 1984;41 :2405.

H. Information about dosage forms used:

I. Information about strength:

60mg, 3 times/d

J. Information about route of administration:

Orally

~ Stability data:

Melts at about 254°
Oxidizing Agents
Bases

L. Formulations:

M. Miscellaneous Information:

-
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cM?TIFICME OF AXALYSIS
-----------------------

PRODUCT : HYDRAZINE SULFATE REAG~
RELEASE #: N

LOT* :L609141

SPECIFICMIONS

f

1.

2.

3.

4.

5.

6.

7*

8.
–.==%

DESCRI~Iox
--

Identification

Residue on Ignition

Znsoltile matter

,+W

Heavy Metals

Chlorfda

Iron

.-e-----..----

0.05% max.

0.005% max.

,~9.0* min.

0.002% max.

0.005* max.

0.001% max.

GIWDE: A.C. S.
COL)E:G61O24

RESULT
------

CONFORMS

Passes test

0.01%

0.0025*

99.3% /0
~-

< 0.001%

0.002%

< 0.0003%

ATT~TIOIV: Tom wurcHE!rr

Date :04/09/97 prepared W : A- ~~~

10690 Approved by :
.-— -.—.—-— ...— —— —..--——.

.
..

_—. ,,
-. .

..

.,.
—“. - . ..--—



QUALI~ CONTROL REPORT

cHEMICAL NAME. :HYDRAZINE SULFATE A. C. S. REAGENT

MANUFACTURELOT NO. :609141

PHYSICAL TEST

sPECIFICATION TEST STAND~, :USP_/BP_/~RCK_/NF—/-T-— /CO.SPECS. .—

l)DESCRIPTION .:
WHITE TO ORTHORHOMBIC CRYSTALS .G~SS-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. k

4)SPECIFIC GRAwm.:

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR SULFATE.

PASSES. :

COM4ENTS .:

ANALYST SIGNAW. :

FAILS .:

DATE. :

PREPACK TEST.: DATE.: INITIAL. :

RETEST .: DATE. : INITIAL. :

—-.- .

-—
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Useyourweb browser’s “Back” key to return to previous topic.

Hydrazine Sulfate

**** ~TER~L SAFE~ DATA S~ET ****

Hydrazine Sulfate

11070

**** SECTTON 1 _ cH~lc~ pRODUCT ~ cOMp~ lDE~lF1~T1ON ● ***

MSDS Name: Hydrazine Sulfate
Catalog Numbers:

H320 500, H320-500, H320500
Synonym9:

_.-. Diamine Sulfate; Hydrazine Monosulfate; Hydrazinium Sulfate.
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: 800–424-9300
For International CHEMTREC assistance, call: 703-527-3887

**** SECTION 2 _ COMPOSITION, INFO~TION ON ING~DIENTS ****

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

I cAs# I Chemical Name 1% I EINECS# I

l---------------- l -------------------------------------- l---------- l-----------l
10034-93-2 IHYDPAZINE SULFATE >99 I 233-110-4 I

+----------------+--------------------------------------+----------+-----------+
Hazard Symbols: T
Risk Phrases: 23/24/25 43 45

+*** !3ECTION 3 _ ~Z~DS 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.

.-. Potential Health Effects
Eye:

Contact with eyes may cause severe irritation, and possible eye
burns . May cause eye injury.

Skin:
May cause skin sensitization, an allergic reaction, which becomes
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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 andlor ulceration. May cause
liver and kidney damage. May cause cancer according to animal
studies. May cause digestive tract disturbances.

**** sEf.T1ON 4 _ FIRsT AID ~SURES ****

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 breathinq, qive artificial respiration. If
breathing is difficult, give-ox~gen.

Notes to Physician:
Treat symptomatically and supportively.

Antidote:
No specific antidote exists.

● *** SECTION 5 _ FIRE FIGHTING ~U~S

General Information:
AS in any fire, wear a self-contained breathirm

****

apparatus in
pressure~demand, MSHA/NIOSH (approved or e~lv~le~~), 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.

**** sEcTIoN 6 _ AcCIDE~AL REL~E ~uREs ****

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 ~ - ~LING and STO~GE *+**

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
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wash before reuse. Use with adequate ventilation. Minimize dust
generation and accumulation. May form flammable dust-air mixtures.
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 _ EXpc)SURE CONTROLS, PERSONAL PROTECTION ● ***

Engineering Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control airborne levels.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+

I Chemical Name I ACGIH I NIOSH IOSHA - Final PELs[

l-------------------- l------------------- l------------------- l----------------- I
I HYDRAZINE SULFATE Inone listed Inone listed Inone listed I
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
HYDRAZINE SULFATE:
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 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.

● ++* SECTION 9 _ pHySI~ AND CHEMIC~ properties *&**

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

Solid
white
None reported.
1.3 (0.2M solution)
Negligible.
Not applicable.
Negligible.
Not available.
Not available.
489 deg F
Not available.
Soluble in water.
1.4 (water=l)
H4N2.H2s04
130.12

+*** SECTION 10 _ sT~ILITy AND R~cT1vITy ****
-.~- ..

Page 3 of 6

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.
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Incompatibi.llties with Other Materials:

E’
xidizinq aqents, combustible materials, sodium amide.

azardous Decomposition Products:
Nitrogen oxides, carbon monoxide, oxides of sulfur, carbon dioxide.

Hazardous Polymerization: Has not been reported.

**** sECTION 11 . TOXICOLOGICAL INFO~TION ****

RTECS# :
CAS# 10034-93-2: MV9625000

LD50/Lc50:
CAS# 10034-93-2: Oral, mouse: LD50 = 74o mg/kg; Oral, rat: LD511 =
601 mg/kg.

Carcinogenicity:
HYDRAZINE SULFATE -

California: 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

Other Studies:
Skin irritation, guinea pig: slight.
severe.

**** SECTION 12 . ECOLOGIC~

specific information.

Eye irritation, rabbit:

INFORMATION ****

Ecotoxicity:
No information

Environmental Fate:
No information

PhysicallChemical:
No information

Other:
None.

available.

reported.

available.

**** SECTION 13 - DISpOS~ CONS1DERATIONS ****

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.

● *** SECTION 14 – TPJ+NSPORT INFORMATION ****

US DOT
Shipping Name:

Hazard Class:
UN Number:

Packing Group:
IMO

No information
IATA

No information
RID/ADR

No information
Canadian TDG

Shipping Name:
Hazard Class:

UN Number:

CORROSIVE SOLID,ACIDIC, INORGANIC, N.O.S.
(HYDRAZINE SULFATE)
B
uN3260
II

available.

available.

available.

CORROSIVE SOLIDS NOS (HYDRAZINE SULFATE)
8(9.2)
UN1759

Page40f6
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*+** SECTION 15 _ ~GU~TORy lNFO~TION ****

Page 5 ot’6

—_

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 L Safety Reporting List.
Chemical Test Rules

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

None of the chenucals are listed under TSCA Section 12b.
TSCA Significant New Use Rule

None of the chemicals in this mterial 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 dcpletors.
This material does not contain any Class 2 Ozone depletors.

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

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

STATE
HYDP.AZINE 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 uglday

European/International Regulations
European 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 Avoid 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 - ~DITIo~ INFo~TIc)N ****

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 / l?eagems

Spectral puri/y—Measure in a I-cm cell at 300 nm, witha
suitablespectrophotometer,againstairastheblank:itsabsorb-
ance k not more than 0.08.

Hexanes (suitable for use in ultraviolet spectrophotometry);
usually a mixture of several isomers of hexane (C6HIJ, predom-
inantly n-hexane, and methyicyclopentane (C6H ,J-Use ACS
reagent grade.

Hexanitrodipheny lamine (Dipicrylamine), C12H5N701z—
439.21—Yellow-gold powder or prisms. Explosive. Usually con-
tains about 15% of water as a safety precaution. Insolubie in
water, in alcohol, in acetone, and in ethe~ solubie in glaciai acetic
acid and in alkalies.

Wafer, Merhod 1 (921): not more than 16?6.

Hexanophenone, Cl 2H1b0—176.26-Yeliow liquid.
Assay—inject an appropriate specimen into a suitable gas

chromatography (see Chromatography (62 1)) equipped with a
flame-ionization detector, heiium being used as the carrier gas.
The foilowhrgconditionshave been found suitabie: a 30-m X
0.25-mm capillary column coated with a 1-pm 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 i 80° and programmed to rise 10° per minute to
280°. The areaoftheCl*H160peakisnotlessthan98’2%ofthe
totalpeakarea.

i ReJracrive index (83 i ): 1.511 t 0.002 at 20”.

/
Hexokinase and Ghscose-6-phosphate Dehydrogenase Suspen-

sion—Use a suitabie grade.I
Suirabiliry—When used in the assay of Iactulose, determine

that a suitable absorbance-versus-concentration slope is obtained,
using USP Lactulose RS, the reagent blank absorbance being
not more than 0.020.

Hktamine Dlhydrocbloride, C~HgNj.2HCl—184.07—UseUSP
Histamine Dihydrochloride RS.

Hydrazine Hydrate, 85% in Water, (NH2)2. H20-50.06--
Colodess Iiuid.

?Asay-— ransfer 600 mg, accurately weighed, toa 100-mL
_—_ volumetricflask,Dilutewithwatertovolume, 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 O.i N iodine is equivalent to 12.52 mg of
(NHJ2. H20. Not less than 83% is found.

. Hydrazine Dihydrochioride, (NHJ2. 2HC1—104.97—White
powder.

Assay—Dissoive about 34 mg, accurately weighed? in 50 mL
of water. Add carefully while stirring, 1 g of sodium bicarbonate.
[Cau[ion—Theremav be a raDidevolution of carbon dioxide.]
Titrate with 0.1 N iodine solut’iori, determini~g the endpoint p;
tentiometrically. Perform a blank determination, and make any
necessary corrections. Each mL of 0.1 N iodine soiution is equiv-

, alent to 2.63 mg of (NH2)2. 2HC1. Not less than 98’%is found.

~age+
H drazine Sulfate, (NH2)Z. H2SOq—130.13-Use ACS re-

Hydriodic Acid, HI— 127.91—Use ACS reagent grade (con-
taining not less than 47.0% of HI).

NOIX—For Methoxy Determination (see (431 )), use hy-
driodic acid that is labeled “for alkoxyl determination,” or that
is purified as directed under Me(hoxy Determination {431). Use
this grade also for alkoxyl determinations in assays in the indi-
vidual monographs.

Hydrochloric Acid, HC1—36.46-Use ACS reagentgrade.

HydrochloricAcid,Diluted(10percent)—Prepareby mixing
226mL of hydrochloric acid with sufficient water to make 1000
mL.

Hydrofluoric Acid, HF—20.01—Use ACS reagentgrade.

HydrogenPeroxide,30 Percent,Hz02—34.01—Use ACS re-
–- agentgrade.

Hydrogen Peroxide Solution—Use Hydrogen Peroxide Topi-
cal Solution.

Hydrogen Suifide, H2S—34.08—Coiorlessy poisonous gas,
heavierthanair.Soluble in water. Isgenerated by treating fer-

rous sulfide with diluted sulfuric or diluted h~drochloric acid
Other sulfides yielding hydrogen sulfide with d~luted. acids ~Y
be used. 1s also available in compressed form m cyhnders. :::,

Hydrogen Sulfide Detector Tube-A fuse-seaied glass tube&
designed that gas may be passed through It and conta~nmg s~t.
able absorbing filters and support media for the mdlcator, ~
latter consisting of a suitable lead salt. -.,

NOTE—A suitable detector tube that conforms to the mom
graph specification is available from National Draeger, Inc., P.0
Box i 20, Pittsburgh, PA 15230-0120 as Reference Number-fi
19001, Measuring Range 1 to 20 ppm. Tubes having conditio~
other than those specified in the monograph may be used,~
accordance with the section entitled Tests and Asswr in &
General Notices. .;.;

Hydroquinone, CGH4(OH)Z—1 10.1 I—Fine, coio~iess or whit$
needle crystals. Darkens on exposure to alr and hght. Soi$]t
in water, in aicohol, and in ether. ..

Assay—Weigh accurately about 250 mg, and dissolve in’s
mixture of 100 mL of water and 10 mL of 0.1 N sulfuric ati
in a 250-mL conicai flask. Add 3 drops of a 1 in 100 soiuti~
of diphenylamine in suifuric acid, and titrate with 0.1 N eerie
sulfate VS until the solution is red-violet in color. Each mU &
0.1 N eerie sulfate is equivalent to 5.506 mg Of C6Hd(OH)2. NQI

less than 99% is found.
Melting range (741): between 172” and 174°. ‘~

3’-Hydroxyacetophenone, C8H@2-136. 15-Light br&
powder chips and chunks. Meits at about 96”. Sparingly Solubie
in chloroform, yielding a clear, light yellow solution. ,.,.

Assay—Inject an appropriate specimen into a suitable ‘gst
chromatography (see Chromatography (621)) equipped with t
flame-ionization detector, helium being used as the carrier gas,
The foilowing conditions have been found suitable: a 0.25-mnr
X 30-m capiilary coiumn coated with G 1; the detector andtht
injection port temperature are maintained at 300”; the column
temperature is maintained at 180” and programmed to rise 10’
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 pest
area. ,~

4’-I-Jydroxyacetophenone, HOC6H4COCH3—136.15-Gr;Y
powder, meiting at about 109°. .:Ji$

.<U’
p-Hydroxybenzoic Acid, CTH603—138.12—1%’bite crystals.”.
Assay—Transfer about 700 mg, accurately weighed, to a suit.

abie container, and dissoive in 50 mL of acetone. Add 100 m!
of water, mix, and titrate with 0.5 N sodium hydroxide VS, d~
termining the endpoint potentiometricaily. Perform a blankd&
termination, and make any necessary correction. Each mL of 0.5
N sodium hydroxide is equivalent to 69.06 mg of C, H@J:’ uot
less than 97% is found. :.i.,

Melting range (741): over a range of 2“ that includes 21@.

4-Hydroxyhenzoic Acid Isopropyl Ester, HOC6HQCOOCfi.
(CH2)z—180.20-Use a suitabie grade.Jz ..&

Melting range {741): between 84° and 87°. :ir

l-Hydroxyhenzotriazole Hydrate, CdHSN30. XH20-135.’fi
(anhydrous)—White crystalline powder. Sparingly soluble in,d
cohoi yieiding a clear, pale yeilow solution. .(

,*.?
2-Hydroxybenzyl Alcohol, C7H807124.14—Off-white flakis

Very soluble in aicohol, in chloroform, and in ether; soluble,4
15 parts water and in benzene. ,.!(

Assay—Inject an appropriate specimen into a gas chromato
graph (see Chromatography (62 I )), equipped with a flame-iou
ization detector, helium being used as the carrier gas. The fo~
lowing conditions have been found suitabie: a 0.25-mm X 30-~
capillary column coated with a l-pm layer of phase G2; the h
jection port temperature is maintained at 250°; the detector te~
perature is maintained at 300”; and the column temperature U
maintained at 150° and programmed to rise 10° per minute w
280°. The areaoftheC7H802 peakisnotlessthan99% oftb~
totalpeakarea.

Melting runge (741): be:ween 83° and 85°. r,
4-Hydroxyisophthalic Acid, C8H60q—182.13—Coloric$~

branched needles. Freely soluble in alcohol and in ether. ~
Melting range (74 1): between 3 14“ and 3 [5°, with deco~

position.

.$$





-_

..

REAGENTSAND SOLIJ’ITONS

A fractionfrom petroleumcontainingabout 90 per cent soLuBmrry - Miscible witi water.
of n.hexane.

WT.PERML -1.03 g,Appendix5.19.
DESCR1C710N - CO] OUrltXS, mobile, highly flammable

liquid.
P

ydfazine Stdphate : NHZ.NHZ,H2S04= 130.12
-—. .

DISTtLUTtON RANGE - INOC less than 95 per cent, distils C~& not less than 99.0 per cent of N2H6SOA.
between 67° and 70”, Appendix 5.3. -

L
~ESCRIPTION - White,crystallinepowder.

WT.PER ML - At 20°, 0.670 to 0.677 g, Appendix 5.19.
— -—-- --—-

NON.VOLATILEwwrER - When evaporatedon awater-bath
anddriedtoconstantweightat105”,leavesnotmore than
0.01per cent w~v of residue.

Histamine .4ad Phosphate

Of the IndianPharmacopoeia.

Histamine Dihydrochloride : C$Hf13,2HC1 = 184.07

DESCRImON - Whitecrystallinepowder.

SOLUBImY - Freelysoluble in water and in me(byl dco-

bol; soluble in alcohol.

MELTING POINT - About 250°, Appendix 5.11.

DL-Histidine Mofiohydrochloride
~: CH.NH.CH:fl CHJ.CH(NHJ. COOH,HC1 = 191.62

ConCaitls not less than 99.0 per cent of C,##302.HCL cal-
culated With reference to the substance dried to co~tant
weight at 105”.

DESCRWITON - White, crystalline pwder.

soLuBmt’m- 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 detemtination of
ni(rogen, Metbod A, Appendix 3.3.5, using 0.15 g and 7
ml of nitrogen-f=e su[pbun’c acid. Each ml of 0.1 N sul-
pbutic acid is equivalent to 0.00639 g of C&Nj02,HC1.

Ho~um Oxide :Hozoj = 377.86

DESCRIPTION - A yellow solid.

SOLUBILWY - Pracdczdly insoluble in W@?K

Holmium Perchlofate Solutkm

A 5 per cent W;Vsd~’ion of bofmium oxide in 1.4 M

percb[oric acid,

drazine Hydrate : INH2.NH,,H,0. 50.06

DESCRIPTION - Clear,coiourless liquid with an ammonia-
1 cal odour.

SOLUBILtTY - Freely soluble in water; practically insoluble
in a[cobo[.

MELTtNG POINT - About 254, Appendix 5.11.

CHLOmDE -1 g complies with the limit test for chlorides,
Appendix 3.2.2.

rRON-1 g compiies with the [imit testforimn, Appendix
3.2.5. .
SUWHATED 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 O,I N iodine, using srarcb solution as indicator.
Each ml of 0.1N iodine is equivalent to 0.003253 g of
N~H&+

H@lk)ciic Add : HI = 127.91

Constant-boiling hydriodic acid contains 55.0 per cent
W!W of HI (limits, 54.0 to 56.0).

DESCRtPTtON - Almost colorless liquid when freshly
made, but rapidly becoming yellow to brown owing to
the liberation of iodine.

SOLUBIUW - Miscible in all proportions WILh water and
with alcobo[.

BOILING POINT - About 127”, Appendix 5.3.

WT.PERML - At 20°, about 1.7 g, Appendix 5.19.

CHLORtDE AND BROMIDE - To 0.2 ml add 15 ml of water, 50
mg of sodium sulpbate, 5 ml of dilute ammortia solution
and 20 ml of 0.1 N silver nitrate, shake and filter; to the fil-
trate add 10 ml of dilute nitn’c acid. The opalescence pro-
duced is not greater than the standard opalescence ob-
tained in the limit test for cblon”&s, Appendix 3.2.2.

SLILPHATE- Dilute 1 ml with 50 ml of water and add 1 ml
of ban”um cblon’de solution. The turbidity produced
should not be greater than the standard opalescence ob-
tained in the limit test for st.dpbates, Appendix 3.2.8.

NON-VOLATILE MNTRR - When evaporated on a water-
bath, and dried to constant weight at 105°, leaves not
more than 0.5 ~r cent w/w of residue.

ASSAY - Weigh accuratelyabout0.6g intoa stoppered
flaskcontainingabout10ml of water, dilute with 25 ml of
water and titrate the free iodine with 0.1 N sodium tbio-
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PHYSICAL TESTS AND DETERMINATIONS

TABLE 2

Size Kinematic Volume Bulb C
No. Viscosity Range (ml)

(Centistokes) (* 5%)

1

1A

2A

3

3A

4

4A

5

3.5” to 10

5 to 30
Z()(()loo

60 to 300
200 to 1100

600 to 3000”

2000 to 10,000

6000 [0 30,000

20,000 to 100,000

350 minimumflowtime;200minimumflowume k~rdlothers~zcs

O.($i

0.84

1.15

1.51

2.06
~,74

3.70

4.97
6.76

h-rside Diameter
of Tube N

(mm)

5.6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

InsideDiameter
ofTube R

(mm) (i2Yo)

2.s [0 3.2

2.8 [0 3.2
2.8 CO 3.2

2.8 to 3.2

3.7 [0 4.3

4.6 to 5.4

4.6 [0 5.4

5.6 [0 6.4

6.8 to 7.5

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= ct.
where

t = time in seconds for the meniscus to fall from
Eto F

C ==the constant of the viscometer, determined
by observations on a liquid of known
viscosity.

Method C : (Using the Rotating Viicometer)

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 m
revolve by the rotation of the first.Under these conditions,
the viscosity becomes a measurement of the angle of clef.
lection of the cylinder caused to revolve, expressed in
newton metres.

Method– Operate the Rotating Viicometer in accor-
dance with the manukrurer’s instructions and car~
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 ~ AND SPECIFIC
GRAVITY

Weight per Millilitre

The weight per millilitre of a liquid is the weight ~ g of

1 ml of a liquid when weighed in air at 2.7, unless
othetwise specified.

Method : Select a thoroughly clean and dry pycnometer.
Calibrate the pycnometer by filling ir 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. is0.99602 g,
calculate the c~pacity of the pycnometer. (Ordinary devia-
tions in the density of air from the value given do not affect
the result of a determination significantly). Adjust the
temperature of the substance to be examined, to about 20”
and fill the pycnometer with it. 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 pvcnomerer at the same tempe.
rature.

Specific Gravity

The specific gravity of a liquid is the weight of a given
voiume of the liquid at 25° (unless otherwise specified)
compared with the weight of an equal volume of uwterat
the same temperature, aHweighings being taken in air.

Method : Proceed as described under Wt.per ml. Obtain
the specific gravity of the liquid by dividing the weight of
the liquid contained in the pycnometer by the weight of
tuatercontained, both determinedat25° unless otherwise
directed’in the individual monograph.
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12831-C

.rr.........-.r ---=. -----...-.- “----------

Hydrazine Sulphate. [ [

C.4S — 30:-9 :-: htdra:lrrej; 1003.4-93-2 /sul-
phare).

_~-~ystals. .%iubie I In about 33 of water, freeiy
uble in hoc water: practically insoluble in alc~
I A 0.2M soiu~jon in water has a pH of 1.3.

H~drazine sulpnale IS cm Ioyed in various indus-
trial processes. 11 is usccl’ in the prqraratiott of
hydrazinc hvdratc which is applied after a solu-
uon of plali;ic chloride for cornea] tattooing (see
Chloroplatinic +cid. p, 1693).
An account of the successful trmtment of industrial
hydrazine pmsonjng with pyridoxine.— J. K. Kirklin ●

al,, New Engl J. Med.. 1976, 294. 938.
A report of fatal choroidal melanoma in a y’orkcr who
had ken exposed 10 hydrazine for 6 years.— D, M.
Albert and C. A. Puliafito (letter), Nrw .Errg/. J. ,$fed,,
!977.296.634
The use of hydrazine sulphatc by a laboratory worker
was asaociamd with the devdopmem of a syndrome
similar to systemtc lupus erylhcma[osus.— P J. Duram
and R. A, Harris (letter). IVrw Eng/ J. Med., 1980,
303, 584.

A discussion of hydrazine sulphale as an mrtineoplastic
agent.— W. Regelson. /. Am. rrrrd AJJ., 198C,243,
337

12832-k

Hydrogen Sulphide. Sulphuretmd Hydrogen.
H$=34.Og.

CAS — 7783-06-4.
A colourlcss inflammable gas with a characteris-
tic odour: the intensity of the smell gives no
indication of concentration.

Adkerse Effeers. Hydrogen srzlphidc poisoning is a
common industrial hazard and is encoumcred in
such places as chemical works. mines, sewage
works, and stores of decomposing protein: con-
centrations of O.I to 0.2% in the a~mosphere may

*fatal in a few minutes. Pulmonary irrigation,
tma, and respiratory failure usually occur
r acute poisoning: prolonged exposure 10 low

-mncentra[ions may give rise 10 severe conjuncti-
vitis with photophobia and cornea] opacity, irrita-
tion of the respiratory tract, rhinitis, bronchitis,
stomatitis. pharyngitis, digeslive disturbances,
headache, Iassnudc, and skin rashes. There are
some similari~lcs to poisoning with cyanides.
A discussion of pmomng by hydrogen sulphldc.— Lm-
crr, 1978, 1, 28 Comments — A Dow nie (Ie[ter). lbld..
219. C. H B Btnm (le~ler), ib~u’ 501. A Downic (let-
ter). ibd
Concentrations of akmul 200 ppm caused Irritation of
the respiratory tract and, on prolongd exposure. pulmo-
nar> oedema ToticI!y to (he CKS could occur suddenly
a[ conccntra~ ions in excess of 500 ppm and immediate
death mtght follow conccntrauons in excess of
10&l ppm Irrtcatlon 10 the eyes cwcurred a: concenwa-
t)ons of less than 50 ppm.— Methods for Ihe Defection
of Toxic Subsraxes tn Air, H.vdrogen Sulphidc, Lon-
don, HM SIauoner>office. 1969.
Further reference. W. W. Burnett er al., Cart med.
,-ss$ J., 1977, 1 /7, 1277; R. P. Sm]th (letter), lb~d..
1978. //8, 775: iv. W Burnetl and E. G. King (letter),
tbtd., 776, J Am med Ass.. 1978, 239, 1374

Treatment of \dverse Effeets. After exposure to
hydrogen sulphlde place the patient in fresh air,
g]ve inhalations of oxygen and, if necessary,
assist the respiration. Antibiotics may be neces-
ssrj if pulmonar) infec:ion occurs The conjunc-
tival sacs should be carefully washed out if eye
Irrlta lion is se! ere
In severe Pasoning. amyl nitrite inhalation and
sodium ni:rite b! intravenous injection have been
suggested. -

A brief review of the management of sulphldc poison-
ing — R P Sm; lh and R E Gosseiln, A Ret Phar-

mac & TOXIC., 1976, /6. 1S9.

.A c successful {reatmcn[ 01 a 47-year-old man with
rc hydrogen sulph]dc Pmsoning us)ng oxygen, amyl
IC irthal~tlons for 30 seconds out of each minute for

5 mmuws. and then sodwm nltrltc 300 mg In(ravenoud!
[or 3 mmutes Treatment was ajmed al cmduting mec-
haemoglobuzaemia 10 macuvale the sulphide In addillon
he raewed sodmrm thmaulpnatc 12.5 g b} intravenous
mjectnon — R J .%nc e! al., 4nn. trrrerrr Med.. 1976.
85, 756.
Further references R. P Smith and R. E Gossclln, J
OCcUp. Med.. 1979, 21, 93

Uses. Hydrogen sulphide IS widely employed In
many industrial processes.

12833-a

Hydroxyestrone Diacetate. I&-H ydroxy-
tseatrone Diacet.me. 3, 160-Dihydroxyestra-
1,3,5( 10)-trien- 17-one diace[atc.
C21H2605 = 370.4.

CAS — 566-76-7 (hydroxyestrorze); 1247-71d
(diocetote).

Hydroxyestrot-te diacetate is a derivative of
oeatrorte. It is claimed to have minimal systemic
ccstrogenic effects when given by mouth but to
retain effects on the vaginal mucaaa. It is used in
the treatment of vaginitis and associated disord-
ers.

Proprietary Nmrres
Colpogirzon (Eoizof. Spairrh Colpogynesn (Lzborrslorfcs
de I“Hepatrol, Switz.): Colpormc+r (Millet, Arg.:
Anphar-Rollorrd. Fr.).

12834-t

Hydroxyethylpromethazine Chloride.
(2-Hydroxyethyl )dimethyl[ I-methyl- 2-(phen-
othiazin- I&yl)ethyl]ammonium chloride.
C19H25ClN10S=364.9.

CAS — 764743-4 (hydroxyeth.vlpromerha:irrrj:
2090-54-2 (chloride).

Hydroxyethylpromcthazine chloride is an anti.
histamine.
Proprietary Natrtea
Aprobh (Reclp, Swcd )

12835-x

Hydroxymethylnicotinamide. NicotinY]me-
thvlamide: N-Hvdroxvmethvlnicotinamide. N-
H~droxyrnethyl~yridi;e-3-c;rboxamide.
C7HgN101=152,2.

CAS — 3569-99-1.

Crystals. M.p. 1410 to 142°. Sparingly soluble in
waler and alcohol: freely soluble in hot water
and alcohol.

Hydroxymethylnicotmamide is a cholereuc and
has been used in the trealment of various disord-
ers of the gall-bladder.

i 2836-r

5-Hydroxytryptophan. 5-HTP; Ro-0783/B.
2-Amino-3-(5-hydroxy- lH-indol-3-yl)propionic
acid.
C,, H,2N101=220.2

CAS — 56-69-9.

NOTE.The form of S-hydroxytrvptophan used clinicall)
is generally !he L-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 defrc]ency.
Changes in mood, mostly elevation, were observed in 7
neurological patwnts without affec!ivc disorders and I
healthy 5ubJWl given L-5.hydroxylryptophan 100 10
300 mg by [intravenous !nfuston !n sodium chloride mjcc-
Lion. Carbidopa was also g]vcn to reduce !hc severity of
vomiting which alwavs occurred 30 10 90 minutes afwr
Infusion and to increase [he amount of L- S-hydrox).
tryptophan entering the brain Vcurmoxicity o-ccurrcd

~l:r, aOSeS of 2CXI mg and above and mduded ddahllm

of :n: pIJpil, hypci-reftcxla. ataxta. and d?~rthrla ~
wls some similarity 10 the effects Of a cOhol — M -fm
mo:e w al. (Ielmr). bnc~l, 1975. 1. 563 See al~ ~
H Greenwood er al.. & J clln Pharmw, 197s, ~

16$

Secrc insomnia in a 33-y= r-old woman followj”g ~
roac acc!dcnt responded to A Consccutlve nghtl! I&

O( ..<. hydroxyrryplophsn tolaiimg 3 g.— M Webc ~ti

J G Kirker (leuer). Lnnccf. 1981, /. 1365.

,Manganese poisoning. A bznefi:ia I response, m ~L.L
h)o:oxytryptophan. up 10 3 g dady. was achtevtd ,n ~
~tltn( in whom the sympusms of manganese WtSO”,ng
faiirn to respond to levodopa.— 1. Mcna er al., ,\a

Engl. J Med., 1970.282.5.

Measd diaorierz. Of 107 Patienls with endogc~
depression given L-5-hydroxywyptophan dady m dlmd~
doses by mouth for a! least 5 weeks. the mlJ~~$
rap’dly obtained a beneficial response.— 1. S~
Munch. mtd Wschr.. 1972, 114. 1713, per J. Am w
AS,., 1972, 222, 1085. Further studm in depression X,
S. Kfine et al,, Am. J. Psychia/., 1964, 121, 379, ~
]N pharm. Abstr.. 1965, 2, 918; T. Persaon and B +
Roos (letter), Lzrrre[. 1967, 2. 987: G. d’Elia t[ */-
ACW psychfa!. stand., 1978, 57. 239; L. J. VanH,ele
Neuropsychobiology. 1980, 6.230.
After oral administration of .L-~-hydroxylry plophan IAIU

? ~rlpheral d~rboxyla=. Inhlbllor. mild, 10 modcmw
Improvement was obtained m 6 of 7 chrome undiffer~
tiated schizophrenic patients W~ were, reaistanl to phm.
othiazines. 0f,4 chronic Paranosd ~hizophrenic paIICnu
who were rextstant to phenolhlazlnes 2 became w=
after treatment with S-hydroxytryptophan and I
improved. Some schizophrenic patients might have ZE
abnormality in serotonin merabohsm.— R. J.Wyattsr
al.. Science, 1972, 177. 1124.
Funlser s[udiea in schizophrenia: V. Zarmne CI OJ.
Archs gerr. Psychirat., 1973, 28, 643; R J Wyatt er al.
ibid 29, 597.

Mpdonus. Comment on the use of the investigational
drug L-5-hydroxytryptophan in the treatment of m!d+
mu and the view that in general Its use should be dw
couraged. L-5- Hydroxytryptophan is usually effec:rvc in
pslhypoxic retention myoclonus, a rare condition, bui
ma! exacerbate some other myoclonic syndromes SIg.

nifi~m adverse effects, es~ially gastr~intestmal du.
turbances, are almost unwersal. even when given with I
pm pheral decarboxylasc inhibitor such as carbidopa –
R. R Young. J. Am. med. Ass., 1980, 243, 1569.
L.5. H\droxvtryplophan with carbidopa was adminmcrd

to :3” palt&rts with mycdonus and 16 patients uIrJ
other neurological disorders. Following administration ~
mou:h of maximum doses of 0,4 to 2 g daily with cab
tdorn ICO to MKt mg daily more than 50% improvement
was obtained in 1 I of 18 paiicnts with intention myocl~

nus due to anoxia or other brain damage; only I pa!Icm
obLaln4 no improvement and in 3 It was 90% or morz.
mm: patlenta derived sustained benefit for more than 3
years NO bcnefrl was obtained b> 2 patwnts with atht
IotIc cerebral palsy. 2 with multiple sclerosis, 2 UI~
essen[lal tremor. 4 with tircbellar intention tremor. I
wIlh Infanlile spasms. 2 wrth dystonia musculoru~
de fo:mans, 2 with central pain syndromes. or 3 ‘Ilt
}dlopa[hlc epilepsy; some benefit was obtained in I
fzmcnt wi!h myoclonus epilcpay and In I of 2 patwnu
WIIh familial easemial myoclonus .%de-effeco ]nclud~
anorcxja, nausea, dlarrhoca, and occasional vomiting ad
were reduced by prochlorpera zinc or trlmethobenzamld~
and dlphenoxylate; prior admlnistratmn of carb]dop im
I or 2 days before therapy also reduced the gas[ro+n[~
Iinaj side-effects. During the first week of therap! 3

patients developed dyspnoca followed by hypcrvcnllla[lm
and hghlh=ddn=s. wtth fainting in I, pulmonar> fu~
lion tests remairrcd normal. Varying degrees of menu)
stimulation occurred in 10 patients: these were revcfirblc
on image rcduclion and frcquemlv disap~arcd or dlm~.
mshed aflcr 4 10 6 weeks wIthouI reduction, bu: -
Patients rqurrcd concurrent administration of ~rphe
naz:lc 10 maintain their antimyoclonic dosage. Olhd
side-effects included mydriasis, blurring of vision. aM&
minz! pain. and bradvcardiz, — M. H Van Woer[ /1 ai-
.\r. Engl J Mtd “1977. 296, 70 Comment — T L

Mumat. ibfd., 101.
SIUCICSsuggcating that the trca; m.nt of IntentIon m!e
clon~s with L-5-hydroxytryp[ ophan and carbidOpa l,C 1
7&L =r-old man unmasked an abnormality In his abllll:
[o ‘rctabolisc kynurcnine and resulted In the de$cl~
mer: of a sclercderma- like illness — E M Stern&r~ d
al.. XC+I Engl. J Med., 1980. 303, 782
Fufincr references: D. Chadwick e~ d., bfl~?l. 19’$’1;”
414, J DeL&an a“d J C. Richardson (letter). ibid. ‘-~
J l-! Growdorr er al.. Neuroiog>, Mjrrneap.. 1976
11!! W M Carroll and P. J Walsh. Br. ~C’d J”
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Hydrzstinine Hydrobenzoin

razir csrrraderms L..
md canadine. Syn -
~,drastincs: HOPS et

et aL. ibtd. 1934.
-m. Bu[[. 27, 1947
tmn Lettefi 22, 619
+aworth, Pinder. J

. Narure 165, S29
~ 293, 121 (1960)
tirrers 1963, 859.
n. 29, 2328 (1964):
469). Biosynth=ls
963)

[a]~ – 5a (c =
j18, 238, 298, 316
: 7.8, Freely sol tn
m salts hydrolyze

R. Paech. M. V.
?01. IV (Springer.
116’. [a)~ -127’

mh-l.=slightly sol
5=- oln): 4.2

as .terinc hemo.

vdro.6-mefh,yl. / .3-
-6,7 -methylencrit-

:ine. C ,H,3N01.
6.76% h 23. 16P<
.VilI, Be-r. 20, 86

,[. 241.136(1910).
yman, Rcrrrfry. J

J, Appl, Chcm,
loplpcronylamlne
)13): Roscnmund,
lm aafrole: Klrrd -

Structrrre study

Iy sol in alcohol,

II m cold, moder -
- alcohol are yel -

organic solvents

Debbie, Tlnkl.

dlotonic: u!errnc

lge root; yellow
led rhizome and
C7ceae. ccmte not

I

I

I
,

rsr~ vol. 1,G Brauer, Ed. (Acadmmc Press, New York.
1963) pp 469472, Toxictty data: Witkin, Are/r. lrrd Health
13, 34 ( 1956). Toxicology study: Back, Thomas, ,4rrrr.Rev,
FVsarmaco/ 10, 395 ( 1970), Review of carcmogenicity
siudics f.4RC Morrogmphr 4, 127.136 ( 1974); of toaicologv:
R. von Burg. T. SCo~c, j, APPL Toxicol. 11.447-450 (199-1).

Books: L. F. Audrieth, B,” “A. O&g. The Chemsrry OJ Hy.
drazmc (Wiley. New York. 1951); C. C. Clark. Hydrsrsme
(Mathmxon Chcm., Baltimore. 1953). Reviews Troyan,
Irsd. Eng. Chem. 4S, 2608-2612 ( 1953); Zimmer. Chern Zrg
79, 599-605 ( 1955); Hudson e! a!.. “’Hydrazine’” in Mellor>
vol. VIII. wrppl 11, Nr/rwgen (Parr 2). 69-1 I4 (1 967); Jones
!rr Comprehenstue Inorgamc Chemjst~ vol. 2, J. C. Bailar. Jr
et al.. Eds (Per,gamon Press, Oxford, 1973) p 250-265: H
W. Schlssl m Kirk -Othmer ,ErrcycJopedla OJ Chemical Tech.
nology vol. 13 (John Wiley & Sons, New York, 4[h cd.,

[995) pp 560-606.
Colorless 011)llq, fummg III .mr. Penetrating odor rescm.

bl}ng that of ammon;a. Burns with violet flame. Explodes
during dls!n If [races of alr arc present. also aff=wsf b} uv
and metal Ion catalysm en be stored for years if scaled in
glass and kcp! In a COOLdark place. Flash and fire PI 126’F
(s~c), Contracls on frcczrng. drs 1. 146; d: 1.0253: d:
I 024: d]s I 011: d? 1.0036; d? 0.9955. one gallon of com-
mercial product wcrghs 8,38 Ibs mp 2.W, bp
56; bp$h 17W; bpj~m 2tW. bpma 23C. np l’:t:;9b$
I 46444 DIPOIC moment I 83-1.90. Diclcc!nc constant
(25”), S1 - f..aIcmhat of fu.won (rep): 3.025 kcal Jmolc,
latent heal of vapcrnr.allon (bp) 9760 kcal /mole (talc)
Cnt [crop 38f Ycm! prcssurt 14 alm Dtacldtc bass PKI
(25”). -005 Forms salt% with Jnorganlc acids. Highly
polar Solicnl Powerful rcdumng agent. Dissolves many
lnrrrganic wtrsranccs Mist ulih waler, methyl. ethyl. prop-
yl. mrrbut)l alcohol< Forms an azcotropw mixture wtth
water, bpla 120.3”. which conta!ns 55 mole.% (68.5 wmght-
‘c) NIH4. LDW m mwc (mg; kg): 57 I.,.. 59 oral]} (Wrtkm).

Dlhydrochlondc. H, N1.2HC1. wh!le crystalline powder,
mp 19~. d I 42. Freely sol m waler, dlph!ly !n alcohol

Ccrurlon Potcrrual symptoms of overexposure 10 h>dra-
zrne arc Irn[a!]on of eyes. nose and :hroat, tcmporar> bljnd -
ncss, dtzzmcss. naus~: dermatitis: burns <kin and eyes See
,VIOSH Pocket Guide m Chemical Hazard., (DHHS NI05H
90-117, IQWI p [24 SW ako Patty”s Jndusrrml H}gwne and
Tox~co/ogj, WO1.2E, G D Clayton. F E. Clayton. ~s
(John W’IIC! & Sons, lnc , SCM York, 4th cd., IW41 pp
3435.3441 Hydraz, nc may rcawmabl) bc an!iclpatcd to bC
a carclnogm Seventh .4nnual Rt,porr m Carctnogem (PB”5-
109781. IQ’J4} p 231

LSE. Chcmlcal Inltmncd)alc In manuf of agncultura} :he-
micals. spandcx flbcrs and antloxjdan!s Reducing a~m::
organic h! dramne dcnvs; rocket fuel Dlhydrochlondc as
chlrrnne xcaicngcr for HC1 gas slrcams

4810. Hydrazine Hydrate. H6N,0. mol w! 5006 H
12.08%. K 55 Q6T, O 3 I %-i HZNNH: H20 Prepd frJm
hydrazmc wl[a[c b> [he ac!!rm of NaOH. followed b! dl$:n
under nl:rogm

Fuming rcfr3c!ivc Ilquld, fatnt charac~cnst!c odor 1 )@-

lenl pwson’ Causes delayed eye rrnmrfon. dZ1 I O~. mP
–51 T or below –6Y (Iwo eutectlcs) bplw 1 IS- I IV. bp~
.rT. n~ 1 42842. Strong base. }cry corrosive. attacks gla!s.
rubber. cork. but not stalnlcss VIA steel or Alleghm! $r~]n”
less 304 mrd 347 Molybdenum steels such as Allcghen!
s[alnlcxs 316 should no! bc used. Very powerful reduclfl~

agent Mlscrble with water and alcohol lnsol jn chloro-
form and c!hcr

Mix\ure u,th methanoi. C-Stujj.
USE: Reduc!ng agent, Solkml for lnor~anic materials

Manuf “’Helman” .at:>l:Jst, conslst!ng of 6Wc hydraanc ~!”
drate. 19.57 ethanol. 0.5 IO 0.05% copper, used 10 dcc h!.
drogcn Pcrox)de m V-2 IYPC rockets. Mixture with m~~3-
3“01 as propcllan[-~...,

~ Sot. 56. 3914 as collotds. ~nd sod!u~ h~pochlonte- ma> &-used !ns[cd ~f
[norgonjc Chcm - bleach!ng pouder Adams, Brown, Org S1,n. 2, 37 (IQ12)

- .Vnme index bel”om using lhi.s section.

/

Audrieth, Nicklca. lno%. SYrr. 1, 90 (1939). Industrial
prepn by the action of sodium hypochloritc on urea in the

-CC Of NaOH’ B 10S final Repo~ 36% MOncricff.
,4fan~j Chem. 18, 177 (1947). Revised lab procedures:
Pfeiffer. Slmons. Ber. 80, 127 (1947): Adams. Brown, OW.
Sym cdl. vol. 1, 2nd ed. ( 1941), p 309. Crystal structure:
Nitta er aL Acts Cryst 4, 289 (1951); J6nsson, Hamilton,
ibid 2~, 536 (1970). Revicw of activity and clinical stud-
ies in cancer cachexia: J. Gold, Nutr. Gmrcer 9, 59-66
0987).

OrShorhombic crystafs. Gfass-like plmcsor prisms. d
1.378: Curtis. Jay, J. F’mkt. Chern 39, 39 (1889k d7 2.oItI
mp 254-. S01 in about 33 parts water freely SOI in hot
water. Insol in alcohol. pH of 0.2 molar aq aolsr 1.3.

Note: This substance may reasonably be anticmatcd to bc
a carcinogen: Seventh Annual Report k Ckrcin@ens (PB95.
109781.1994)fS231.

LEE: [n the grawrnetnc estimation of nickel, cobalr and
cadnsi~; in the refimng of rare mcta]~ as ~tioxltint i“

acddcrrng flux for hghl mctads; as rducing agent in the anal-
yais of minerals and slags in acparating polonium from tcf -
Iarium; in tests for blood: for destroying fungi and molds; in
tfse prcprt of h ydrazinc h ydratc.

4812. Hydrazine Tartmte. Hydrazine acid tartratc;
hydrtinc hydrogcn raflrate: hydraritre bitartrate. C4H ,..
N206; mol WI 182.13. C 26.38% H 5.53% N 15.38% O
52.717.. HZNNH>.C4HC0,.

CTSS81S, mp 182-I 83’. [a]# +22. Y. Soly m water at IT
●bout 6 g/ 100 ml. pH of a said aq soln 3.6,

USE: In chemical dcpos!tion of metaJs (silvering mirrors.
etc.): Owen. U.S. pat. 2,801,935 (1957 lo Merck & Co.).

4813. 4-Hydrazinobenzeneaulfonic Acid. p-Sulfophcn -
yfhydrsmne phcrrylhydrazmc-p-sulfonic acid. C6H,NzOjS;
mot w 188.21. C 38.2 WC, H 4.2870, N 14,8g%, O 25.50’70, S
17.04%. Prepn by sulfonation of phcnylhydrazinc: L. Clai-
SCSI,P. Roosen, Ann. 278, 296 ( 1894); by the reduction of p-
diazobcrrzencsulforuc acid: Th. Zjnckc, A. Kuchmbcckcr,
Am. 330, 1 (1 903): L. V Lazccva er 01.. USSR pat. 1,057, -
493 (1983 to Tambo\ Pigment), C.A. 100, 138755q (1984).
Used in rcsoln of 2-pyrazoIlnc cmpds: M, Mukai et a/..
Gm. J. Chem. 57, 360 ( 1979): in isoln of volatile ketones:
W. Trcibs, H. Rtihncrt, lb S4. 433 (1951); in analysis of
~CC amounts of selenium: T. Kawashima er aL, Anu/.
t%itm AcIa 49, 443 ( 1970), twdem. ibid. 89, 65 ( 1977).

o—
H7N— N

~ \ / ’03H

Needles from water. mp 28&. Slightly sol in water,
alcohol

4814. 2-Hydrazinoethgnol. 2-Hydroxycthylhy drazine;
8-hydroxyethylhy drazjnc. Omaflora, CIHsh’lO: mol WI
76. Io. C 31 57?0, H 10,60% N 36.81%, O 21.02% HO-
CHZCH:NHNH1. Prepn from hydrazinc monoh>drate and
2-chlorocthanol: Gansscr, Rumf, HeIv. Chim. Acra 36, 1423
(]953): from hydrazine monohydrate and ethylene oxide:
Gcver, O’Kccfe, U.S. pat, 2,660.607 (1953 to Ea!on Labs.);
from hydrazrnc and ethylene oxldc Brit. pat. 776,113 (1957
to O\ln Mathimon).

Colorless, slightly \lscous IIquid. d 1,11. Onc gallon
weighs 9.26 Ibs. mp -70’ bpl,~ 110-I3W bp~ 145- 15Y.
Flash pr 224-F (l MC). M,sc with water. Sol In the lower
Slcohols Slightly sol In c~hcr

USE: Plant growth regulanl.

481S. Hydrzzoic Acid. Hydrogen azidc; hydrometric
acid; ~rlazolc acid; stlck~lOffwasscr~tOff~aure (German).
UN,: mol V+I 43.03 H 2.34%, N 97.66% Produced by the
SCtion of s“lfunc acid o“ sod,wn tide: L, F, A~dri=~~, C,
F. Gibbs, [na~. .Syn 1, 77 ( 1939): using stcanc acid Giin -
ther, Meyer, Z E/ekrrochem. 41, 54 I ( 1935). Prepn of water
Sad ether c,olns of hydrazolc acjd. W. S. Frost et aL. J. Am.

Chem. sw 55, 3516 ( 1933), L. F Audneth, C. F Gibbs,
bc. cJr.; P W Schc”k In Handbook of Preparative frrorgontc

Chenrmry vol. 1, G Braucr. Ed. (Academic Press, Ncw
York, 2rrd cd., }963) pp 472-474 GC deterrmn: J M Zeh-
~r, R A SIrrronajtls, J Chmm. SCI. 14,493 (1976) Toxic-

ity study: Grahan
Rewew of toxicol,
Patt y‘s fndusIria/
Clayton, F. E. c
York, 1981) pp 1
Comprehensisw Tre
isf~ ?0]. VIII, SU

Jones m Compreh
Bailar Jr, er af, I
276-293.

Mobile liquid. !
plosive! mp — 8C
(mg/kg): 21.5 i,p

CaWion: Acute ,
fall m bled prcssu
hypotension, wcakl

LEE: [ndustnall!
detonators.

4816. Hydrin,
erre}-1,1’,3.3’- (2H,2’
1,1 ‘,3,3’- fetr0rre; r,
322.27. C 67.09%,
tion of potassium c
1. Org. Chem. 23, 1
tion of ninhydrirr u
Cherrr. 211, 907 (19

c1’,

Dihydrate, prism
.eddlsh-browtr at 2(
not water: sol I“ M

;;u%$:j sO&n(d;,

he addn of acid.
blue color with amlr

USE Reagent for :
~clds and simi)ar co:

4817. Hydriodii
water Marketed rr
$7%, d I 5, 10%, d
odidc gas in water
iulftde according to
Frykholm, Inorg S,
Iodide.

Colorless when frc
x brown on cxposu
:an be prevented b!
>hororss acid (H3P0.
“or some ttme are us

oe regenerated w]th i
Ir., Inorg Syn. 2, 211
zir, prejerabiy nor abc
Dissolves iodine. 7
bp7@ 12~, d 1.70, C

~cid, attacks natural
Cau/IOn Strong tr
USE Reducing ag,

maceuttcals, disinfect
malytlcal purposes. s

THERAFCA.T. Expec

4818. Hydrobem
~hmyic:hylmeglycol
H 6.59’_c. O 14.93%.
Fcrrst, Z!ncke, Ann. 1
Chem. .%c. 91. 1390
Rx. 51,2163 (1929):
C. Heath, Bos[on. 1(
[reproved method for
mer: Collet, Synrhesi~

Consu[[ the .Vame Index before using this section,

.@
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aNHmfEl.+% HYDRAZINE
SULFATE
“...Since hvdrazine sulfate provided

relief of a wide sDeCtrurn of cancer

svmDtoms, it mav be recommended for

patients with end-sta~e cancer. ”

‘r...virlua[lv no significant Lintowclrd

sideeffects..~~

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) admitted to
the widespread use of both benzodiazepine and phenothiazine
tranquilizers, which are incompatible with MAO 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. corn/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 fi-om major cancer
centers both from the United States (randomized,
double-blind, placebo-controlled studies and single-arm
studies) and Russia (large-scale, multicentric Phase
II-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 T() 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 Nc:.rt Generation Conmu!er S~s?etns, and is the
property of the Svracuse Cancer Research Institute. 01996, Syracuse Cancer
Research Institute. All rights reserved.

Last modlj?ed on 21 Janua~ 1997.

.n.

http://www,ngen. com/hs-cancer/ 4/29/98
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–—-. ARTICLES—

The following is a collection of articles based on published

–—==%

studies on Hvdrazine 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
may still view the abstract).

~ “Hydrazine Sulfate lntluence on Nutritional Status and Survival in

/’@-

~ No~.sITI~]].~~1]L~ng c~lqce~” [Journalof Clinical oncolo~y 8:9-15,

19901

D
“Results of Clinical Evaluation of Hydrazine Sulfate” [VOPROSY

ONKOLOGII 36:721-726. 1990]

m
“Altered Metabolism and ?vfortalitv in Patients With Colon Cancer
Rcccivirw Chcrnothcrapv” [American Journal of the Medical
Sciences 310:48-55. 19X]

!!!)
“Influence of Hydrazine Sulfate on Abnormal Carbohydrate
Metabolism in Cancer Patients with Weight Loss” [Cancer Research
44:857-861, 1984]

m
“Treatment of Primary Brain Tumors With Sehvdtin ~Hvdrazine

&l!!lWl” [VOPROSY o~oLoGII 40:332-336.19941

n
“Hydrazinc Sulfate in Cancer Patients With Wcitiht Loss: A
Placebo-Controlled Clinical Exm-icnce” [Cancer 59:406-410. 1987]

D
“Anabolic Profiles in Late-Stage Cancer Patients Reswonsivc to

-x

H\drazine Sulfate” [Nutrition and Cancer 3:13-19. 1981]

m
“Effect of Hydrazine SulFate on Whole-bodv Protein Breakdown

Measureci bv ]AC-L}’sine Metabolism in Lung Cancer Patients”
[Lancet 2:241-244. 1987]

D-
- “Hwirazinc Sulfate: A Current Pcrspcctivc” [Nutrition and Cancer

9:59-66. 1987]

u
F “Experience of the treatment with SehYdrin (HYdrazine Sulfate, lZ3)

in the advanced cancer patients” [Investigative New Drugs 13:89-97,

1995]

m

“Use of Hydrazine Sul Fate in Terminal and Preteminal Cancer

Patients: Results of Tnvestiwitional ~ew Drug (lND) Study in 84 &

Evaluable Patients” [Oncolog v32: 1-10. 1975]

___

http: //www.ngen.conYhs-cancer/article-list.html 4/29/98
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AUTHOR:

SOURCE:
NLM CIT. ID:
ABSTRACT:
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MAIN MESH

SUBJECTS:
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MESH
SUBJECTS:

Use of hydrazine sulfate in terminal and preterminal cancer
patients: results of investigational new drug (IND) study in 84

evaluable patients.
Gold J
Oncology 1975; 32(1) :1-10
76101548
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°/0 of the cases improved
subjectively and 14/84 or 17°/0 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°/0) had no concurrent or prior (within 3

months) anticancer therapy of any type. Of the 14 objective
improvements 7 (50°/0) 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 incidence of extremity

paresthesia, nausea, pruritis and drowsiness; there was no
indication of bone marrow depression.
Hydrazines/ADVERSE
EFFECTS/PHARMACOLOGY/* THERAPEUTIC USE
Neoplasms/*DRUG THERAPY/METABOLISM
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TITLE:

AUTHOR:

SOURCE:

NLM CIT. ID:

ABSTRACT:
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MAIN MESH
SUBJECTS:
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v

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 lo~After 1 month, 83°/0 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°A versus 25°/0, 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?40,respectively). Hydrazine toxicity was mild, with
71 ?40of 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 Oto 89 rig/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/*THERAPEUTIC USE
Neoplasms/*COMPLICATIONS/DRUG THERAPY

—.--—
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- Chapter5

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. lt
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 111t~i~ s o~

the National Cancer [nstitute. It is available to ~atients as a “comcms-
f , -

slonate lNIJ ew ~rug], ” a designation con~erre~ by
tion 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-

47
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) L“Immune i ies 57

ers, are your body’s first line of defense. If the cancer cells evade the

natural killer cells, they proliferate and manufacture arrtigens, which are

telltale substances detected by the T-cells,your immune system’s sec-

ond line of defense against tumor growth. Specialized T-cells (or T-/yrn-
phocytes) destroy cancerous and virus-infected cells, (The “r 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-cells. ) Other white blood cells, rnacrophages (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 BCG, a tuberculin vaccine used in the treatment of cancer that

stimulates macrophages to kill cancer cells. Consisting of a weakened strain

of the tuberculosis bacillus, b~G (which stands for baci//us Ca/rnette-

Gudrirr) 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.

hferferon is a family of proteins produced by the white blood cells in

response to viral infection. It stimulates the production of macrophages and

/ym@rocyfes (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.l Today, interferon is ipproved for use in the treatment of two rare

forms of cancer, hairy-cell leukemia 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.

/nter/eukin-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

and renal cancer, but its drawbacks are major and became evident early

on. Charles Moertel, M. D., of the Mayo Clinic, charged that IL-2 is highly
toxic, hugely expensive, and not particularly effective.2 Its side effects
include fever, chills, malaise, swelling of the spleen, anemia requiring
multiple transfusions, severe bleeding, $1 ~ck, and confusion. Treatment
with IL-2, according to Dr. Moertel, may require weeks of hospitalization
in an intensive care unit “to survive the devastating toxic reactions.”3
After a few patients died because of interleukin-2, the National Cancer

Institute, which had eagerly presented it to the public as a miracle drug,
withdrew such claims.4

TrJrrror necrosis factor ( TNF), produced in the body in minute quantities,

seems to kill cancer cells by destroying their cell membranes, although why

this happens is not clear. Side effects occur :agularly; most patients develop

fever and chills as well as some nausea and vomiting. 5 Injected into
cancerous mice, TNF causes their tumors to melt away. It is currently being

tested to determine its potential efficacy in treating human cancer patients.

Some observers believe that TNF, upon which the cancer establishment
has spent millions, is simply tumor antibody, one of the four blood fractions
used by Lawrence Burton, pioneer of a nontoxic immune therapy used i
the diagnosis and treatment of cancer (see Chapter 6),

Monoclonalantibodies are synthetic antibodies created through gene-

splicing, fusing a cancer patient’s white blood cells with his or her cancer
cells. When these bizarre hyhicfomas are reintroduced into the patient’s

body, they manufacture specific antibodies said to attack only the cancer
cells. Attached to anticancer drugs or natural toxins, monoclonals serve

as “guided missiles” by directing the antibodies they manufacture toward
their malignant prey. Still in the investigative stage, monoclonals—like
interferon, interleukin-2f and TN F—promise to be tremendously expen-

sive, a boon to the pharmaceutical-medical monopoly if they are eve
used in cancer treatment. They are frequently touted by the media as the

next cancer breakthrough.

The American Cancer Society freely admits that it will take “many

years to find the proper role of these [orthodox immunotherapy] agents
in cancer treatment.”5 Observers say this means twenty years or more

Meanwhile, the ACS continues to use its enormous power and influence
to restrict or suppress safe, nontoxic cancer therapies that have pro

duced remarkable clinical results in human beings, such as the immune

therapies of Lawrence Burton, Ph.D. (Chapter 6) and Virginia Livingston,

M.D. (Chapter 7), or the biologically based therapy of Stanislaw Burzyn-

ski, M.D. (Chapter 2).

ironically, Co/ey’s mixed bacteria/ vaccine, which has perhaps shown
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a greater cure rate than any other cancer treatment, is totally unavailable.

Dr. William Coley (1862-1 936), an eminent New York City surgeon and
Sloan-Kettering researcher, in the 1890s developed a vaccine made of

bacterial toxins that activated immune-resiskince mechanisms in ca[ 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.

St@age Lysafe,a nonspecific bacterial vaccine made from sta@ry/o-

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 irrter-

/eukirr-1, the predecessor of interleukin-2.

Immune therapies, whether orthodox or alternative, 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. CHLEBOWsKl, MD, PHD,” LINDA BULCAVAGE, MN, RN,* MARY GROSVENOR, RD, MS,t

RAYNELLE TSUNOKAI, 6S,’ JEROME B. BLOCK, MD,” DAVID HEBER, MD, PHD,$

MICHELLE SCROOC, RD,t JOAN S. CHLEBOWSKI, MD,S JOCELYN CHI, MD,*

ENGIN OKTAY, MD,~ STEVE AKMAN, MD,” AND ISHRAT ALI, MD5

Hydrazine sulfate was evalrmtd using 24-hour dietary recalls and body weight determinations before and
after 30 days of either placebo or hydnuirre(60 mg, 3 times/d) oral administrationin 101 heavily pretreatsxl
cancer patients with weight loss. After 1 month 83% of hydrazkre and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P < 0.05). In additio~ appetite im-
provement was more frequent in the hydrazinegroup (63% wrsus 25%,P < 0.05). Althoughcaloric intake
was only slightly greater in hydrazine-treatedpatients, an increased caloric intake was more commonly
associated with weight gain in patients receiving hydrazine compared with those receiving ptacebo (81%
versus 53%, respectively). Hydrazine toxicity was mild, with 71% of patients reporting ❑ o toxic effects.
Hydrarzinesulfate 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 fast dose. Mean
maintenance hydrazine sulfate levels, determined using a spectrofluorometric assay, ranged from Oto 89
rig/ml (mean 45 t 16 rig/ml). These dat%which demonstrate an association between 1 month of hydrazine

v

sulfate adminlstrsttionand body weight maintenance ht patients with cancer, suggest future ctinical trials
of hydrazine sulfate are indicated to definitively assess its long-term impact on important clinical outcome
parameters in defined cancer popuhttions.

Cancer59406-410, 1987.

WEIGHT Loss commonly accompanies cancer de-
velopment and is associated with an adverse

prognosis. 1-3Althou@ intensive calOriCSUPPoft 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,’-’ 3 and it has ken 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.’4 lf this hypothesis is correc%
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 incancerpatientswithweightloss.’3we 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 cance~ weight loss greater than 1070 from
usual body weight; absence of severe hepatic or renal dys-
function (bilirubin greater than 3 mg/dl and/or creatinine
greater than 2 mgJdI); 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
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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-
bcdic, 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.’5
Patients were contacted weekly to assess compliance and
kept daily compliance diaries. The validity of daily com-
pliance diaries was cheeked 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). Totic 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’s’” spectrotluorometric 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 wavel-
ength of 546 nm.

All patients were given defined, uniform dietary coun-
-~ selling based on nutritional status at entry to insure com-

parabilityy of dietary information available to patients on
hydra.zinc or plambo mttnent. The nutritional guidelines
dl patien~ were provided with were designed to duplicate
a routine clinical dietary assessment that would be ex-

$ Etcd to k a component of a cancer patient’s standard

t

,.,,
:.,J.,,..,,!,.

TABLE 1. Pretreatment Characteristics of Cancer Patients Reeeiving

Hydrazine Sulfate or Placebo

Treatment received

Hydrazine Placebo

Number entered 71 30

Agein years
Median 56 59
Range 32-77 36-77

Sex (9cMale) 61% 65%

Diseas&type
Lung
Colon
Other breast
Esophagus
Nasopharyngeal
Hepameellular
Ovarian

Prostate

46 15
13 4
4 3
2 3
3 I
1 2

1
i 1

Performancescore
(Oorl) I4% 23%
(2or3) g6% 77%

Nutritional status
% Weight loss (mean) I7% 14%

C2donc intake
S0% of RDA
<90% of RDA

39%
61%

41%
59%

Albumin grn/dl (Mean) 3%4 3.3

Concurrent chemotherapy 78% 74%

RDA:recommendeddailyallowance.

clinical management. Enteral tube feedings or parenteral
nutritional support was not given any patient while on
study.

A total of 10I patients with advanced cancer undenvent
initial evaluation. Sixty-one consecutive patients (includ-
ing all 30patients given placdw and 31 given hydrazine)
were randomly assigned treatment in a double-blind fash-
ion 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 I 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 1 and
2). The compromised nutritional status of the study POP
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TABLE 2. ConcurrentChemotherapyofCancerPatientsReceiving
Hydrazine Sulfate or Ptacebo Acmrdhg toDiWSW_fYPC

Study arm

Chemotherapy given Hydmzine Placebo

Lung cancer (n) 46 15
PAC& 15 4
PVB 12 7
ACCQ 9
ACO 2 :
No chemotherapy 8 2

Colon carmr (n) 13 4
5-R-J 2 1
5-FU+ vitamin K 7 1
No chemotherapy 4 2

Other disease sites (n)” 12 11
No chemotherapy 4 3

P cisplatin (Platinoll A: doxorubicin, (Adriamycinl C: cyclophos-

phamide: c CCNLJ; O tirtcrkine (Oncovinh 5-FU:5-tluorouracil; V
vinbia.stine; B: bleomycin; 5-FLJ + tit K 5-tluorouracil plus vitamin KJ
(Synkavite).

● The patients with other diseasesites receiveda varietyof 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 influenceof 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%f 53%

Improvement in appetite 63%t 25%
Caloric intake increased

(> 10% over baseline) 51% 37’%
Increawd caloric intake
associatedwithweish~
gain (>2.5 kg) - 81%t 53%

● Numter completing initial and repeat study.
T P< 0.05 hydrazine compared to placetmgroup.

observation. Anthropometrics were unchanged over the
30-day study period. Caloric intakewas only slightly
higher in the hydrazine treated population. When all pa-
tients experiencing an increase in dOriC intake were con-
sidered, however, weight gain was seen in a significantly
higher proportion of patients recei~ng hydr=ine sulfate
while increasing caloric intake compared Mth those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were closely compamble 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 recei~ng hydtine
or placebo who were entered as part of the randomized
trial were: weight maintained or increased, 7 I% versus
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus 3770; 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 n~ml with a mean value of 45 f 16
rig/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 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
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who increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have repotied’s 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. lf
this hypothesis can be confirmed, hydrazine sulfate could
represent one of a new class of metabolic/hormonal
agents’9-21 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-am
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parameters. 15s22
In the American experience, Gold22 reported that 70’%of
the treatment group demonstrated subjective improve-
men~ including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or decreasd pain, as measured
by need for analgesics. In the Russian experience,
Gershonotich]5)23 reported that 509i0of patients receiving

.Aydrazine sulfate as their sole therapeutic intervention
ieved moderate or marked improvement in cachexia

~lth associated favorable symptomatic effkcts on appetite
and pain. Not all clinical studies ofhydrazine 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*26The clinical effects ofhydrazine

sulfate on body weight observed in the current study in
conjunction with the metabolic effects of hydrazine that
we reported in 198412now 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
1-month observation period. This result in the placebo
population may have been related to the nutritional
counseling that was given in identical fhshion to patients
on both treatment arms in this study. Placebo controls
clearly are impmlant 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

&lfateinfluence on this parameter. Almost all of our pa-
tients with advanced solid tumors refktory to initial
therapy, however, demonstrated no change in tumor di-
mensions during the 1-month period of observation.

TABLE 4. Patient Tolerance of Hydrazine
Sulfate or Placebo Treatmenf

% of Patients Treated

Hydrazine Plado

No toxic effkcts 71% 84%
Nausea and vomiting

Mild i~$$ 1~~

Moderate 5% O%
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,*5’z2’23only one report h= emp-
hasized significant toxicity; Ochoa and coworkers24 re-
ported a 50% incidence of polyneuritis associated with
hydrazine sulfate use in a 29-patient experience, in three
trials ‘522”2sand the present report, polyneuntis 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 pharrnacokinetic component of this trial. However,
these results are consistent with developing pharmaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration. 17These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulato~ 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
canmr 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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Use of Hydrazine Sulfate in Terminal and Preterrninal Cancer
Patients: Results of Investigational New Drug (IND) Study in
84 Evaluable Patients

Joseph Gold

Syracuse Cancer Research hrstitue. Syracuse, N.Y

Key Words. Hydrazine sulfate therapy in advanced cancer patients . Treatment of ad-
vanced human cancer with arrti-gluconeogenic drugs. Interruption of cancer cachexia
as a means of cancer chemotherapy , Interruption of ghsconeogenesis as a means of

_—___ cancer chemothempy

Absfruct. In a series of 84 various evaluable disseminated cancer patients treated with
hydrazine sulfate as a result of a pharmaceutical-sponsored investigational new drug (lND)
study, it was found that 59/84 or 70 % of the eases 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 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
orrtyafter the addition of hydrazine suffate 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 incidence of extremity paresthesia, 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 -
kirtase (PEP CK) reaction, attenuating host energy loss as a result of increased
ghtconeogenesis in cancer and therefore interrupting the sysfemic cycle of fu-
mor-energy gain–hosr-energv 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. ln
further reports (4), in which hydrazine sulfate was used in conjunction with
conventional chemotherapy in patients with disseminated neopIasia, 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 cam of various
terminal and preterminal cancer patients, indicates a high degree of anticancer
activity in patients treated with hydrazine sulfate alone.

Proceduresand Protocols

Physician selection. This study was the result of separate inputs of many clinicians –
oncologists as well as others – whose participation was under pharmaceutical lND sponsor-

ship. As such, this study is designated as ‘uncontrolled’.
Patient sefection. Patients with any type of disseminated neopfasia, who no longer

responded to chemotherapy and/or radiation, were considered el~lble for hydrrszine suffate
therapy. A minimum prognosis of 2 months was recommended.

Drug and protocoL The drug consisted of 100% purity hydrazine sulfate mixed with

an inert starch in capsular form (pharmaceutical [ND 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 acceptableifh was no longerproducinga demonstrableanticancereffectby
itself.

Data presenrafion. A 4-sheet data page (’Patient Report Form’) was required to be
completed by the clinicianduring the course of treatment of each patient. These data sheets
included the following information: detailed history, site of tumor and metastasis, prior

treatments (defined in this study as any type of anticancer therapy given within 3 months of
the initiation of hydrazine suffate 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.

Cn’reria 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 ctinician’s statement under ‘clrnician evaluation’
sect,m. In general a subjective Improvement was based on a quantitatively measurable or
estimable parameter such as strength (number of hours ambulatory, quafity of ambulation,
etc. ), appetite (foti intake), weight (Kale 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

1, this category was to be supported by related laboratory measurements, where possible.
Criteria jor rfesigrurtiorfas ‘noneualuubte’. Cases were deleted from evahratlon for any

of the following reasons: (a) inadequate prognosis: patient survival of less than 3 weeks;
(b) inadequate drug trial: drug trial of 1%s than 3 weeks; (c) insutllcient 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’, md 25 (30 %) as ‘no improvement’. The indicated overall improvement
K&.

1
~,

,:
TableI. Categorization of evafuable cases in Investigational New Drug study of hydra-

zirte sulfate

Site and/or type Objective Subjective No Total

of primary tumor and
i

improvement improvement cases
,, subjective only,!?

improvements,;.:-
,.

~

. . . Brain (astro, gJio) 2 0 0 2
Breast (afl) 2 6 2 10

i
;$ Colorectal-gastric 2 12 8 22.,
?- Gallbladder 1 0 0 1
:. Hodgkins, stage lV o 0 2 2
,. Liver (primary)i. 0 0 1 1

2~ Lurrg (all) 2 11 2 15
i, Melanoma o 1 2 3..’,.

Neurosarcoma (neck) o 1 0 1

=:, ovary (afl) 1 3 1 5

,;,. Pancreas 1 4 3 8
~- Primary unknown o 2 0 2

● Restate o 1 2 3,,.
t ,. Squamous cell (neck) o 1 0 1

gf ‘estis o 1 0 1
Tonsil(palatine) 1 0 0 1
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Table If Nonevaluablecases:reasonsforexclusionfromevaluation

Inadequate prognosis Inadequate drug trial, Insufficient New concurrent Total
suMval time, weeks weeks on drug data Cytotoxic cases

chemotherapy

O-1 1-2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
I I 1 1

31 25 15 3 74

rate was 59/84 cases, or 7090. 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 1 and 11, 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 incidenct 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 disordem (effusions, jaundice,
etc.). An additional 2 (14 70) 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.) AH objective responses were also accompanied by
tumor-related laboratory improvements, where measured.

Subjective responses. A totalof45 cases displayed subjective improvements
only; this number, added to the foregoing 14 CWS, gave a combined total of 59
subjectively improved cases. 48 (81 ’70) of these showed an increase in appetite
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Table 111. Response analysis in improved cases

No con- Concur-
current rent
or prior anti-
ant i- cancer
cancer (incl.
therapy cyto-

toxlc)
therapy

Concur- Concur- Concur- Prior Prior Prior Total
rent rent rent cyto- steroid radia- cases
steroidsteroid steroid toxic therapy tion
therapyand and therapy therapy
only prior prior

cyto- radiation
toxic therapy
therapy

Objective 7 3 1- 1- 1 1 14
responses (50 %) (.21%) (7%) (7 %) (7 %) (7%)

Subjective 18 17 5 1 — 3- 1 45
responses (40 %) (38%) (11 %) (2%) (7 %) (2 %)

with either weight gain or a cessation of weight loss. 48 (81 %) showed an
Jpprovement in performance status as measured by an increase in strength,

.—
“julation or both. And 21 (36 %) showed a decrease in pain as measured by a

-minuted 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 111.hr 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 70) did receive concur-
rent or prior anticartcer therapy.

‘NoImprovements’
Of the 25 ‘no improvement’ cases 2 (8 %) expired within 3–4 weeks after

initi~tion 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 dt-ug tri~ of only 3–4 weeks, and 14 (56%) had concurrent anti-
~cer therapy wtich consisted of cytotoxic drugs, radiation, steroids or combi-
mtions thereof, In only 5 cases weretheseforegoingconsiderationsnotafactor,

ie.,thepatienthadm adequateprognosis and drug trial, had no concurrent or
priorantic~certherapy, and had sufficientinformationsubmittedon his Pa-
tient ReportFormtosuppofiacategorization of ‘noimprovement’.
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Nonevaluabie Cases
The general breakdown of categories of the 74 nonevaluable cases is given

above and in table 11.Of a total of 31 of these cases excluded from ewduation
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 paresthesia (5 $%);this condition
was diminished or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin B6) 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 skiis or transienr 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-
evahsablecases.

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
assessedas 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 3 1/74 or 42 % of the nonevaluable cases were so designated
because of a SUMVd tie of 3 weeks or less, while in the nonirnproved categosy
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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 nonewduable
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 imprope-
r 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
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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 fictie 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 ‘turner-specitlc’ 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 preterrninal.
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 thii 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 earl” 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 thow 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. [f
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‘i positive responses can be obtained in terminal patients – as indicated in this

k, study – it seems only reasonable that a greater degree of positive response could
‘. 6e expected in early patients, as is the case with many other anticancer modali-
; ties.

“q
X. . Side Effects

The side effects of hydrazine sulfate are indeed of a very minor nature as,..
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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
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Hydrazine sulfate was evaluated using 24-hour dietary recallsand body weight determinations before and
after 30 dav of either ptaceboor hydrazine(60 mgj3 times/d) oral administrationin 101 heavily pretreated
cancer patients with weight loss. After 1 monttk 83% of hydrazine and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P e 0.05). In additio~ appetite im-
provement was more frequent in the hydrazinegroup (63% versus25%, 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).H ydrazine toxicity was mild, with 71% of patients reporting no toxic effects.
Hydrazine suifate circulatory levels were obtained from a subset of 14 patients who completed 30 days
of treatment with a single sampte obtained in the morning at ieast 9 hours after the fast dose. Mean
maintenance hydrazine sulfate ievei%determined using a spectrofluorometric assay, ranged from Oto 89
rig/ml (mean 45 f 16 rtg/ml). These daw which demonstrate an association between 1 month of hydrazine

.

suifate administration and body weight maintenance in patients with cancer, suggest future ciinicai trials
of hydrazirsesulfate are indicated to definitively assess its iong-term impact on important clinical outcome
parameters in defined cancer populations.

C’anccr59:406-410,1987.

WEIGHT Loss commonly accompanies cancer de-
velopment and k associated with an adverse

prognosis. 1-’Although intensive eaioric 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 w As a resuit, consideration of potentiai mechanisms
underlying the development of weight loss in the cancer
population has ied to development ofaltemative strategies
for clinical intervention in these patients. Altered glucose
metabolism is a common metabolic abnormality in cancer
patients with weight 10SS,7-t3 and it has been suggested
that the inappropriate activation of pathways of glucose
metabolism ieads to futile cycling and cachexia devei-
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14 If thi5 h~thesis is COrrmTopment in this population.
amelioration of the abnormal carbohydrate metabolism
could provide a thempeutic 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 abnormai glucose
tolerance and reducing the increased glucose production
rates seen in cancer patients with weight ioss. 13We now
report clinical observations on short-term hydrazine sui-
fate use in a cancer population with weight loss using a
prospective piacebo-controlled study design.

Materiais and Methods

The criteria for inciusion in this triai were: a diagnosis
of advanced cancen weight ioss greater than iOVOfrom
usual body weight: absence of severe hepatic or renai dys-
function (bilimbin greater than 3 mg/di and/or creatinine
greater than 2 m~dl); and normai mentai status. Patients
with a known history of diabetes mellitus or those receiv-
ing corticosteroid therapy were ineiigjbie. 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
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Ior 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 parametem, 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 of60 mg, 3 times/d given
before meals, was reached beginning on the 8th day. This
program was based on the extensive Russian expenence.15
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

_fi ~igent, the assessment of body weight, caloric intake, and
‘ther pammeters was repeated.

During the initial and repeat evaluation, all patients
received determination of bcdy weight measured on the
same printing scale; anthropometrics, including tricep
skinfold thickness, mid-arm muscle circumference, and
serum albumin; caloric intake usinga 24-hourdietary

recallhistoryobtainedby nutritionistsand computeran-

alyzedtogiveprotein,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 aIlowance (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. Hydmzine sulfate levels were mea-
sured using a defined’b’” spectrofluoromettic 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 dietaty coun-
.~-. selling based on nutritional status at entry to insure com-.

parability of dietary information available to patients on

hydrazine or placebo Vestment. The nutritional guidelines
all patien~ were providedwith were designed to duplicate
a routine clinical dieta~ assessment that would be ex-

~~,,,PtZted to be a component of a cancer patient’s standard:*

$:..

TABLE 1. Pretreatment Characteristics of Cancer Patients Receitirrg

H ydrazine Sulfate or Placebo

Treatment received

H ydrazine Placebo

Numkr entered 71 30

Age in years
Median 56 59

Range 32-77 36-77

Sex (9c Male) 61% 65%

Disease type
Lung 46 15
Colon [3 4
Other breast 4 3
Esophagus 2 3
NasophaUrrgd 3 I
Hepamcellular 1 2
Ovarian 2 I
Prostate o 1

Performance score
(Oor i) 14% 23%
(2 or 3) 86% 77%

Nutritional status
% Weight loss (mean) I 7% 14%

Caloric intake
#XYb of RDA 39% 41%
<90% of RDA 61% 5%

Albumin gm/dl (Man) 3.4 3.3

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 of101 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-
ion with treatment assignment based on published ran-
dom-num&r 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 t test. The sta-
tistical differences between hydrazine and placebo treat-
ment were determined using the two-group 1test.

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
to 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 Ptaabo According to Dim TYW

Study arm

Chemothempy given Hydrazine Ptaeebo

Lung cancer (n) 46 15
PACeQ IS 4
PVB 12 7
AC& 9 2
ACO 2 0
No chemotherapy 8 2

Colon cancer (n) 13 4
5-FU 2 1
5-FLJ+ vitamin K 7 I

No chemotherapy 4 2

Other disease sites (n)” 12 1[
No chemotherapy 4 3

P cisplatin (Platinol); A: doxorubiein, (Adriamycinh C: cyclophos-
phamik, c CCNU; O vineristine (Oneovink s-m 5-fluorounwiI; V:
vinblastine B bleomycin; 5-FLJ + tit K 5-tluoroumcil plus vitamin KI
(Synkavite).

● The patients with other diseaw sites received a variety of regimens
which included cisplatin in 62% and 50% ofinstancesfor 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 afler 30 days of treatment
(41 were given hydrazirte; 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
thetapy (83% versus 53%, respectively; P < 0.05). The use
of weight loss as a study parameter was not compromised
by the development ofascites 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 Los-s

Hydrazine Placebo
n=41* n=17

Weight maintaind 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 53%

o Number completing initial and repeat study.
t P< 0.05 hydmzine compared to Placch group

observation. Anthropometri= were unchangd 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 hydt=ine sulfate
while increasing caloric intake compared with those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were closely comwmble in
the 31 patients entered as part of the mndomized trial
when compared with the 40 patients added as a consec.
utive series. The results for the patients receiving hydtine
or placel-m who were entered as part of the randomized
trial were: weight maintained or incrti, 7 I% versus
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus 37%; and increased caloric
intake associated with weight gain, 77% ver.szf.s53% for
the hydrazine versus placeba 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 cmcer 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 rig/ml with a mean value of 45 ~ 16
rig/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 u% (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 patienk 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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W,IO increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have reported 18between 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
agents19-21 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-am
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parametem. 1“21
In the American experience, Gold22 reported that 70% of
the treatment group demonstrated subjective improve-
men~ including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or dem=ed pain, as measured
by need for analgesics. In the Russian experience,
Gershonovichl 5023reported that 50% of patients receiving
J-vdrazine sulfate as theti sole therapeutic intervention

.-.
leved moderate or marked improvement in cachexia

.ih associated favorable symptomatic effixts 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&2bThe clinical etlkcts ofhydrazine

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 deftned cancer populations.

Surprisingly,thirty-seven percent of weight-losingcan-
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 =ss
nutritional parameters in cancer populations.

The study protocol employed in our trial was not de-
signed to assessthe influence of hydrazine sulfate on tumor

growth cha~cteristics. The short 30day period of treat-
---.ent and entry criteria preclude asessment of hydrazine

Afate 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 Hydra.zinc
Sulfate or Placebo Treatment

% of Patients Treated

Hydrazine Plaabo

No toxic efkcts 71% 84%
Nausea and vomiting

Mild 12%” I~~

Modemte 5% O%
Light-headedness 17% 6%
Treatment discontinued for toxic elkcss 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, i5.22*Z3only one report has em-

phasized significant toxicity; Ochoa and coworkers24 re-
ported a 50% incidence of polyneuntis associated with
hydrazine sulfate use in a 29-patient experience. ln three
tn~S15.22.25 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 circulato~ levels observed
in the pharrnacokinetic component of this trial. However,
these results are consistent with developing pharrnaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration. ‘7 These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulator 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+ontrolled 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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Useof Hydrazine Sulfate in Terminal and Pretenninal Cancer
Patients: Results of Investigational New Drug (l’ND) Study in
84 Evaluable Patients

Joseph Gold

Syracuse Cancer Research Institue. Syracuse, NY

Key Iikwds Hydrazine sulfate therapy in advanced ancer patients. Treatment of ad-
vanced human cancer with arsti-gluconeogenic drugs. Interruption of cancer cachexia
as a means of cancer chemotherapy Interruption of gluconeogenesis as a means of

carmr chemotherapy
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Abstract. In a series of 84 various evafuable 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 objective] y. 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,
disap~azanu 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 concrsr-
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 u~ter 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 incidence of extremity parestheslas, nausea, pruritis and
drowsiness; there was no indication of bone marrow depression.

Hydrazine sulfate has been used as an investigational new drug (lND) for
over 1 year in the treatment of advanced cancer. Its proposed mechanism of
action is as a ghsconeogenic 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 tu-
mor-energy gain–hosr-ene~ loss (tumor growtl-host cachexia) (1, 2). Early
reports indicatedthat hydrazinesulfate, administeredorallyto advancedcancer
patients, resultedin markedsubjectiveand objectiveimprovements(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 imp-
rovements 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 ewduable cases of various
terminal and preterminal cancer patients, indicates a high degree of anticancer
activity in patients treated with hydrazine sulfate alone.

Proceduresand Protocols

Physician selection. Ths study was the result of separate inputs of many clinicians –

oncologists as well as others - whose participation was under pharmaceutical [ND 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/orradiation,wereconsideredeligible for hydrazine sulfate

therapy. A minimum prognosis of 2 months was recommended.
Dmg and prorocof. The drugconsisted of 100 % purity hydrazine sulfate mixed with

an inert starch in capsular form (pharmaceutical [ND 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.1.d. as maintenance. In patients weighing less than 50 kg, dosages were halved (i.e.,

30 mg q.d. X 4; 30 mg bid. X 4; then 30 mg t.i.d. ). In the even( that a b.i.d. schedule
produced satkfaclory results, this dosage schedule was maintained at the clinician’s discre-
tion. In no event was a singfe dosage ever to exceed 60 mg.

Concurrerrr anticancer medication. The continuing use of concurrent antimncer 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 metastasis, prior
treatments (defined in this study as any type of anticmreer therapy given within 3 months of
the initiation of hydrazine sulfate therapy; prior treatment data included dates of therapy,
types and quantltatlon), concurrent medications, performance status evaluation, objective
tumor size and site evaluahons, subjective observation ratings and check list, laboratory
data, clinician’s statement of patien( evaluation prior to hydrazme suffate therapy, clini-
cian’s statement of evaluation of results of hydrazine sulfate therapy, clsnician’s evaluation
of side effects of hydrazine sulfate therapy, and clinician’s signature.

Cn’teria for designation as ‘improvement!’, Designation of subjective Improvements was
made on the basis of Improvements indicated m the subjective observations rating check fsst
andor affirmation of Improvement in the clinician’s statement under ‘clinician evaluation’
sect)on. In general a subjectwe 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 ne~ for
analgesics). Objective lmprovemen ts were designated on the basis of measurable reduction in
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tumor size, long-term (1 year or more) ‘stab ihzed condition’ in a previously rapidly growing

neoplasm, and disappearance of or reduction in neoplastic-associa ted disorders. Each case m
,. this category was to be supported by related laboratory measurements, where possible.

Oitena 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 18ssthan 3 u’eeks; (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
artd 74 nonevahrable. Of the evaluable cases 14 (17 %) were categorized as
‘objective (and subjective) improvement’, 45 (54%) as ‘subjective improvement

. ---- ------ . . . . . . . . ,,
only’, and 23 (W Yo) as ‘flo improvement’. 1he mcllcatea overatl Lrnprovemen[

Tabfe 1. Categorization of evaluable cases in Investigational New Drug study of hydra-

zine sulfate

Site and/or type Object ive Subjective No Total

of primary tumor and improvement improvement cases

subjective only

improvements

Brain (astro, gho)
Breast (at!)
Colorectalgastric
Gallbladder
Hodgkins, stage IV
Liver (primary)
Lung (atl)
Melanoma
Neurosarcoma (neck)

ovary (all)

Pancreas

Rimary unknown

Restate

2

2

2

1

0
0
2

0
0
1
1
0
0

0
6

12

0
0
0

11
1
1
3

4

2

1

0
2

8

0
2

1

2

2

0
1
3

0
2

2

10

22

1

2

1

1s

3

1

5

8

2

3

Squamous cell (neck) o 1 0 1

Testis o 1 0 1

Tonsil(palatine) 1 0 0 1

Urinary-bladder, ureter o 1 2 3

Uterus (cervix) 1 1 0 2

Uterus (endometrial) 1 0 0 1

Total 14 45 25 84
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Table 11 Nonevaluable cases: reasons forexclusion from evaluation

Inadequate prognosisInadequatedrugtrial,InsufficientNew concurrent Total

sutival time, weeks weeks on drug data cytotoxic cases

chemotherapy

O-1 1-2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
L J I 1

31 25 15 3 74

rate was 59/84 cases, or 70%. Of the nonevaluable cases, 31 (42 %) were irr-
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 1and H, 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 pretetmirtal 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.) AU objective responses were also accompanied by
tumor-related laboratory improvements, where measured.

Subjecfrve 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. Responw analysis in improved cases

No con- Concur- Concur- Concur- Concur- Prior Rior Rior Total
current rent rent rent rent cyto- steroid radia- cases
or prior ant i- 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 14
responses (50%) (21%) (;%) (7%) (7%) (7%)

Subjective 18 17 5 I- 3- 1 45
responses (40 %) (38%) (11 %) (2 %) (7 %) (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,
=Jmlation or both. And 21 (36 %) showed a decrease irt pain as measured by a

inuted need for analgesics.
Ongoing concurrent (or prrbr) 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 affer 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.

‘NoImprovements’
Of the 25 ‘no improvement’ cases 2 (8 %) expired within 3–4 weeks after

initi~tion of hydrazine sulfate therapy; 2 (8 %) had very little information in
their Patient Report Form so that actual categotiation became difficult; 9
(36 %) had a drug tri~ of only 3–4 weeks, and 14 (56%) had concurrent anti-
~cer therapy which consisted of cytotoxic drugs, radiation, steroids or combi-
nations thereof, [n only 5 cases were these foregoing considerations not a factor,
i.e., the patient had ~ adequate prognosis and drug trial, had no concurrent or
prior antic~cer therapy, and had sufficientinformationsubmittedon hisPa-
tient Report Form to support a ca~egotiation 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 of31 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 fuU 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 paresthesia (5 %); this condition
was diminished or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin B6) in excess of 25 mg daily; nuusea (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; du skin or transient pmritis (3 %); ‘dizzi-
ness’ ( 1 %); ‘drowsiness’ ( 1 %); possible thrornbophlebitis ( 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-
ewduable 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 administrat-
ion, but also the nonimproved and nonevaluable cases, Such factors as poor
patient and clinician selection as well as inadequate protocol planning, must be
assessedas 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 +.rugtrial, contributed heavily to the large number of nonevaluable and
nonirnproved 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 suMval time of 3 weeks or less, while in the nonimproved category
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2/25 or 8 % of the cases had a sutvival time of only 3–4 weeks. In addition, as
many as 25/74 or 34 % of the nonevaluable cases were so designated becauw 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’ sumival time and drug trial
(3–4 weeks) totaled 11/25 or 44%. Such large percentages, representing inade-
quate prognosisand inadequate drug trial, must be attributed chiefly to improp-
er patient selection and not to the occasional misevahtations 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
the nonevaluable category as marry as 15/74 or 20% of the cases were so
designated because of lack of sufllcient information upon which to make an
evaluation. Even in the nonimproved category 2/25 or 8 % of the caseshad only
a minimum of information submitted. Such numbem surely reflect a lack of
interest or capability on the part of the clinician. (Indeed, inadequate patient
“wlectionitself maybe a function of this type of clinician inadequacy.)

Poor protocol planning, manifest by the acceptability of concurrent artti-
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
evaluation of patient response, In the nonimproved group as many as 14/25 or
56% of the cases had ongoing 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
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 nonevahrable and
nonimproved categories shobld properly never have entered this study. This
drcumstance could have been obviated by better patient and clinician selection
as well as by a ‘tighter’ protocol. It is hoped that a careful categorization in this
study has dealt adequately with these factors.
k

Improved Cases
Despite the above-described considerations, a large number of clearly imp-

roved cases emerged in this study. This improvement, moreover, was the result
of administration of hydrazirre sulfate alone in a large percentage of the cases
and was not influenced by any other mode of concurrent or prior anticancer
therapy. Table III 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 hyd ra-
zine sulfate therapy alone. This constitutes strong prima factie evidence indica.
ting hydrazine sulfate to be a chnically active anticancer agent in itself. It is
import ant to remember that even in those cases which received concurrent or
prior anticancer therapy, the noted improvements occurred only after the addi-
tion of hydrazirre sulfate to the treatment regimen. Thus, whether as a sole agent
or in combination with other agents, administration of hydrazirre 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 c- responding objectively (as well as subjectively). Some
of the responses have been of very short dumtion. But others have been quite
lengthy. To date three cases in this study – two primary lung and one ovarian –
are alive 17, 18 and 2I months after institution of hydrazirre sulfate therapy
alone, respectively; all three were previously considered terminal or pretermirral.
Prelimina~ 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 arrd/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 hydrazirre sulfate. There would seemingly be no disad-
vantage in instituting hydrazine sulfate therapy early in the course of disease,
especially in those caseswhere 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 p?!ients,
rather than use it at the very last staEes as a ‘resurrective’ type of thermy. [f
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