
A. INGREDIENT NAME..

ILO XANIDE FUROATQ

B. Chemical Name:

Entamide 2-Furoate, Furamide, Furamide (Amebicide), 2-Furancarboxylic Acid, 4-
((lXchloroacetyl) Methylamino) Phenyl Ester, 4-(N-Methyl-2,2-Dichloroacetamido)phenyl
2-f@oate

C. Common Name:

Dichlofkzcd, Diclofi.mzol, Histornibal, Miforoq Furentomi~ Furarnide, Furamid,
Entamimle

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

Assay 99.96’70

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. Sm. Trop. Mea! Hyg., 1967;61: 769.

Shapiro, M. M. The recurrence-rate of Giardia intestinalis. An. J trop. A4ed Hyg.,
1967; 16: 704.

— Nnochiri, E. J trop. Mea! Hyg., 1967;70:224.
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Wolfe, M. S. Patients with non-dysenterica symptomatic intestinal amoebiasis. J Am.
med Assoc., 1973;224:1601.

Knight, R. The treatment of non-dysenterica intestinal arnoebiasis. Gut, 1973;14145.

Powell, S. J. Patients treated and was considered to have cured liver abscesses. Ann.
Trq Med Parasit., 1973 ;67:367.

Salaki, J. S. The successfid treatment of a patient with Entamoeba pokcki. Trop. Dis.
Bull. 1990;77:51.

Bhopale, K. K., Pradhaq K. S., and Masani, K. B. Additive effkct of diloxanide firoate
and metronidazole (Entamizole) in experimental mouse caecal amoebiasis. Indian
Journal of Experimental Biology. 1995;33(1):73-74.

Pehrsq P. and BengtssoL E. Treatment of non-invasive amoebiasis. A comparison
between tinidazole alone and in combination with diloxanide firoate. Transactions of the
Ropl Society of Tropical Medicine & Hygeine, 1983; 77(6):845-846.

Salaki, J. S., Shirey, J, L., and Strickland, G. T. Successful treatment of symptomatic
Entamoeba polecki infection. American Journal of Tropical Medicine & Hygeine,
1979;28(2): 190-193.

Wolfe, M. S. Nondysenteric intestinal amebiasis. Treatment with diloxanide fiuoate.
JM, 1973; 224(13):1601-1604.

Huggins, D. Treatment of amebiasis. Hospital, 1965; 67(5) :1107-1 110.

H. Information about dosage forms used:

Tablet

I. Information about strength:

500mg 3 times daily for 5 days or 20mg/kg/daily divided into 3 daily doses for 10 days.

J. Information about route of administration:

Orally

_—.
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- K Stability data:

Melting point 114C to 116C
Stable (1-kmrdous Polymerization will not occur)

L. Formulations:

M. Miscellaneous Information:
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CERTIFICATE OF ANALYSIS

DILOXMYTIDE FLTROATE B.P.

BATCH # E-186/95

MFG. DATE: 08/12/1995 EXPO. DATE:07/12/2000 QUANTITY: 5 KG

Description:

Solubility

Identification

—.- Melting Range

Free Acidity

Related Substances

Loss on drying

Sulphated Ash

Assay

E_ White Crystalline Powder, Odorless, Tasteless.

Passed

A) Positive
B) Positive
C) Positive

114° to 116°

Passed

Complies

0.34 %

0.038 ?40

——

‘ri Hi ABOW TESI’ IUSULTS HAVE BEEN OBTAINED BY OUR klL\lFAC~WNSLTPLIEWOR IS OUR QUALITY CONTROL
[./UX)RATORY. TI 117DATA IS PROVTDED AT THE R.EQL_ESTOF .XiD FOR THE CON’VEXIENCEOF THE CUSTO.MERMD DOES NOT

/ ,~;~,~~,~ ~, ~EC, :s.ro~CR OF lTs REspoSsIBII.1~ To \~~~ IT, THIs &~ALysIs rs NOT To BE coysTRL~D As A \vAw~~.

EX1’IU,SSEDOR IMTI,IED
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QUALITY CONTROL REPORT

CHEMICAL NAME. : DILOXANIDE FUROATE /

MANUFACTURELOT NO. :E-186/95

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:USP_/BP_/~RCK_/NF_/WT ._/CO.SPECS ._.

l)DESCRIPTION .:
WHITE POWDER, ODORLEss.

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

3)MELTING POINT.:
114 C TO 116 C.

~ K

4)SPECIFIC G~VITY. :

5)IDENTIFICATION. :

FAILS .:PASSES. :

COMMENTS. :

ANALYST SIGNATURE.: DATE. :

PFU3PACK TEST. : DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

_—.
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------------------ IDENTIFICATION -------------------
PRODUCT #: D6413 NAME: DILOXANIDE FUROATE
CAS #: 3736 -81-0
MF: C14HI 1CL2N04

SYNONYMS

L

L
AMEBI~OL * 8073 CB * tiIcHLoFwOL * DIcLOFwOL * DILOXmDE

FUROATE
2

FUROATE * DILOXANID FUROATE * ENTAMIDE FUROATE ENT
‘E 6*

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

&DICHLOROACETYLMETHYLAMINO)PHENYL ESTER * FURENTOMIN * 6

L

HISTOMIBAL L

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

RTECS NO: LVI 821800
2-FUROIC ACID, ESTER WITH

2,2-DICHLORO-4’-HYDROXY-N-METHYLACETANHJDE
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 HARh4FUL IF INHALED.
MAY BE HARMFUL TF ABSORBED THROUGH THE SKIN.
MAY CAUSE IRRITATION.
TARGET ORGAN(S):
G.I. SYSTEM
THE TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY
INVESTIGATED.

FIRST ATD
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
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THE EYELIDS WITH FINGERS CALL A PHYSICIAN.
-------------------- PHYSICAL DATA --------------------

APPEARANCE AND ODOR
SOLID.

------------ FIRE AND EXPLOSION HAZARD DATA -----------

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

SPECIAL FIREFIGHTING PROCEDURES
WEAR SELF-CONTAINED BREATHTNG 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 TN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE
WASTE DISPOSAL METHOD

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

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

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

WEAR APPROPRIATE NIOSI-UMSHA-APPROVED RESPIRATOR
CHEMICAL-RESISTANT

GLOVES, SAFETY GOGGLES, OTHER PROTECTIVE CLOTHING
MECHANICAL EXHAUST REQUIRED
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
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1&@droergozamine tartrate EPCRS in place of the substance
befig examined.

_~+orage Dihydroergotamine Tartrate should be kept in a
yll-closed container and protected from light.

.ction and use Used in treatment of migraine.

!.

1
Dihydrotachysterol

1---.-.: Me

II H

d-\\H“ Me
H

HO’”

C28H460 398.7 67-96-9

Definition Dihydrotachysterol is (5Z,7E)-(3S, 1OS)-9, 10-

.secofzgosts-5,7,22 -tien-3-ol.

Characteristics Colorless crystals or a white, crystalline
powder odourless or aimost odourless.

Practically insoluble in warw, very soluble in chsbrojom;
freely soluble in zrhe~ soluble in ethanol (96%); sparingiy
soluble in arachis oil.

Identification A. The Iighl absorplwn, Appendix II B, in
the range 230 to 350 nm of a O.OO1°/. w/v solution in
methanol exhibits three maxima, at 242, 251 and 261 mm.
The absorbance at the maxima are 0.87, about 1.0 and
about 0.65 respectively.
B. To 5 mg add 2 ml of antimony crichloride solurion and
warm is-sa water bath, A red colour is produced.

Melting point ]26° to 129°, Appendix V A. It may also
occur in a form melting at about 113°.

Specific optical rotation In a freshly prepared 20/. wh
solution ~ absolute erhanol, + 100° to + 103°, calculated
tith reference 10 tie dried substance, .4ppendix V F.

Tacbysterol A~sor-banceof a 0,0 10/0 w/v solution in
~ethano] at 2~0 nm, not more than 0,08, calculated with
reference to fie dried substance, Appendix II B.

Loss on &-@g men dried over phosphorw peruoxide at
a pressure not exceeciirlg().7kpa for 24 hours, loses not
more man 0.’20,0 of its weight. Use 1 g.

s~phated ash ~~[ more~an t).10/.,Appendix IX A.

sto~ge Dih~drOtaCh~S[erc)]Shc)ulclbe kept in an
atmosphere of nitrogen, protecred from light and stored
at a temperature not exceeding 15°.

Action and “se Used in treatment of hypocalcaemia.

Definition Dill Oil is obtained by distillation &om the
dried ripe fruits of Anethum graveolens L.

Characteristics A clear, colorless or pale yellow liquid,
visibly ffee fYom wateG odour, characteristic of d_se
crushed fruit.

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

Refractive index 1.481 to 1.492, Appendix V E.

Solubtity 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.O”Awfw, Appendix X L.

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

Action and use Carrrsinative.

/

Diloxanide Furoate /

Me

ClqHllC12N04 328.2 3736-81-0

Definition Diloxanide Furoate is 4-(PJ-methyl-2,2-
dichloroacetamido) phenyl 2-furoate. It contains not less
than 98.00/. and not more than 102.00/. of
C ~~Hl ~C12N04, calculated with reference to the dried
substance.

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

Vety slightly soluble in wate~ tleely soluble in chloro-

jown; slightly soluble in ethanol (96%) and in ether.

klentification A. The infrared absorption spectrum,
Appendix II A, is concordant with the reference speczrum of
diloxanide furoate.
B. The liglsr absorption, Appendix II B, in the range 240 to
350 nm of a 0.00140/o WIVsolution 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-jknk cornbusrion,
Appendix VIII C, using 10 ml of 1M sodium hydroxide as
the absorbing liquid. When the process is complete,
acidifi the liquid with nirnl acid and add silver nitrate
solution. .4 white precipitate is produced.

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

Free acidity Shake 3 g v.lth 5~ ml of water, filter and
wash the residue with three 20-ml quantities of waler.
Titra~e the combined filtrate and washings with 0,1 M
sodium hydroxide VS using phenolph~halein solution RI as
indicator. Not more dtan 1,3 ml is required.

Related substances Carsy out the method for [bin-layer
chromatography, Appendix III A, using silica gel HF2S.$ as
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the coating substance and a mixture of 96 volumes of
dichloromethane and 4 volumes of methanol as the mobile
phase. Apply separately to the plate 5 WIof each of two
solutions of the substance being examined in chkms~oms
containing (1) 10.OO/OWAJand (2) 0.025°/0 w/v. After
removal of the plate, allow it to dry in air and examine
under ultraviole~ light (254 nm). Any secondary spat in the
chromatogram obtained with solution (1) is not more
intense than the spot in the chromarogram obtained widI
solution (2).

Loss on drying When dried to consram weight at 105°,
]oses not more than ().50/o of its weight. Use 1 g.

Sulphated ash Not more than O.10/., Appendix IX A.

Assay Dissolve 0.3 gin 50 ml of anhydrous ~“dine and
carry out Method II for non-aqueous tirratin, Appendix
VIII A, using O. lM tetrabutylammonium hydroxsiie VS as
titram and determining the end point potentiometsically.
Each ml of O.lM tetrabutyfammonium hydroxide VS k
equivalent to 32.82 mg ofC14H11 C12N04.

Storage Diloxanide Furoate should be protected born
light.

Preparation
Diloxanide Tablets

Action and use Antiprotozoai.

Dimenhydrinate *

H, ,0CH2CH#Me2

m
o

Y N

‘~ I ‘E/ c1

ONN

k!le

c~~~~,No,c#@%@2 470.0 523-87-5

DeWtion Dimenhydrinate contains not less than 53.00/.
and riot more than 55.5°/0 of diphenhydramine
(2-benzhydryloxyethyldimethylamine, C17H21NO; 255.4)
and not less than 44.00/0 and not more than 46.5°/0 of
8-chlorotheophylline (8-chloro- 1,3-dimethylpunne-
2,6(3FI, lFi)-dione, C7H7C1N402; 2 14.6), both calctdated
with reference to the dried substance.

Characteristics Colorless crystaIs or a white, crystalline
powder.

Slightly soluble in waq freely soluble in chZoro@rn and
in erhanol (96%); sparingly soluble in edter.

Identification Test C maybe omitted t~rests A, B and D
are camid out. Tests A, B and D may be omitted t~ test C is
cam”ed OUC.
A. Me[ting point, 102° to 106°, Appendix V A, Method I.
B. Dissolve 0.1 g in a mixture of 3 ml of waur and 3 ml of
ethanol (96 ~0), add 6 ml of water and 1 MI of 2.u hydro-
chloric ad and cool in ice for 30 minutes, scratching the
side of the tube with a glass rod, if necessary, to initiate
crystallisation. Dissolve about 10 mg of the precipitate in
1 ml of hydrochloric acid, add 0.1 g of potassium chkmate
and evaporate to dryness in a porcelain dish. A reddish
residue remains, which becomes violet-red when exposed
to ammonia vapour.
C. The infrared absorption spectrum, Appendix II A, is
concordant with the spectnssn of diwsenhydrinate EPCRS.

D. Dissolve 0.2 g m 10 ml 01 ernarux t Y070J, .UU LU ,,,. U.

pictic actii sohkms and initiate crystallisation by scratching
the side of the tube with a glass rod. The mekingpoim of
the precipitate, after washing with water and drying at
100° to 105°, is 130” to 134”, Appendix V A, Method I.

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

Clarity and coiour of solution A 5.00/. w/v solution in
ethanol <96%) is ckar, Appendix IV A, and colmdess,
Appendix IV B, Method II.

Heavy metals A 107. w/v solution in a mixrure of 85
volumes of acewne and 15 volumes of water complies with
limit test B for heavy metals, Appendix VII. Prepare the
standard using a lead standard solution (2 ppm Pb)
obtained by diluting had standard sokzim (100 ppm Pb)
with the acetone-water mixture (20 ppm).

Theophyili.ne and substances related to diphen-
hydramine Carry out the method for thin-kzyer chromaw-
graphy, Appendix III A, using siltia gel GF254 as the
coating subsrance and a mixture of 90 volumes of dich/oro-
methane, 9 volumes of merhanoi and I volume of 13. 5M
ammonia as the mobile phase. Apply separately to the
plate 5 @ of each of three solutions in dichhnvmethane

comaining (1) 4.0°/0 WIVof the substance being examined,
(2) 0.0200/. WIVof the substance being examined and (3)
0.0200/i wfv of rheophylline. Afier removal of the plate, dry
it in a current of cold air and examine under ultrarnblet
light [254 nm). Any spot corresponding to theophylline in
the chromatogram obtained with solution (1) is not more
intense than the spot in the chromatogram obtained with
solution (3). Spray the plate with potasn”um wdnkmuthase
sohmbn, allow it to dry in air and spray with hydrogen
peroxide solutwn (10 VOJJ.Any sewnday spat in the chroma-
togram obtained with solution (1) is not more intense
than the spot in the chromatograrn obtained with solution
(2). Disregard any spot extending f.iom the line of
application to an Rf value of about 0.1.

Loss on drying When dried to constant weight over
phosphorus pentoxide at a pressure of 1.5 to 2.5 ki?a, loses
not more than O.S”/oof its weight. Use 1 g.

Sulphated ash Not more than 0.2°/0, Append~ IX A,
Method II. Use 1 g.

Assay For cfiplsenlsydratnine Dissolve 0.2 g in 60 ml of
anhydrous acetic ad and carry out Method I for non-
aqueous titraubn, Appendix VIII A, determining the end
point porentiometrically. Each MI of 0.1 M perchkmic acid
W is equivalent TO25.54 mg of C17H21N0.
For 8-chlorotheophyUine To 0.8 g add 50 ml of water,
3 MI of 6M ammonia and 0.6 g of ammonium nirrate and
heat on a water bath for 5 minutes. Add 25 ml of 0.1 M
salver nitrate VS and continue heating on a water bath for
15 minutes with frequent swirling. Cool, add 25 MI of 2.~
nitric acid, dilute to 250 ml with water, filter and discard
the first 25 ml of the filtrate. Titrate 100 ml of the filwate
with O.1.Wammonium thwcyanate VS using 5 rrd of
ammonium iron ([IO sulpha~ soluczkm R2 as indicaror until
the colour changes to yellowish brown. Each ml of O. 1.M
silver nitrate W is equivalent to 21.46 mg of
c7H7clN40~.

Preparations
Dirnmhydrinate Injection
Dimenhydrinate Tablets

Action and use Antiemetic.



Cloquinate/DiloxanideFuroate977
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Dhiodoh droxyquinotine(BJ? !973). kxb
Jquinol fU. .P.); Diiodohydroxyquin; Diiodohyd-

roxyquinolinum; Diodoxyquino16ine. 5,7-Di-iod*
quinolin-8-oL
C9HJ*NO==397.O.
CAS — 83-73-8.
Pharmacopoeias. In Chin., Fr.. id., fnt.. It.. and U.S.

A light yellowish to tan-co] oured, tasteless,
microcrystalline powder, not readily wetted in
water, odourleas or with a slight odour.
Practically inaolubk its water sparingly soluble in
alcohol. acetone, and ether. Protectfromlight.
Advm Effects. As for Clioquinol, P.975.
Effects occasionally occurring include aMominal
di.mmfo~ diarrhoea, skirt rash, acne, headache,
prcsntus ard, and furunculosis. Slight ertlargcment
of the thyroid gland often occurs during treat-
ment.

Ncnrdogic+ disadcra. Reports of visual dmturbansxa in
children di-iodohydroxyqtrinohm.— J. E,
Etheridge ~~G. T. Stswarr (letter), Lmrct, 1966, 1,
261; F. E. Pittman and M. Wcatpbal (letter), /ixrucr,
1973, 2, ~ M. M. Behrens (letter), J. Am. med. Ass.,
1974, 228, 693.

Precmxtioma. As for Clioquinol, p.975.
Control of aeroderrnatitix entcmpathica by di-iodohyd-
mxyquinoline was last in a Patienl when she started
taking an oral eon!raccptiw.— M. J. Jackson, J. clin.
Path., 1977, 30, 284.

Abaorptiosa aard Fate. Di-itiohydroxyquinolinc is
partly and irregularly abaorlxd from the small
intestine.
Fotlowing a 3tWmg dose of di-iadohydroxyquinotinc, 6
healthy rnsn cxcretcd a mean of 4.6% of the dose in the
ruins as gtucuronixle during the following 10 houra.— L.
Bcrggrm ●rd O. Harrsaon. C/in. Pharrrrac.Thsr., 1968,
9, 67.

Uses.Di-iodohydroxyquinolitw acts principally in
the bowel lumen and is used alone or with met-
ronidazole in the treatment of intestinal amoc-
biasis, chiefly for cyst-passers. It has bccrr used
to supplement cmetine or with chlorcquine and
tetracycline in amoebic dyacntery. It has also
heen used in balantidiasis and giardiasis and has
been used locally against Tric/somonsas vugr’rds.
Di-iodohydroxyquinoline has been used in the
treatment of acrodcrmatitis enteropathica; it is
reported to act by altering zinc absorption.
The usual dosage in the treatment of amoehiasis
is 60Q mg thrice daily for 20 days: for children
the usual dose is 10 mg per kg body-weight
thrice daily. It cart be employed in ambulatory
patients and asymptomatic carriers.
Most of 55 pat~enta with wrciform atrophy snd super-
imfmscd derma:jtu of the anterior surfarz of the lower
leg responded well to sn ointment containing di-iodohyd-
roxyquinoiine 3% and aalicylic acid 2% in Emulsifying
Ointment.— A. R. H. B Verhagen and J. W. Kotcn,
Br. J. Dcrm., 1968, 80, 682.
Di-iodohydroxyquinoline should not bx usxd for the
treatment of non-specific diarrhoca or other self-limiting
conditions.— Med. &It., 1974, !6, 71.

,4croderrrsxriri& A 5-month-old girl with acrcdermatitis
enteropathies obtained remission from diarrhoca and
dermatitis when treated with di-iodohydroxyquinoline
200 mg thrice daily. She relapsed and wss then given a
diet of fresh whole human milk tr=tmcnt with di-ioda
hydroxyquinolinc was continu+ in the =mc dassgc. On
this rcglmen a mmplcte remission was ohtaincd enabling
the child to be weaned to a normal diet and treatment
with di-iadohydroxyquinolirre m be diacontinucd.— R.
R. Schulxc and R. K. Winkelmann. Mayo C/in. Proc..
1966, 4/, 334.
In acrodermatitis crrtcropathica di-iodohydroxyquinoline
scted by increasing the gastr~inteatinal absorption as
well as the retention of zinc.— M. J. Jackson, J. clin.
Parh.. 1977, 30, 284. Scc also P. J. Aggett c: al., Archs
Dis. Childh., 1978, 53.691.

Aspsrgillrrfis. Of 13 patients with clinical pulmonary
aspcrgillosis all had specific prccipitins in their scra and
moat had Aspergi//u$ Jumigaf m in their sputum. After
~r~tmcm for 20 days with di-iodohydroxyquinoline 1.5
to 1.8 g daily precipitin teats bccamc negative in 12 and

the sputum was cleared in all those previously affected.
Some patients cxpericnccd clinical benefit.— K. Hora-
fictd er al., Thorax, t 977, 32, 250, per Abstr. Hyg..
1977, 52, 1131.

Preparations
Di-iodatsydrox3’quWhsc Peaaariaa (B.P.C. /973), &tCh

pry antm$ di-iodohydroxyquinoIinc ]w mg, boric
acid 65 mg, phosphoric acid 17 mg. Iacroas 1gO mg. and
anhydrous dextrose 300 mg prepared by moist granula-
tion and compression. Thsy should be nroiatcned with
water before insertion into the vagina. Pmtccr from
light. ,4.P.F. frss a similar formula.

~dmxyq~ Tti (~.p. 1973). Di-iod*
hydroxyquin. Tab. Tablets containing di-iodohydroxyqui-
notine. Protect from light.
lodoqrrlaol TsMets &LS.P.). Tablets containing di-icdo-
hydroxyquinolinc,

Propnetsry Preparatiossa
Dkodzqak (Seade. UK). Di-iodohydroxyquinoline, avai-
Idris xx tablets rxf 650 mg. (Afso availabk as Diodoquin
in marry other muntricx).
Satraquix (May & Bake., W). (Available only in
certain muntries.) Dkiodohydroxyquinoline, available aa
tablets of 300 mg.

Otbsr Proprietary Nmsea
fXoxiquin !S~in); Direxiade (Au.srnrL, Be/g., Fr..
Switz.); Drroqxukrr (Arg.J Floraquin (Arg., Au.rrmL.
Be/ .~ Moebiquin (USA~ se.arkquin (Arg.~ Yodoxin
(C&.
A prcpsrstiort containing di-iodohydroxyquinolinc was
formsrly marketsd in Grsat Britain under the pmpric-
sary name Ftomquin (Searle Pharmaceuticals).

4778-b

~]oruxaixk (B.P.C. /963). Diloxan; RD 3g03. 2,2-Dich-
loro-4’-hydroxy-A’-mcthytacaranilide.
~H#32N02=234.1.

CAS— 579-384.

AI white or almost whke~odourlcm, tasteless, cryatrdlirrc

~!. 1 in M of chloroform, ●nd 1 in 66 of ether. Protect
waler. Sligbt3y _ m warcq soluble I in g of alcc-

from Iigbt.
I

Tbc actions ●nd uxca of diloxanide are drscribed under {
Diloxanidc Furmte (below). It has been given in dosea
of 1.5 g cWy in divided doses.

::,, \

D1loxanide was formerly marketed in m-rain muntrics ,:

under the proprietary name Entamide (ISoofs). !. f,/
‘!.

4779-v
,,,,

DOoxanide Furoate (B.P.J, 4-(N-Methyl- “5 :,,
2,2-dichloroacetamido) phenyl 2-furoate. i:: I,!
C14H,,CIZFJ04=328 .2.

‘..
/:

CAS — 3736-814. 1-
Pharmacopacios.tn Br. : ,.,

A white or almost white, odourlcas, tasteless, ;
crystalline powder. M.p. 114” to 116°. :4

Very slightly solrrbk in water; soluble 1 in 100 of 1

alcohol, 1 in 2.5 of chloroform, and 1 in 130 of
ether. Protect from light.

Adverse Effects. Flatukrtez, vomiting, prrsritus, t
and urticaria may occasionally occur. Transient
albuminuria has been reported. (

Absorption and Fate. Diloxanide is readily //:
absorbed from the gastro-intestinal tract and ~ ~z

T
eml=c~aeccs and urine. =xanide furo- , /

ate is hydrolyscd before absorption.

Uses. Diloxanide acts principally in the bowel
lumen and is used in the treatment of intestinal
amocbiasis. It is less effective in amoebic dysen-
tery than in asymptomatic infection, but the
furoate gives higher intestinal concentrations and
is possibly more effcctivc than metronidazole in
the treatment of cy.w-passers.
Diloxanide furoatc is used in conjunction with
chloroquinc and tetracycline in amoebic dysen-
tery and is used in the treatment of hepatic
amocbiasis in conjunction with chlomquine and

,,/;
—
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dehydroemetine or emetine.
Diloxanide furoate is administered in a dosage of
5~g thrice daily for IO
chil
d~~.
ment may be repeated if necessary.
Diloxanide fraroate is also used concomitantly
with metronidazole.

Arrrocbiaai$. D!loxanide furoate 375mg, tetracycline
hydrochloride 250 mg. and chloruquine phosphate
100mg, 4 times daily for 5 days, were given in a*
to 50 of 100 patients with dysentery due. to Errfamoeba
hislolyfica and cometimea other psrssitca also. The
other 50 received the same regimen without chlomquitte.
Children younger than 10 years received half ttia adult
dose. The overall cure-rate for E. his/ofyrica was 83%,
and the efficacy of the prcpsrstions was not signifi-
cantly different. Other promzoa and helminths were
apparently not afkctcd.— +210t@, Trans. R. SW.
trop. Med. Hyg.. 1967.61, 769. per Abstr. W/d Med.,
1968.42.497.
Diloxanide fumate 375 mg, tetracycline hydrochloride
250 mg. and chlorcquine phasphate 100 mg. given 4
times daily for 5 days to 50 Costa Ricmr schoolboys,
eliminated multiple intestinal protozoal infatiorra within
2 days of completing the ctm’ac. The recurrence-rate of
Giardia irrfesfitrdis was 25% within 30 days, but
Errtamocba histolytica did not recur for 90 daya.—

?--A4.-.Schapim, Am. J. trap. Med. 3fyg., 1967, 16, 04,
per Trop. Dis, Bull., I%8, 65, 766. A similar rcport.—
E. Nnochiri, J. crop. Med. ffyg.. 1%7, 70. 224, per
Trop. Dii. Bull., 1968. 6S, 129.
Diloxanide fumste administered in a dose of 500 mg
thrice daily for 10 days was effective in the treatment of
12 patients who were Saymptornatk cyst urriers and 52
of 65 patients with oondysertteric symptomatic intati-
nal amoebiasis. Flataknca was the only significant
side-effect.— ~. S. Wgj.f$.J. Arc. med Aaz., 1973, 224,
1601.
Diloxanide furoate was considered to be more effective
than metronidazole in the treatment of nandyscnleric
intestinal amocbiasis, and to be the drug of choice for
this form of the disease.— R. Knight ●r al., Guf, 1973,
14, 145.
Diloaanide furoste 500 mg given with metronidazole
400 m thrice daily for 5 days cleared amoebic cysts

!“from, temtesme m 59 of 60 patients treated and was
Constdercd to have cured liver abseuaes in 58 of them.
No relapwa were notai during 3 months following trcat-
mmrt,–/_L#owcll ● d Arm. trop. Med. Parasit.,
1973, 6 , 367, per Trap. Di; Bull.. 1974, 71, 44.
The standard regimen fa the treatment of amocbissis in
American Indians in Saskatchewan was mctronidazole
500 mg and diioxanide tirroatc 500 mg twice daily for 5
days.— R. D. P. Eaton et al.. Can. J. publ. Hlth. [973,
64, Suppl.. 47, per Trop. Dis. Bull., 1974, 7[. 360.
Of 38 Peaw Corps workers with amoebiasis in Ethio ia

/’36 were considered fra o{ infection 1 to 2 months a tcr
treatment with metronidazole 750 mg thrice daily for 10
days followed b diloxanide furoate 5(Mmg thrice daily

1for 10 days.— L. Ey, &fhiop. med. J.. 1977, /5, 101,
ocr TroD. Dis. 13uII.. 1979.76. 80.. .
A repwt of the sucmsaful treatment of a patient with
Emomocba polecki infection using metrortidazole and
diloxanidc furoate.— J. & et al., Am. J. mop.
Med. Hyg.. 1979, 28.* 190; per Trop. Dis. BuII., 1980,
77, 51,

Preparations
Diloxanida Furoate Tablets (B.P.). Tablets containing
diloxanide furoate. Pro=om light,
Fur-amide (tbots, UK~.Diloxanide furoate, available as
tablets of SCMmg. (Also available as Furamide in
A ustraf).

medicine in the treatment of lrypanoaomiasis and babc-
siasis. ILhas also been tried in human infections.

B4besiasis. The routine, cli~ical use of pentamidirre or
diminazene aceturate In infections due to Ba&s/a
microti was not recommended except in ps{ients without
spleens, since normally the infection was self-limiting.—
L. H. Miller et 01.. Ann. intern. Med.. 1978, 88.200.
A patient infected with Bakiu microfi who had failed
to rcapand to chlomquine had a rapid clinical and
Psr$stlologic ~Pon* after administration of dimi.
nszrme. However the pstlent developed Guillain-Bar-r6
syndrome a@r treatment and it was suggsated that pen-
tsmidine might be preferable to diminazene in severe
cases of human babcsiasis.— T. K. Ruebush and A.
Spielman, Arm. intern. Med.. 1978,88, 263.

Trypansrsorrriuis. Referenrx to w in human tr anoso-
miask.— M. P. Hutchinsort and H. J. C. % atson,
Trans. R. See. trap. Med. Hyg., 1962.56, 227; S. E.
Tamu. Trans. R. Sac. Imp. Med. Hyg.. 1975, 69, 27?
East African Trypanoaomiasi$ Research organisation,
Trans. i?. Sac. rrop. Med. Hyg.. [975, 69, 278.

%pciatary Names
Bcs-enil(veterinary) (Hcwch.rt, flK~ Ganaseg.

47al-f

Errretfrte and Bismuth Io&de (B.J! /973). Emet.
Bism. lad.; EBI.

CAS — 8cM1-15~.

A complex iodide of emetine and bismuth containing 25
to 30% of emetine and 18 to 22.5% of Bi. It is a redd-
ish-oran e odourk.sa powder with a bitter acrid tssle.

?Prsctia Iy imakibk in water and alcohol; soluble in
acetone and, with decomposition, in concatrated acids
and in alkaline aolutiorrx practically insoluble in but
slightly decomposed by dilute acids. S@ra in airtight
consainera. Pmteet from light.

Adcme E2YactsaaadPracaatiou As for Emetitte Hydr*
chloride (below).
Whcrrgiven by mouth emctine and bismuth idtdc may
cause nausea, vomiting, and diarrhea.

Abar@aa ad Fate. Wberr given by mouth, emetine
and brsmuth iodide undergoes little decompmition until
it reaches the smatl intestine, when c.metine ix tiberated
and cxcrta a local and systemic effett.

Uses. Emetine and bumuth iodide has actions similar to
three of emctine hydrochloride and has bcmt used in the
tratmmrt of aaymptomatic intestinal amoebkais. When
given by mouth it is only slightly decomposed before
reaching the small intestine where tbe bulk of the eme-
tine is then rekased to give a high concentration in the
intestine, It has been used with {etrscycline and a lumi-
rtsl amoebicide such as diloxanide furoate in the treat-
ment of severe amocblc dvscnterv with much tissue,,
invasion.
The frequency with which it giva rise to unpkassnt
side-effecu makes it unsuitable for routine therapy
ostients should be conrlned to bed.
~metkre and bismuth icdide is usually administered in
entcnc-comd tablets or capsukz but such preparations
must disintegrate very readily in the irrmstinc or they
are valucl~% when in capsules, the drug should not be
suspended in an oily basis. The usual dose was 200 mg
daily for 12 corrsezutivc days if tolerated by the patient.

Praparatiom
Emetiae arsd Bismuth [odirte Tsbteta (B.P. 1973), Erect.
Bism. lad. Tab. Tablets containing emetine and bismuth
idtdc. Tbcy arc enteric-and sugar-costed. Store at a
~empzrsture not exceeding 25” in airright containers.

4782-d

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

Diminazerre Aceturate (B. Ver. C. /965). 1,3-Bis(4-
Hydroehlor.; Emetini Hydroch[oridum; Emetini

amidinophenyl)triazene bia(N-acetylglycinate) tevs- Chloridum; Emetine Dihydroehloride: foeeine

hydrate.
C12Ht@J906,4H20 =587.6.

CAS — S36-714 (diminaztne); 908-J4-3 (aceturate.
mrhydrous).

A yellow odourless powder. SoIubk I in 14 of wmeq
slightly soluble in alcohol; very slightly soluble in chloro-
Iorm and ether.

Uses. Diminazene aceturatc has trypanocidai, babcsici.
dal, and bactericidal properties and is used in veterinary

Hydroehloridq Methyicephaeline Hydr&hloride;
Cloridrato de Emetina. 6’,7’,10,1 l-Tetra-
methoxyemctan dihydrochloride heptahydratc;
(2S,3R.1 lbS)-3-Ethyl-l.3,4,6,7,1 1bhexahydro-
9, 10-dimethoxy-2-[( I R)- 1,2,3,4-tetrahydro-6,7-
dimethoxy-l -isoquinolylmethy i]-2H-bcnzo[a]-
quinolizine dihydrochloride heptahydrate.
C29HwN@4,2HCl,7 H10=679.7.

CAS — 483-18- I (emerine); 316-42-7 (frydro-



Decoquinate/Eflomithine Hydrochloride b I I

, +uxyquinoline has also been given in the
(of balantidiasis as an alternative to tetra-

~(& p.61 0).

&@roxyquinoline wm formerly used in the
~~of acrodermatitls enteropathica: II is re-
g,act by enhancing zinc absorption and has
En superseded by oral zinc therapy (see
- -

~~droxyquinoline has antibacterial and anti-
[tivity ~d has been used topically in vari-
[~n,,bondltlons, usually together with a

~,steroid [but see under Adverse Effects
~ jt +SO has some antitrichomonal activity.

Ii Infections. As discussed on p.609 d!-mfohy.
,.-_tiW is one of the drugs used in the uearnsent of

1.~iasis caused by Emarnocba hutOb’ti~Oand
, frmilir, References to this use are given below

infcctwmsMeiitin Drugs
-.

~gs for parmilic
[II-22.

~tions
$ptiam = lislCdbelow detils are gwm ,n Pan 3

Am~tlorls
;~-,.qoinulTablcu.

~ f%’epandons
k; Yafoxm+,Fn. Dmcxmdet. S.A~r: Flotaquin;

*t; h-toxin.

#Iurt preparations. Aulml Floraqum. Cawd.

Ji>SA/n: Vag.WOl: %cofl: VwJOr, Sfwn: Ftoraquin,
p>..

.. . . ._.
,i~

:anide Fumate (w79v)
,! ,,

kFumate fMfW rlNNW
hyf-2,2-dichlomaceumldo) phenyl 2-furoate.

J2N04 = 328.2.

~~79-38-4 {diloxonlde); 3736-8 I-0 (ddoxamde

o.

@@s hI L%.and hL
e & atmost white. odourless. cryaralline powder. Very
;.sotubte in wamn sligbrly soluble in alcohol and m

= 6eely soluble irrchloroform Prvlert fmm l)ghL

se Effects

P
,,.
cetce is the most common adverse effect dur-

g<’@atment with diloxanide furoale. Vomiting.
##j,md uzticaria may occasionally occur.,.

F’E%acokinetic.
~o&okie furoate is hydrolyses before ahsorption
6otnthe gastro-intestinal tract. The resul~in~ diloxa-
~fs readily absorbed and excreted mainly in the
‘&&&s th&r 10’%of a dose appears in the faeces.

~ and Administration
Difoxanide ftrroate. a dich]oroacetamide derivative.
is”a Iuminal amoebicide ac[ing principally in the
b6Wel lumen ~d is used in the treatment of intesti-
E818trtoebimis. It is given a]one tn the treatment of

~Ptomatic cyst-passers and in conjunction with
m tioebicide that acts in the tissues. such as mer-
mkridazde, in patients wl:h invasive amoebiasis.
~xarride furoate has also been used vvi[h metron-
dazole in the Ueatment of Enfa,no~bu po/ecki infec -
tirsfk

%Mer dl~cussion of the management of amoe-

~ fimtions, see p609,

~~mide furoa[e is administered by mouth in a
~eof50fJ mg three times dail) for 10 days: chil-
~ maybe given ~fl m: per kg body -wei~hl daily.
m &’ided dose~, for Io davs. The course of treal-
~nt may be repeated if nec_esw!n.

~ParatiOn~

Dimetridazole (12662.z)

D!metndazok (&4N, PINN).
1,2.Dfmethyl.5-ncm(mtd~ok.
CSH7N102 = 141,1.

CAS — 55 J-92-8.

Ptwrm.copc?eIas. In BPfVet).

G. includes Drnetndazole for veterinary use only. Fr. includes

Dimerndazole and Dlmetridazole Mesyfate for veterinary use
only

An almost white m brownish-yellow, odouricss or almost

odourless powder which darkens on exposure to light. Slight-
ly auluhle in watcc sparingly soluble in alcohol: freely solu-
ble in chlorofomo, slightly soluble in ether. Protect from
hghl.

Dimetridazole is a 5-nifroimidazole derivative simil-
ar to merronidazole. It is used in veterinary practice
for the prevention and treatment of blackhead (his-
tomoniasis) in turkeys and other poultry and of
swine dysentery, and for the prevention of hexm”-
tiasis and oichomoniasis in game birds.

Diminazene Aceturate (4m-.)
Dlmmazene Acerurate (WM. dNNW
1,3. B!s(4-amidmophenyf)tnaZek bis(N-acetyf&}mte).

C22H29N~06 = S 15.5.

CAS — 536-7 I -O (dlminazene); 908-54-3 (dimmozene

oceurrore).

NOTE Dlminazerre aceturate is ofien referred 10 by its Veteri-
nary pmprieraryname Berenil.

Dlminazene aceturate, an aromatic diarrridine deri-
vative related to pentamidine. is an antiprotozoal
agent which has been used in veterinary medicine in
the treatment of tzypanosomiasis and babesiosis. It
has also been tried in human infections.

References.
1. Rucbu.h TK. Spmlman A Humznbabcsmsts in the Unned

SmIe$. An. fmcm Med 1978:88:263.
2 Abam DE. rf al Rcwoi~cttvc lon&um study of cffeci~ Or

fkcrcnil IV follow -up of pa[ien!s wcated since I %5 Tmp Mcd
P’3raJ1101IW4 .35: I 4B-50

Residues in the diet An expcfl committee of the FAO/
WHO1 seI a ma.mmum aeceprablc daily inrake of diminazcne

aI 100 p: per kg body-weight. R~Ommended m~imum res-
]due I lmms m food resulung from ve[ermary use were esrab
hshed for cattle at S00 IIg per kg for muscle, 12000 Vg perkg

fOr hvcr. 6CO0 IQ per kg for kjdney. ~d J50 ~g Per INm fOr
milk.

1 FAON.’HO Evaluauon of ccna!n vewrmag drq restdues m
food fort! .smond rcpor! of :hc ,omc FAO/WHO cxpen com-
mi!lcc on food addtl$vm WHO rrch RtP Scr 851 1995

eted

Dinitolmide (12665 -,)

Dmnolm,de (PAN, rlNN).

Dmnrotoluamlde. Methyldmtrobenzamlde 3,5-Dm!tm-o-rol-

uamtde.

C8H7NX05 = 225.2

CA5 — 148.01-6.

Phormocoooews. In BPfVet)

A cream-colmrred to IIght tan.coloured odourless powder
Pracocali} insoluble in wawr. $olubte in acetone, slightly

soluble m alcohol. in chloroform, and m ether.

Dinitolmide is an anripro[ozoal agen[ used in veter-
ina~ practice for the prevention of coccidiosis in
POuiIri

Eflornithine Hydrochloride (I-I)
Eflormth,ne Hydrochloride (BANM, USAN, rfNNM)

DFMO, a. Dltluoromethylo.n!thme Hydrochloride: MDL

71782, MOL-7 1782A, RMI-71782 2-f D[fluommethyl)-DL.or

nlthme monohydrochlonde mOnDhydrate

C6H,2~:N:01, HCl, H:0 = 2366

CA5 — 67037 .37-0 {e florn,thrnej. 96029-9 I-6 (e florn!
th, ne hydrochloride)

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

Effmxs on hearing. A study in 58 parients I receiving etfor-
nithine alone or irr combination with interferon alfa for the
treatnwnt of mctaataric melanoma demonstrated that hearing

loss at multiple frequencies was related to the cumulative
dose of eflomithine and was worse in patients with pre-exist-
ing hearing deficiL
I Crugban MK. a al. Dose-relawd wddtuoromethylomi! hme

uromx]cily, Am J Clin Oncol 1991:14:33 I-5.

Effects on the heart Faratcardiacarrestoccurredin an
AIDS patient with Pnewnocysfis curinii pneumonia during
she intravenous inti;on of eflomidrine 100 mg per kg body-
weigbt over 1 borss I Sudden death after infusion of eflomi-
thme had uccurred in several orher critically itl patients wirh
AIDS.
I Barbarasb RA, ●t aL Alpbadifluorome! hylorn!lh!ne infuwon

and Wdiae arrest. Ann lntem Med 1986.105: 14I -2.

Pharmacokinetics
Eflomithine hydrochloride is absorbed from the gas-
tre-intestinal tract. Following intravenous adminis-
tration approximate y 80% is excreted unchanged in
the urine in 24 hours. The terminal elimination half-
Iife is approximately 3 hours. h is distributed to the
CSF.

References
1. Hasgek RD. ●t al. Kineticsof a-dnfluorometh ylornlthlne an

irreversible mhib>tor of omithine dccarboxylase C/in Pharmo-
co/ 7hcr 1981, W. 210-17

2 Milord F, er al. Efromithinc concentrations ,n serum and cere-
brospmal tfubd of 63 pauents treared for Trypanosomx brucei
pambienac sleeping ssckness.Trans R SOCTmp Mcd HW 1993.
87:473-7.

Uses and Administration

Eflomithine hydrochloride is an antiprotozoal agent
which acts as an irreversible inhibitor of omithine
decarboxylase, the rate-limiting enzyme in
poiyamine 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 7’ryparrosoma brucei gmtbl-
tvrse and is effective in the early and more impor-
tantly in the late stage of the disease when there is
central involvement, Eflomithine also has activity
against Pneurrrocysris carirrii (see p.396) and there
are several reports of it being effective in patients
whose pneumonia due to this organism failed 10 re-
spond to standard treatment such as co-tn moxazole
or pcntamidine.

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

Eflomithine has antineoplastic actiifity, and prelimi-
nary human studies have shown some encour~gmg
responses.

Cryptosporidiosis. Etlom](hine has been wied in the treal.

mem of cryplosporidiosis in AIDS patients 1 Other agents
used in rhe treafmcnt of cryp!osporidms]s are d! scussed on
p.610

I Rol,~on W!. et al In!cst!nal cryptosporsd$o~lstrc~led Wl!h ef-
Iomlth!nc a prospccove smdy ~mon~ pa{wnr, ui!h AIDS J
Acqu!r Immunr Dt’fic Swtdr 1989, 2:426-30

Pneumocystis carinii pneumonia. The {rcarment of
Pntwmocysns corini{ pneumonia IS descr]bed on p.396 where
reference is made m eflomlthine being studied M One Of the

altemcmve agent< to cc+rnmoxazolc and Pcnmm]d!ne

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 giardiasis.

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

Abstract.=
A combined formulation of diloxanide furoate and
metroni.dazole 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
mixed ‘lI&eG.ti~Each

.=5
atient took one tablet (containing

P.
600 mq diloxanide furoat apd 400 mg metronf~ole), three
?times daily for 5 dazs~ and the response =h~~—–
checked by cllnlcal examination and by examination of fresh

‘!-

stools on days 3, 5 and 10. Abdominal pain was complet~ly

h

relieved in 91% and 84% of ~atlents ~h-”znm!s-e%laslsand—.. .—.-—. —..-—. —-.-..-_...—...._
g~..ydias-.is..+--.rs~sctivelytytwhile ~arasitic cle=r-a~c=-=s
100% in both ~roups.

——
Tolerance to the d.rug._was_adequate._— _..—— --...— —— . ._—....—

<2>
Unique Identifier
97281374

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

Title
Additive effect of diloxanide furoate and metronidazole
(Entamizole) in experimental mouse caecal amoebiasis.

Source
Indian Journal of Experimental Biology. 33(1):73-4, 1995
Jan.—
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Authors
Sengupta M. Sengupta 00

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

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

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

—

if
.
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Unique Identifier
84122526

Authors
Pehrson P. Bengtsson E.

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

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

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

$

(2o mg\kg body-weiaht divided~ three daily doses for 10
days ) were compared as treatments

&
r amoeblasis. The ‘–

‘-parasiticcure rates were 44 and 9
recmmen -q

espectively. We ~
~theme, d titia zble alone in this
dosage as a__
%--

t.ceahent_~or non-fi~asive arnoebias~=

<5>

Unique Identifier



Page Number : 3

6“
(5-I

—=.
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Authors
Salaki JS. Shirey JL. Strickland GT.

Title
Successful treatment of symptomatic Entamoeba polecki
infection.

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

Abstract
The second symptomatic case of Entamoeba polecki infection,
the first to respond to therapy, is reported. The patient
experienced intermittent episodes of abdominal cramps,
diarrhea, nausea, and malaise associated with large numbers
of E. polecki cysts in the stool. atment with
~loxania~ufue a< metronidazole, all symp d—
and the~was——ne ~==~~en t in the stool.
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Authors
Wolfe MS.

L
Title
Nondysenteric intestinal amebiasis. Treatment with

~~~~~=fide ~%%~~
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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 histolytica
are treated with diloxanide furoate, luminal infections
with non-pathogenic Entamoeba histolytica (= E. dispar) do
not have to be treated. If differentiation is not possible,
all asymptomatic cyst passers must get treatment. Patients
with invasive amebiasis (amebic colitis and amebic liver
abscess) have to be treated with metronidazole, followed by
diloxanide furoate. [References: 12]
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Abstract
Therapy of entamebiasis is critical in that, if untreated,
the disease can be fatal. Recently, a new method for
differentiating pathogenic and non-pathogenic amebae has
been standardized. This method relies upon the
electrophoretic analysis of 4 isoenzymes which allow the
identification of 20 different zymodemes. It is now widely
accepted that non-pathogenic strains of Entamoeba
histolytica are not a hazard for humans and therefore don’t
need therapy. As a consequence, treatment must be addressed
only toward infections caused by pathogenic strains. As
there are different drugs available for treating amebiasis,
from a therapeutical point of view the disease must be
divided into two forms: intestinal and extraintestinal. For
the former, drugs which reach therapeutical levels in the
gut are required. The mainstay for the treatment of
asymptomatic carriage of pathogenic strains is DILOXANIDE
FUROATE, a very well tolerated luminal amebicide.
METRONIDAZOLE and other 5-nitroimidazole compounds such as
ORNIDAZOLE are indicated for the treatment of symptomatic
intestinal infections as they reach good concentrations in
tissues, including the bowel where ulcerations develop. In
order to ensure the clearance of amebae from the gut, a
subsequent cycle with diloxanide furoate is advisable.
Extraintestinal forms include amebic abscesses which can
develop in many sites, but most commonly in the liver.
Metronidazole and related compounds are the drugs of
choice; in case of liver abscess, the addition of
CHLOROQUINE is indicated because of its good concentration
in tissues. L.subsegment cycle with diloxanide furoate is
also indicated. (ABSTRACT TRfi?~TEI-”AT””-2”50-”-””WOR-D”S)‘“””-”------”
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Nondysenteric Intestinal Amebiasis—
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NOTICE – TreatmentWith Diloxanide Furoate
Tf4!5 MATER!AL MAY BE PROTECTED BY
CJXYRIGHT LAW (TITLE 17, US. CODE)

Diloxanide furoate,an investigational,amebicidal drug in the United
States,was given in a ten-day course of500mg threetimes a day. This

therapy ledto parasitologicand symptomatic cure inall12 asymptomatic
cystcarriersand in52 of 65 patientswith nondysenteric,symptomatic,
intestinalamebiasis who had allcontracted Entan?oeba Iistolytica
infectionswhile abroad. Criteriaforcure were the absence of E histo/ytica
parasitesin three complete stoolexaminations, one and three months
followingcompletion of treatment, and complete or marked symptomatic
improvement. Excessive flatulencewas a common, but the only

significantside effect.The high effectiveness(83Y0 cure rate),relative
ease of administration,and minimal toxicityof diloxanidefuroate
indicatesthat thisdrug has numerous advantages over other primarily
Iuminal-actingamebicides presently availablein thiscountry 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

‘-a 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
WX301S, fever, marked abdominal
cramps, tenesmus, and weight loss. .4
spwtrum of symptoms is seen with
nondysenteric Entim.oeba histolytica
infections, ranging from as~mpt~

matic and mildly s~mptomatic 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 wateq to mushy

Prnm the Tropical Medicine Unit, Offim of
MedicaI Set-rices, Department of State, Wssh-

__&ow DC.
md in psrt before the 20th annual meeting

e American Society of Tropical Medicine
._ Hygiene, Ilwton, Dec 3, 19’71.
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stools, lower abdominal cramps,
w,eight loss, anorexia and nausea, and
marked asthenia. The asymptomatic
and mildly symptomatic individuals
fit most definitions of -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 trophoxoites
fitting the definition for E histolytica,

These people were treated v.-ith di-
loxanide furoate (Furamide).

A number of anilides looked prom-
ising as amebicides and one of them,
dichloroacet -4- hydroxy - .V - methj-l-
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 derivati~e of diloxanide
which would give better results in
acute as well as in chronic amebia-
sis. Of the many derivatives examined,
the furoate ester not only gave bet-
ter results in acute amebic dysentery,
but in the asymptomatic condition as
well; it also was less toxic than diloxa-
nide itself. This compound was given
the name diloxanide furoate. It is less

MartinS.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 am~
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.’s

The only previous studies of diloxa-
nide furoate in the United States
were by McHardy in 1964 who re-
ported a 90% cure rate in asympt~
matic amebiasis patients (Panel on
Diarrheal Disease, clinical meeting of
the American Medical Association,
Washington, DC); and Most (written
communication, March 1970), who
used diloxanide furoate both with and
without chloroquine phosphate and
had cure rates between 75% and 80%.
Neither of these investigators re-
ported significant toxicity.

With its reported high effac-
tiveness, relative ease of adminis-
tration, and minimal toxic effects, di-
Ioxanide furoate appeared to have
numerous advantages over other
pnmaril~- luminal-acting amebicides
presently available in the United

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

Curedt
~

Follow-up TmNakd
Complete

Asymptomatic cases 12 12 100
Symptomatic cases 65 52 So

Total 77 S4 63
Incomplete (eliminated)

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

Total 23
Grand total 100

●One hundred cases treated with diloxanide furcate.
t8aeed on three negative results from complete stcd examinations at one and three months

after treatment (a total of six negative stools) and acomplete or marked symptomatic im-
provement.

I Table 2.—Pretreatment and Postreatment Symptoms ●

Pretreatment Posttreatment

I Symptom Cured (S2) Failure@ (13) Cured (52) Failure.st (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
Intermittent

constipation 11 2 0 2

Al%rominal cramps 12 3 3 0
Distention 16 5 1 2

Flatulence 31 8 5 4

Fatigue 17 5 3 1

At least one

I posttreatment
symptom 17 8 I

●sixty-fivesymptomatic cases with complete follow-up. Twelve asymptomatic cases not
inclucfa. -

teased on the persistence of E /rc3tolyf~c.spafasits in Posttr-tment stool specimens.

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

Materials and Methods

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

symptoms from their infection.
Criteria for inclusion in the study

included the finding of E histolytica

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

The criterion for parasitologic cure
was the absence of E histolytica para-
sites in three stool examinations car-
ried out one and three months follow-
ing the completionof treatment, for a

total of six negative specimens. .411
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

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

‘“4.,4” %..-. x.

isxline, zinc sulfate, ”and””formal~,,
hyde-etherconcentration,andam$g
biccultureutilizingIiver-chole
broth.Dobell’shematcmylin-st
slidesweremadefromanyspecimen
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 pr~
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 mglkg of
body weight daily in three divided
doses for ten days.

Pretreatment and immediate post-
treatment white blocd 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-
Iogically 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 parasit~
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+endemic areas between the one-
----”~d three-month follow-up examina-

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

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

In the successfully treated sympto-
matic group, all those with symptoms
of anorexia, nausea, constipation, and
weight loss, were free from these
symptoms following treatment. Ele\--
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

- “-.ree of 17 people who had had this
nplaint (Table 2),
Twenty-six patients who had com-

plete follow-up had coincidental En-
tamoeba 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 pst-
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 S3% in the 77 diloxa-
.de furoate-treated patients with

adequate follow-up, are similar to
those of the two previous studies of

,,
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I Table 3.—Side Effects* I

I Recorded %
Flatulence 78 87,4

“One hundred patients treated with diloxa-
nide furoate. Nine~ were followed up and
recorded and ten were in agroup with no
or an incomplete follow-up.

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

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

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-daJ-
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.9 There are no val-
id reports on the effectiveness of
this combined regimen in the more
chronic forms of amebiasis, but cure
rates of SO%to 90% should be obtain-
able. However, this regimen has nu-
merous drawbacks, including (I) a
prolonged course of treatment, (2) the
not infrequent occurrence of di-
arrhea, (3) the potential risk of bacte-
rial and monilial overgrowth, (4)
teeth discoloration in children due to
the tetracycline; and (5) the potential
for reactions to iodine with diiodohy-
droxyquin. Diiodohydroxyquin, by it-
self in a 21-day course, is usually well
tolerated and provides cures on the
order of at least 75% in chronic ame-
biasis,’” but again there is a rather
prolonged course of treatment and i~
din~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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/J,$’. “about 50% ofcaws~Althoughitis
f.:-normallywelltolerated,fatalitiesas::5’.-,
‘- a resultof exfoliative dermatitis,.7.-

. - liver necrosis, or hemorrhagic en-
cephalitis have been reported.”
Glycnbiarsol (Milibis), is also an ar-
senical and when given alone, the
cure rate is disappointingly low. ” Al-
though side effects are fewer with
glycobiarsol than with carbarsone,
isolated instances of arsenical tox-
icity have been reported. ” In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenical
should be used for a chronic condition.
Metronidazde has been heralded as
the most effective drug for all forms
of amebiasis. Although metronidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis,” claims that it is superior to pri-
marily luminal-acting drugs, when
used by itself in noninvasive forms of
amebiasis, are not substantiated in
all studies. Quite favorable results
were obtained by the use of metro-
nidazole alone in various dosage regi-
mens in Pakistan” and India.” But
studies in Bangkokzo and Londonz’
showed metronidazole by itself to be
much less satisfactory for the treat-
ment of noninvasive forms of am++
biasia in the lumen of the bowel. In
the London study, caried out at the
Hospital for Tropical Diseasea, 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 troubIwome. 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
ctdoroquine phosphate, concomitant
with or following the use of some of
the drugs discussed, is often em-
ployed as a precautionary measure
against the psible 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

1604 JAMA, June 18, 1973 ● Vol 224, No

and may be additive to those caused
by primary bowel-active drugs, such
as diloxanide furoate (or tetracy-
cline, metronidazde, or diiodohy-
droxyquin used in other studies), and
since we have not encountered ame-
bic liver abscess following the use of
these drugs, chloroquine phosphate
has not been used as a routine pre-
cautionary measure in the treatment
of the usual noninvasive amebiasis
patient in our unit.

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

Although diloxanide furoate by it-
self may not be a satisfactory treat-
ment for acute amebic dysentery,’-’ it
holds great promise as a luminal
amebicide in a follow-up course of
treatment to metronidazole in cases
of acute amebiasis, particularly if di-
Ioxanide furoate becomes licensed
and readily available for treatment of

amebiasis in this country. This combi-
nation of metronidazole (in a dose of
500 to 750 mg three times a day for
five to ten days) followed by a ten-
day standard course of diloxanide fu-
roate, could possibly represent a near
ideal regimen for acute amebic dys-
entery and could also possibly lead to
an even higher cure rate in nondys-
enteric amebiasis than either drug
alone. It might also prove superior to
the present commonly used regimen
of a course of metronidazole followed
by 21 days of diiodohydroxyquin ther-
apy, which was recently reported to
have been followed by the appearance
of amebic liver abscesses in five pa-
tients whose amebic colitis had been
successfully treated with these two
drugs.” We are presently evaluating
a regimen of metronidazde and di-
loxanide 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

.2

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
d Trademark of Drug

Metronidar.ole-F’fugyL
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+~ 4*+$% .lb~tr~ct. The second symptomatic cwe 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 metronidazole, all symptoms

@v &
cleared and the parasite was no longer present in the stool.

\% @
4’*QP Human infection with Entumoeba polecki is

Reprinted with perrnissi,on
through the cOpY@tit

Clearance Center

—.

u
rzre and the parasite has been confused micro-

scopically with Entamoebu histolyticu.’ It is
generally considered not to be a pathogen for
man. Herein, we report a case of prolonged

symptomatic E. polecki intestinal diseme in a
patient in whom medical treatment for the organ-

ism resulted in the first clinical and laboratory

cure, This is the 20th human case repated, the

second in which the patient had been symptomatic.

C.4SE REPORT

D. Mc?i.. a 2+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. be had no prior
history of gastrointestinal disease. However,
while in .\ frica, he experienced multiple episodes

of dysente~ difignosed as both amebic and bacil-

la~. \Vi~h e~ch episode he was treated with
appropriate therapv and obtained temporary

symptomatic improvement.

M“hen discharged from the Peace Corps in June
1976 he again experienced abdominal pain and

diarrhea and was successfully treated for hook-

.Accepted 1S September 197S.

* The opinions or assertions contained herein are
the private ones of the authors and not to be con-
strued as oiiicial or reelecting the views oi the XaW
Department or the naval service at large.

.Addresj reprint requests to: C.<PT. G. T. Strick-
land. SfC, ~SX-. Department oi }ledicine. ~niiormed
Services ~ni~-ersity oi the Heslth Sciences, 4301 Jones
Bridge Road, Bethesda, Maryland 2@314.

Services

worm infection, Nevertheless, he continued tc
have mucoid stools, diarrhea, nausea, headache

weakness, malaise, and abdominal cramps, Hi.
W.4ght,which had been 155 Ibs in June 1974, wa,

134 Ibs 2 years later.
In September 1976 the patient was first seen

at the National Naval Medical Center for inves.

tigation of his continued gastrointestinal com-
plaints. At that time his physical examination

was unremarkable, other than mucoid stool on

rectal exam. .\ stool specimen obsemed for para.

sites showed a heavy infection with Entarnoeh
polecki and he had a 26% eosinophilia ~Fig. 1).

The patient was begun on a course of metroni-

dazole, 750 mg three times per day for 10 day

and diiodohydroxyquin, 650 mg three times per
day for 20 days. Although subjective improve

ment occurred and the parasite was absent frorr

the stool briefly, both E. polecki cysts and hi:
symptoms recurred ( Fig. 2 ). Over the next 1C

months the patient received numerous courses o!

treatment with anti-amebicides, with no sust~inec
resolution of either symptoms or presence O;

the organism in his stool specimens. althou~}
symptomatic improvement often coincided witl

reductions in numbers of cysts in the feces durinc

therapy. Extensive laboratory investigations seek
ing another cause of his diarrhea and or eosino
philia were normol or negative and are listed ir
Table 1. .U1 routine Iabora[ory tests were normo!
.~ total of 31 stool specimens were exsmined wit!

no other intestinal parasites obsened. .Sc//i~to

sonw h~etrwtobium were not present in the urine

Repeated thick blood films did not show filarise

However, eosinophilia vms idw3ys present md

although it diminished after successful therap:

for the E. polecki, it persisted ~Figs. 1 md 2 I

In July 1977, the Iuminal agent. dilomnich
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FmuRE1. 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 750

mg three times per day, diloxanide furoate was

‘“qfor 10 days, 500mgthree times daily. Upon
detion 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-

(ivenegati\,e stool exams over the past 12 months

art~ O~Y rarely has a loose stool following a

dietary indiscretion, e.g., excessive beer consump-

tion.

D1SCVSS1OK

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, .\lmost 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 ‘

Oi&.nl!a, f“,w,.
1“ ‘1
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Course of illness showing symptoms, E pokcki cysts in stools, eosinophil count, and treatment
fi””~~mz~ ~eml[n$ a~ymptomatic and parmite free through June 1978.
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TABLE1
Laboratory studies performed to detect a potential

cause oj diwrhca and eosirrophilia other than Ent-
amoeba polecki, .4U had normal results

— .—

Serolo~*

.imebic IH.4 ( x 4)
Sc!ristosomal CIT and IF.4
Tri(hirretia L.+ slide test
Filarial BFT md IH.4

Procedures

Sigmoida<copy ( X ?)
Rectal biops:- ( hktologicaI and press exams)
Barium enema
Gall bladder series
Duodenoscopy and small intestinal biopsy
Duodenal aspirate examination
L-pper gastrointestinal series With small

bowel iollow through
—

● lH.\, indirect hcmagglutination teat; CFT, complement.
tisation test. IF.4, iodirect fluorescent antibody test; LA,
latex =Iulination: LIFT, knconite fkcula[ion test.

Differentiation between cysts of E. kistolytica,

E. )oiecki, and E. cofi can be difficult.1; There

are five major points of distinction between E.
/ti~to/ytica and E. polecki, the two amebae most

often confused. First. E. polecki has a single
nuc!eus with only about 1?C of cysts reaching a

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

seen containing 2--1 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 cysts diameter and contains a large
kaVosome with variations of the chromatin pat-
tern, In con[rasr. the E. histolytica nucleus is

lorger. being one-third to one-half the cyst’s
diameter, with a sm.dl lc3ryosome md uniform

distribution O( peripheral nuclezr chromatin.
Third. E. polecki cystsrarely have giycogen
vacuoles which are commonly seen with E. his-

to[ytic~. However, an inclusion mass—a darkly

stained body 3–4 [imes the size of the nucleus—is

oiten found in the cytoplasm of E. ,rMecki. It is
not found in E. hisfol)’tic~. Fourth, E. h;stolyticu

usually contains less than ten chromatin bars:
E, polecki may have as many as thirty-. Firmlly.

E. his:olytic~ is readily treatable: whereas, E.
polecki is virtually refracto~ to therapy.’ E.
poiecki is not invasi~-e beyond (he intestine:

wherein, E. hisr~~ytic~ i: well known for extra-

intt’stinol complicl[ions.

1
i

AND STRICKLAND :
?

‘his is only the second recorded case oi

tomatic illness secondary to E. Polecki ii
infection. Levin and Armstrong reported,
year-old female Peace Corps volunteer sta

’4in 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 aft
leaving Africa until he was finally successf~

trea[ed, Furthermore, his diarrhea during the
years in Africa could have been at least in ~r

due to E. polecki infection.
This infection has never previously been W

cessfully eradicated from a human host. Mtc

9 months of follow-uP, with 12 negative stm

examinations, we consider the patient’sinfectio

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

time that diloxanide furoate had been w

specifically to treat E. Pokcki infection. I
Usedasa Iurninal amebicide, and when combine

with metronidazole is considered an ideal regime

for acute amebic dysentery.’ ‘0 Side effects a

virtually nonexistent with the exception of i

creased flatulence. It is also useful to eliminat

cyst carriers and as an adjunct to metronidazol

in treating amebic liver abscesses.1’ It is n

known whether diioxanide furoate alone is S

ficient to cure E. polecki infections. .+ combin

tion with metronidazole, as used to trea$ o

patient, may be required.

We found no explanation for this patient

persistent eosinophilia. Blood smears and ser

logical tests for both filariae and trichinosis we

negative, as were repeated stool examinations f

other intestinal pamsites wtd a duodenal qspira

ioolcing for .Strorr@oides stercorufis. There v

no clinical or laboratory evidence for a collag

vascular disease, allergies or leukemia.
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+Q 4f?%\% .4bstract. The second symptotmttic case of Enfarnoebu 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

@v++ the stool. Following treatment with diloxanide furoate and metronidazole. 3J~ symptoms
<$ .M(

..e’!%$$

cleared and the pamsite was no longer present in the stool.

<*;QP’-
Human infection with Entumoebo ~olecki is

rare and the parasite has been confused micro-

scopically with Entumoeb~ histolytica.’ It is

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

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

Clearanca Center cure. This is the 20th human case reported, the
second in which the patient had been symptomatic.

CASE REPORT

D. McK.. a 24-year-oid 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 .4irica, he experienced multiple episodes

of dysente~ diagnosed as both amebic and bacil-

la~ Ivith e~ch episode he was treated with
~ppropriate ther~py md obtained temporary

S}.mptomltic improvement.

\\”hen discharged from the Peace Corps in June

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

.4ccep!ed IS Scplember 1975.

* The opinions or assertions contained herein are
the private ones oi the authors and not to be con-
strued 3s oiiicial or reelecting the Vle Ws O( the sa~”~

Department or the naval service at large

.Address reprint requests to C.\PT G. T Strick-
lmd. }lC. L’SX. Department or’ \Iedicine. L“niiormed
Services t__ni\-erslty 01 the He3i Lh Sciences, 4301 Jones

Bridge Road, Bethesda, !wlaryl~nd 2(X14.

worm infection, Nevertheless, he continued ((

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

134 lbs z years later.
In September 1976 the patient was first seer

at the Xational Naval Medical Center for inves

tigation of his continued gmtrointestinal com-

plaints. M that time his physical examination

was unremarkable, other than mucoid stool or

rectal exam. .% stool specimen obsemed for para

sites showed a heavy infection with Enhsmoe5i.
polecki and he hsd a 26% eosinophilia (Fig 1).

The patient was begun on a course of metroni

dazole, 750 sw three times per day for 10 day

and diiodohydroxyquin, 650 mg three times pe
day for 20 days. Although subjective improve
ment occurred and the parasite was absent fror

the stool briefly, both E. polecki cysts and bi
symptoms recurred I Fig. 2 I. Over the next II

months the patient received numerous courses o

trewment with anti-amebicides, with no justjine
resolution of either symptoms or presence o

the organism in his stool specimens. althoue
symptomatic improvement often coincided WI I

reductions in numbers of cysts in the feces durir

therapy. Extensive Iabomtory investig~tions see
ing another cause of his diarrhea md or eosin
philia were normal or negative tnd are listed

Tlble 1, .+11routine Iabomtory tests were norm:
A total of 31 stool specimens were ewmined wil

no other intestinal ptrasites obsemed .ScLisf

somo h~ematobiz[m were not present in the urin(

Repeated thick b(ood films did not show fil~ru

However, eosinophilia was always present ar

although it diminished aiter successful ther~

for the E. polecki. it persisted I Figs. I md ~ I.

In July 1977, the Iuminal igent. dilowni
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~ICUR5 1. Representative E. pelt-rki cysts The Iiaryosome k large in comparison with the nucleus and
chromatin & abundant in the nuclear membrane. Chromatoid bodies are numerows (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.

FoUowing a 10-day course of metronidazole 750

mg three times per day, diloxanide furoate was
_&l~ for 10 days, 500 mg three times daify. L“pon

‘“{etion of taking both agents, he noticed
,.ctive improvement in his condition with

resolution of abdominal cramps. more formed,

less mucoid S;OOIS 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 negatil,e stool exams over the past 12 months

and OdY rarely has a loose stool following a

dietary indiscretion, e.g., excessive beer consump-

tion.

DISCVSSIOX

Entamoeba )zolecki 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.2 The life cycle includes both [ropho-

zoite and cyst stages, although trophozoites are

infrequent]!’ seen in the stool. .Mmost exclusi~.ely

described as a parasite of pigs and monkeys, it has

been found in human stools on rare occasions.’ ‘-e

Transmission from certain domestic animals.

particularly pigs and monke)s, is [he mos[ likely

source of infection, bu{ human -[o-human spread

has also been suggested ‘
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V“,c,c,,n.

utim*,z**
kdOm*dmJ.yq.,”

LawlOph,l. ~126% 47% 2!s 26% ?1% 21\ 6‘. 6,. 22,.
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,W 2. Course of illness showing symptoms, E pol?rkl CYSK in stools, eosinophil count. and tre~tmcn[
~-= patient remains asymp[omatic and parasite irec through June 1578.
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SALAKI, SHIREY, AND STRICKLAND :

~
,:

l%is is only the second recorded case of

tomatic illness secondary to E. Polecki bl
infection, Levin and Armstrong reported

TABLE1
Laboratory sf udiff perjortrwd to drftct a potential

cause o/ diwrhca and eosinophilia other than Ent -
amoeba polecki. .4U had normal rf~ul(j

$krolo~’
.+mebic lH.4 ( X 4)
Schistosomal CFT Ind IF.+
Trifhintila L.4 slide test

FilariaI BFT Jnd lH.4

Procedures

Sigmoidoscopy ( X ? )
Rectal biopsj (histological ~nd press exams)

Barium enema

G311 bladder series
Duodenoscopy and small intestinal biopsy
D!!odenal aspirate examination
Upper gutrobrtestinal series with small

bowel IOIIOWthrough
—.

● IH.4, indirect bcmaggtuti”nation test; CFT, cOmpkmeOt-
tisacion Ies(, IF 4, indireet fluor~ent mtitody test, LA,
latex agglutination: BFT, tmntooite ftoccula!ion test.

Differentiation between cysts of E. histolyticu,

E. Polecki, Jnd E cofi can be difficult,’7 There

are iive major points of distinction between E.
histolytic~ and E, polecki, the two tmebae most

often confused. First. E. polecki has a single

nucleus with only about 17. of cysts reaching a

binuclea[e stage. E. Ilistolv(icu is infrequently

uninucleate, and usually more mature cysts are

seen containing 2-4 nuclei. The presence of only

single nuclear forms in the stool should raise the
suspicion of E. polecki. Second, the nucleus in the

cyst of E. Polecki is usually one-fourth to one-

third the cysts diameter and contains a large

kJ~osome with variations of the chromatin pat-

[errr. In contrast. the E Jri.rfolyticu nucleus is

kirger, being one-third to one-half the cyst’s

diameter, with a smell k~ryosome ~nd uniform

distribution or’ peripheral nucleir chromotirr
Third. E. Polecki cysts r~rely have giycogen
wcuole~ which Ire commonly seen with E. his-

folvtic~. Howe\er, an inclusion mass—J darkly

s[Jined body 3-4 times the size oi the nucleus—is

oiten found in :he c!(opl~sm oi E polecki It is
nor found in E hijfol.vfic]. Fourth. E. )li~toi.vficu

usually con[~ins less thsn ten chromotin bars:
E polrcki may hive IS m~ny as thirty, Finally.

E, h~s:olyfic~ is re~dily treJtable; whereas, E.

pcrlecki is virtudl~reiractor-y to therapy. ~ E.
P,,lecki is not invosive beyond the intestine:
where~:. E li~s;oljric~ is Men know-n ior extra-

intes[inol complic3tion5.

year-old female Peace Corps volunteer sta~
in India with documented infestation f#
months, the last 7 months away from the

sumed contact area in India. 1 Our patient
sisted in having uncontrolled symptomatic

polecki intestinal disease for 10 months

leaving .%frica until he was finally successf

treated. Furthermore, his diarrhea during th
years in Africa could have been at least in

due toE. polecki infection.

This infection has never previously been

cessfully eradicated from a human host. A

9 months of follow-up, with 12 negative s

examinations, vie consider the patient’s infec

to be cured. To our knowledge, this is the

time that diloxanide furoate had been

specifically to treat E. polecki infection. I

used as a Iuminal amebicide, and when combi

with metronidazole is considered an ideal regim

for acute amebic dysentery.’ ‘0 Side effects

virtually nonexistent with the exception of

creased flatulence. It is also usefu[ to elimin

cyst carriers and as an adjunct to metronidaz

in treating amebic liver abscesses. ~’ It is

known whether diloxanide furoate alone is

ficient to cure 1?. polecki infections. .~ comb

tion with metronidazole, as used to trea~

patient, may be required.

\$’e found no explanation for this patie

persistent eosinophilia. Blood smears md s

logical tests for both filariae md trichinosis w

negative, as were repeated stool examin~tions

other intestinal paruites md 3 duodenJl ~spi

looking for Strongyloides $tercorJis. There

no clinical or laboratory evidence for a colk

vascular disease. allergies or leukemia.
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NO’17CE – Treatment With Diloxanide Furoate
I p,,; MATER!AL MAY BE PROTECTED BY
COPYRIGHT LAW (TITLE 17, W. CO13E)
Diloxanide furoate,an investigational,amebicidal drug in the United
States, was given in a ten-day course of 500 mg threetimes a day. This

therapy ledto parasitologicand symptomatic cure inall12 asymptomatic
cystcarriersand in 52 of 65 patientswith nondysenteric, symptomatic,
intestinal amebiasis who had all contracted Entan?oeba hkto/ytica
infectionswhile abroad. Criteria forcure were the absence of E hhfo/yfica
parasitesin three complete stoolexaminations, one and three months
followingcompletion of treatment, and complete or marked symptomatic
Improvement. Excessive flatulencewas a common, but the only

significantside effect.The high effectiveness(83’70cure rate), relative
ease of administration,and minimal toxicityof diloxanidefuroate
indicatesthat thisdrug has numerous advantages over other primarily
Iuminal-actingamebicides presently availablein thiscountry 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

i a nondysenteric chronic or suba--
! form of infection. Similar find-

,s are also reported in retu mees 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 Enta moeba histolyt ica
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 wate~ to mushy

From tie TropIcaI Medicine Unit, Offic-t of
Medkd %rvi~s, Department of State, Wash-

In@n, DC.
Red in part before the 20th annual meeting

.=-.. e American Swety of Tropical Medicine
Iygiel.e, Boston, Dec 3, 1971.

.+rint requests to Oflice of Medical Services,
Department of State, Washington, DC X)5~
(Dr. Wolfe).
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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 s~called
chronic amebiaais, 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 as amebicides and one of them,
dichloroacet -4- hydroxy - .Y - methyl-
anilide, was selected for further in-
vestigation. Ultimately, after exten-
sive laborato~ 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 deri~atives examined,
the furoate ester not only gave bet-
ter results in acute amebic dysentery,
but in the asymptomatic cor,dition as
well; it also w-as 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 bow-e] and excreted from the
body, thus providing a higher concen-
tration in the bowel wall and lumen
for a longer period of time. Diloxa-
nide furoate has been used exten-
sively outside of the United States
for more than 15 years in the treat-
ment of amebiasis, but has not been
licensed in this country and is re-
stricted by federal law to investiga-
tional use. Early studies carried out in
various parts of the world with di-
loxamide furoate used by itself, both
in indigenous populations in highly
endemic amebiasis areas, and to a
lesser extent in returnees from ame-
biasis-endemic areas to England and
France, have claimed cure rates of
more than 90% in the chronic forms of
amebiaais and cure rate-s in the range
of 80% in the treatment of acute ame-
bic dysentery.’3 However, diloxanide
furoate gave only a 40% cure mte and
was considered inadequate treatment
for acute amebic dysentery encoun-
tered in Durban, South Africa.’ Other
workers also consider diloxanide fu-
roate inferior to other better-ab
sorbed drugs in acute amebic dysen-
tery where there is significant tissue
invasion. ”

The only previous studies of diloxa-
nide furoate in the United States
were by McHardy in 1960 who re-
ported a 90% cure rate in asympte
matic amebiasis patients (Panel on
Diarrhea] Disease, clinics! 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 W%,
Neither of these investigators re-
ported significant toxicity.

With its reported high effec-
tiveness, relative ease of adminis-
tration, and minimal toxic effects, di-
Ioxanide furoate appeared to have
numerous adt’antages over other
primarily luminal-acting amebicides
presenLiy available in the United

DiloxanldeFuroateinAmebiasls-Wolfe 1601
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1[~~,“-. Table 1.-Resutts*..?.,
!-’

Curedt

Follaw-Up
~

TmN:k
timdeta

~1’
I ‘-As~rnptomatic cases 12 12 100 I

;

J

.:

Symptomatic cases 65 52 so
Total 77 S4 83
Incomplete (eliminated)

Asymptomatic cases 6 .,. . . .
.Symptomatic cases 17 . . . . . .

Total 23
Grand total 100

●One hundred cases treated with diloxanicie furoate,
tf3=edon three negative results from complete stcd examinations at one and three months

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

Table2.—Pretreatmentand PostreatmentSymptoms ● 1

I Pretreatment Posttreatment
I

I Symptom Cured (S2) Failure@ (13) cured (52) Failrsrest (13)
Ar#rexia 7 2 0 0 {
Naused 6 2 0 0
Weight loss 10 1 0 0
Mushy stools 40 8 11 4
Watefy st@s 1 1 0 0

Intermittent
const ipaticm 11 2 0 2

Abdominal cramps 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 .9

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

tSaeed on Use persistence of E hisfoly?ica parasites in posttnmtment stool specimens.

States for the treatme:lt of non-
dysenteric forms of amebiasis. A new
drug investigation application was
tiled with the Fod and Drug Admin-
istration for diloxanide furoate, and
the studv to be described was earned.
out from June 1970 thr.wgh Decem-
ber 19’71.

Materialsand Methods

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

Criteria for inclusion in the study
included the finding of E histolytica

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 w-as obtained from all
patients. Pretreatment and post-
treatment proctoscopic examinations
were not routinely carried out.

The criterion for parasitologic cure
u-as the absence of E h istolyt ica 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. .411
stool examinations were performed
by the parasitology laboratory of the
Department of State OffIce of Medi-
cal Senices, Each examination con-
sisted of direct smears in saline and

aiodine, zinc sulfate,’ and forma~:
hyde-ether concentration, and arn
bic culture utilizing Iiver-cholestero
broth. Dobell’s hemat.mylin-stainti
slides were made from any specime
containing suspicious parasites.
some cases, when patients had bea
suddenly reassigned or were abroa
at the time of follow-up, specimen
were sent to our laboratory
thimerosal-iodine-formaldehyde pr
servative, and direct smear and co
centration technique were pa-forma
on these specimens.’ Complete
marked symptomatic improvement
was also necessary to consider an in

dividual to be cured.
All subjects were treated on an ou

patient basis. Adults were given
course of 500 mg of diloxanide fu
roate three times daily for ten day
and children were given 20 mglkg
body weight daily in three dividti
doses for ten days.

Pretreatment and immediate pos
treatment white bled cell count, h
matocrit reading, and urine albumir
and sediment examinations were per
formed by the clinical laboratory o
the Department of State Oflice 0
Medical Services. Following the com
pletion of the treatment course, pa
tients were questioned as to th
occurrence of side effects an
improvement in symptoms.

Results

Twenty-three patients did not hav
satisfactory results of posttreatmen
follow-up Stool examinations an
were eliminated from the study. S
of these were asymptomatic and th
other 17 were symptomatic.

All 12 of the asymptomatic patienl
who had complete follow-up had s
negative results for stool examin:
tions and were considered parasit<
logically cured.

Sixty-five symptomatic patienl
had complete follow-up and 52
these were considered parasitology
ically cured and symptomatically im
proved, a cure rate of 80% in th
group (Table 1). Of the 13 parasit
logic failures, five had comple
symptomatic improvement, while
least one pretreatment symptom p<
sisted in the remaining eight. Nine
the 13 treatment failures were mal
fested at the one-month follow-up e
amination and two of those fou

Dtloxanlde Furoate [n Ameblasis– Wo



positive at the three-month follow-up
examination had traveled to amebia-
~i~.endemic areas &tween the one-

~. d three-month follow-up examina-
‘ms. Six patients with treatment

Lai}ure were given a second course of
diloxanide furoate and three were
cured, but E histolyttia 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 satisfacto~ 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. Ele\--
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 tQ have this dis-
turbance. Fatigue penisted in only

._ ree of 17 people who had had this
– nplaint (Table 2).

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

tumoefm hurtmantzt’ 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 ail 12

symptomatic patients, and an over-

— cure rate of 83% in the 77 diloxa-
e furoate-treated patients with

-dequate follow-up, are similar to
those of the two previous studies of

JAMA, June 18,1973. Vol224,No 12
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I Table3.—Side Effects” I

I Recorded %
Flatulence 7s S7.4 I

-
●One hundred patients treated with dilOXa-

nide furoate, Ninety were followed up and
recordedand tenwereina groupwithno
oran incompletefollow-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-
Ioxanide 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
3.5 patients with chronic amebiasis
u-hen given a standard ten-day course
of diloxanide furoate. However, in
that study the mean number of fol-

low-up stool examinations was onl$

1.$; 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
treat merit.’ 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 sideeffectsobtainedinthis
study with a ten-daycourseofdiloxa-
nidefuroatecomparesfavorablywith
and in many respects is superior to
other amebicides usedintheUnited
Statesand elsewherein 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 Q 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 diiodohydroxJ--
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 cmrse of treatment, (2) the
not infrequent occurrence of di-
arrhea, (3) the potential risk of bacte-
rial and monilial overgrowth, (4)
teeth discoloration in children due to
the tetracycline; and (5) the potential
for reactions to iodine with diiodohy -
droxyquin. Diiodohydroxyquin, by it-
self in a 21-day course, is usually well
tolerated and provides cures on the
order of at least 75% in chronic ame-
biasis,’( but again there is a rather
prolonged course of treatment and i~
dine-sensitive individuals cannot use
it. Also, this drug, though to a far
lesser degree than the related com-
pound iodochlorhydroxy quin (Entero-
$’ioform),” 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% ha}’e 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. ” Carbamone, an arsenical, when
emp!cyti alone is curative in only

Dtloxanlde Furoate inAmebiasis-Wolfe 1603
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“about 50% of caseaf Although it is
normally well tolerated, fatalitie9 as
a result of exfoliative dermatitis,
liver n~rosis, or hemorrhagic en-
cephalitis have been reported.”
Glycobiarsol (Milibis), is ako an ar-
senical and when given alone, the
cure rate is disappointingly iow. ” A1-
though side effects are fewer with
glycobiarsol than with carbarsone,
isolated instances of arsenical tox-
icity have been reported. ‘e In view of
the wide range of amebicides avail-
able, it is doubtful whether arsenical
should be used for a chronic condition.
Metronidazole has ken heralded as
the most effective drug for all forms
of amebiasis. Although rnetronidazole
has been shown to be highly effective
in acute invasive forms of amebi-
asis, ” claims that it is superior topri-
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 metr~
nidazole alone in various dosage regi-
mens in Pakistan” and India. ” But
studies in Bangkok~O and London”
showed metronidazde by itself to be
much leas satisfactory for the treat-
ment of noninvasive forms of amc+
biasia in the lumen of the bowel. In
the London study, carried out at the
Hoapit.al for Tropid Dis&ses, it was
concluded that the cure rate in these
forma of amebhis was no higher
with metronidazole in adequate dines
than with diloxanide furoate alone,
and side eflects were more common
and troublesome. It was thought that
metronidazole is less effective as a
Iuminal amebicide because it is al-
most completely absdwd 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 = a precautionary measure
against the possible subsequent oc-
currence of amebic liver abscess.’z
The later development of amebic liver
abscess is a rare occurrence in weil-
nourished, otherwise healthy individ-
uals with nondysenteric amebiasis
who comprised the subjects of the
present study. Since side effect-s 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 encounter 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
arnebicide in a follow-up course of
treatment to metronidazole in cases
of acute amebiasis, particularly if di-
loxanide furoate becomes licensed
and readily available for treatment of
amebiasis in this country. Thiscombi-
nationofmetronidazole(inadoseof
500to750mg threetimesa 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 murse 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-
loxacJe furoate in a series of pa-
tients with more acute signs and
symptoms of amebi~is than those in-
cluded in the present investigation,
wherein diloxanide furoate by itself
has heen shown to be an effective,
safe, and simple regimen for the

treatment of clmnic 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.

Nonpraprfetary Name
and TrademarkofDrug

Metmnidaxole-1’logy(.
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TSLWSACIIONS OF THE ROYAL SOCIEn OF TROPICALMEDICIXEAXD HYGISE, VOL. 77, No. 6, 845-S46 (1983) S4s

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

between
furoate

PEHROLOV PEHRSOX AND ELIAS BENGTSSON

Dep~. of Infecttim.s Diseases, Karolimka Zrwtitute, Roslagsrull Hospital, BOX S6S1, S-1 1489 Stockholm, Sweden

Susnsnary
Tinidazole (40 mgkg body-weighr in one daily dose for fivedays) and tinidazole (same dew) plus

dilosrarside fitroate (20 rngjkg body-weigh! ,tivided into timx daily doses for 10 days) were compared
as treatments for arrsceblasls. The parasmc cure rates were 44 and 910/0 respecuvely. We cannot,
therefore, recommend tinida.zoie alone in this dosage as a treatment for non-invasive amoebiasis.

Introduction
Tistidazole (Fasigyn) has recendy been widely used

as an alternative to mewotidazole for the treatment of
infections wtth Entamoeba histolytica. 1ssa previous
study (PHtRSON, 1982), tinidazole was given to a
series of patients with chronic intestinal or asyrnp

–—Imatie amoebiasis. when checked by at least three
d specimens taken on different days, one month

~ter treatment, we found a parasitic cure rate (jr.C.r. )
of O% (0/14). This should & compared with the
results obtained in other studies, showing a cure rate
of 77 to %Yo (MtsttA & LAIQ, 1974; PtWC.ASH el al.,
1974; JOSHI & SHAH, 1975; BAKSHI el af., 1978),
using the same dosage schedule but mainly in cases of
acute intestinal amoebiasis.

To investigate the reasons for the unsatisfaclow
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 OU[a new trial with a higher daily
dose of tinidazole and compared the effea of this
higher dose with that following treatment with
tinidazole and diloxanide furoate (Furasnide) in com-
bination. This latter was found to be an effective
intrahuninal amoebicide (W~DRGFF & BELL, 1960,
1%7; WOLFE, 1973), whose mode of action upon the
amoeba is unknown. We omitted Furamide as a single

‘regimen, because it is considered to be ineffective
against invasive arnoebiasis and there is always a risk
of developing an invasive form of the disease if
zymcdeme differentiation of strains of Enrarrroebu
hissolytica is not performed routinely [SARGEAU\T &
WILLtAMS, 1978; SARGEAUNT ef al., 1982).

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

diagnosed as suffering from amoeblasis. All of them were
supposed to have contrackd their infections abroad, as
amocbiasis is not considered to be endemic in Sweden. No
cases of acute, dysemeric arnoebiasis or diagnosal or
suspected cases of liver abscess were included. The patients

.= had not rtccived any anti-amoebic drug during the previous
ear. Nine of the patients had a concomitant infection with
.’umdw tarnblia, rwo with Shrgelkr fire”, two with Canrpy-

lobarrcr @rr, one with Salnwsulla pararyphi A, one with
Hymm&pss MUM, one with Arcarir [uwrbricora%sand one with
Trrcti uichiura

In a predetersnincd, random order, the pmients were
skated to two groups, 18 being treated with tinidaxole
?lone smd 23 with tbe combination, All were hospital
m-PSWU md kep under supervision duringrreatmem.

Dosage Sclrduh
(1) tirsidazole40 n@kg body-weight in one daily dose for five
S&s;
(2) tinidazolc as above plus diJoxanide furoatc 20 mgkg
body-weigh[dividedinto three dailydosesfor 10 days.

Approximately one mon~ after. the treatmentwaseom-

12%$NoE~K’!2 2eZs%e;m=~”Lf~;
these wss CISMillCd by tit SIliCCOSCOpyOffddyPSSS5ed,
loosefaecesreduced by a 50% magnesium sulpha;e purgative
and else other normally passed speeimcns were examined
by the forrnokfser-concentration technique dcscribcd by
RJDLEY& HAWGOOD(1956). Failure was defined as the
Persistence of amoebic trophozoites or cysts in any of dsesc
specimens.

Those in whom the treatment with dnidazolc faikd were
later treated with the combmarion of rinidaxole and dilox-
xnidc furoate and those in whom the combination failed were
treated with metronidazolc 40 mgkg 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. In no case were the side effects severe enought to
cause cessation of treatment. Statistical analysis was
made, using the chi-square test, and showed a
significant difference between the two groups on the
]%-level (two-tailed test) and in favour of the
combination. No differences could be found between
the response of,Swedes and that of the irtynigrarsts, or
between those infected on different continents (Asia,
Africa, South America). The presence of other
parasites did not se-em to affect the outcome of the
treatment

Discussion
Our resuks with tinidazole alone (#”h p.c.r.), in

treating non-dysenteric arnoebiasis, are unsatisfactory
and differ vet-ymuch from those obtained in previous-
ly published studies by different authors, using the
same dosage schedules (77 to %O/. p.c. r.) (ISLAM &
HASA!!, 1975; APTE & PACKARD, 1978) or lower
(MKRA& LAIQ, 1974; PRMMSHet al., 1974; JOSHI &
SHAH, 1975; BAKASHI ef rIL, 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 arnoebicidal effect of the nitroirnidazoles on
the cyst stage of E. histoi’ytica was observed by

i

‘i!
‘-

in
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Tabk I-Some ckcteri$tic~ ~rf treatment rcsufta of 41 patients with nom-invasive amo-ebiasis

Mmiian age Patients with Swcdes v. Parasitc- Parasite
(age range)

Treatment
symptoms v. orhcr free at cure

No. years asymptomatics nationalities check I-ale

Tinidazole
4om@gxl+v 18 28 (9-68) 11:7 8:10 8 44%1

Tinidazok 40 m@kg x 1
x V + difoxanide 23 26 (6-68) 15:8 11:12 21 92%
fkurtcSOOmgx3xX

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

We therefore believe that our poor results with
tinidazole alone are due to its ineffectiveness in
eradicating cysts in r-he [umen of the gut, either

/because o too effective absorption (MONRO, 1974)or
inactivation by aerobic organisms as shown by ~LF’H
& CLARKE (1978).

When tinidazole was combined with ddoxanide
furoate, we obtained a cure rate of glO/O, which may be
compared with studies by WOODRtJFF & BELL
(1%7), in which they reported a cure rate of95% in
amoebic cyst-passers treated with diloxanide furoate
alone for 10 days and WOLFE (1973), who found a
cure rate of 83°&using the same schedule. It is also
noteworthy that all our failures with tinidazole alone
have proved to k freed from their infection after
treatment with the combination.
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A. INGREDIENT NAME:

CHOLINE BITARTRATE NF XI

B. Chemical Name:

Choline Acid Tartrate, Bitartarato de Co~ 2-Hydroxyethyltrimethyhumnonium
hydrogen tartrate, (2-Hydroxyethyl)trimethylammonium Bitartrate

C. Common Name:

Colyne

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

(Minimum) (Result)
Assay 98.0% 99.7%

—

E. Information about how the ingredient is supplied:

White Crystalline Powder, odorless of ftint trimethylamine-like order, acid taste,
hydroscopic

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

Braz., Ger., Nerd., and Port.

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

Fovall, P., DyskeA M. W., and Lazarus, L. W. Choline bhartrate treatment of Alzheimer-
type dementia. Communications in Psychopharmaco!ogx 1980; 4(2): 141-145.

Beauregard, W. G. Dexpanthenol with choline bitartrate in the treatment of infantile colic.
Jburnal of the Louisiana State Medical Society, 1968; 120(3): 142-145.
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Information about dosage forms used:

Capsules
Tablets

Information about strength:

Capsules (500mg-2gm)
Tablets (500gm-600gm)

Information about route of administration:

Orally

Stability data:

Melts at about 150-151°

Formulations:

Miscellaneous Information:

_—_
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CERTIFICATE OF ANMJYSIS
------ ----- ----- ------ -

RODUC1’ : CHOLINE BITMTRATE
ELEJL5E #: 103145

.

. DESCRIPTION

. Identification

. Water

. . Residue on ignition

;. Heavy metals

). Asls

(anhydrous basis)
9

(uNCOATED)
LOT # :B60688F13

SPECIFICATIONS
------ ------- --

WHITE CRYST&LINE POWDER

TO pass test

0.5% max.

(Y.1% max.

20 ppm max.

98.0% min.
~—

RESULT
------

CONFORMS

passes test

0.02%

< 0.1%

< 20 ppm

99.7%

..,-

ATTENTION: TONY HATCHETT /’

/ //’,.

/

/

Date :06/05/97 Prepared by : &gg:<;,b7A. Whitney

10650 Approved by “+.,,‘“:’ -

our Order # 233927-1 Your PO # 52325’

—_ /

..-

/



QUALITY CONTROL REPORT.—

CHEMICAL -. :CHOLINE BITARTRATE N.F.

MANUFACTURE LOT NO. :B62966M18

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /NF /MERCK /-T. /CO.SPECS.—— . — — —“

l)DESCRIPTION .:

c
- WHITE CRYSTALLINE POWDER; ODORLESS OR FAINT TRIMETHYLAMINE-

LIKE ODOR; ACID TASTE; HYDROSCOPIC.

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

&
3)MELTING POINT.:

- MELTS AT ABOUT 150-151 DEGREES.

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION.:
A)COMPLIES (A) AS PER NF 10th PAGE 154.

B)COMPLIES (B) AS PER NF 10th PAGE 154.
C)COMPLIES (C,D) AS PER NF 10th PAGE 154.

PASSES. : FAILS .:

COMMENTS.:

ANALYST

PREPACK

SIGNATURE. : DATE. :

TEST. : DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

——



——. ------------------ IDENTIFICATION -------------------
PRODUCT #: 34449-4 NAME: CHOLINE BITARTRATE, 99?40
CAS #: 87-67-2
MF: C9H19N07

------------------ TOXICITY HAZARDS -------------------
DATA NOT AVAILABLE

------------------ HEALTH HAZARD DATA -----------------

ACUTE EFFECTS
MAY BE HARMFUL BY INHALATION, INGESTION, OR SKIN ABSORPTION.
CAUSES EYE AND SKIN IRRITATION.
MATERIAL IS IRRITATING TO MUCOUS MEMBRANES AND UPPER
RESPIRATORY TRACT.
TO THE BEST OF OUR KNOWLEDGE, THE CHEMICAL, PHYSICAL, AND
TOXICOLOGICAL PROPERTIES HAVE NOT BEEN THOROUGHLY INVESTIGATED

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

OF
WATER FOR AT LEAST 15 MINUTES.
IN CASE OF CONTACT, IMMEDIATELY WASH SKIN WITH SOAP AND COPIOUS

AMOUNTS OF WATER
IF INHALED, REMOVE TO FRESH AR IF NOT BREATHING GIVE ARTIFICIAL
RESPIRATION IF BREATHING IS DIFFICULT, GIVE OXYGEN
IF SWALLOWED, WASH OUT MOUTH WITH WATER PROVIDED PERSON IS

CONSCIOUS
CALL A PHYSICIAN
WASH CONTAMINATED CLOTHING BEFORE REUSE

-------------------- PHYSICAL DATA --------------------
MELTINGPT 151 CTO 153C

APPEARANCE AND ODOR
WHITE POWDER

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

WATER SPRAY
CARBON DIOXIDE, DRY CHEMICAL POWDER OR APPROPRIATE FOAM

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

TO
PREVENT CONTACT WITH SKIN AND EYES

UNUSUAL FIRE AND EXPLOSIONS HAZARDS
EMITS TOXIC FUMES UNDER FIRE CONDITIONS

------------------- REACTIVITY DATA -------------------
INCOMPATIBILITIES

STRONG OXIDIZING AGENTS



-
PROTECT FROM MOISTURE

HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS
TOXIC FUMES OF
CARBON MONOXIDE, CARBON DIOXIDE
NITROGEN OXIDES

--------------- SPILL OR LEAK PROCEDURES --------------
STEPS TO BE TAKEN IF MATERIAL IS RELEASED OR SPILLED

WEAR RESPIRATOR, CHEMICAL SAFETY GOGGLES, RUBBER BOOTS AND
HEAVY

RUBBER GLOVES
SWEEP UP, PLACE IN A BAG AND HOLD FOR WASTE DISPOSAL
AVOID RAISING DUST
VENTILATE AREA AND WASH SPILL SITE AFTER MATERIAL PICKUP IS

COMPLETE
WASTE DISPOSAL METHOD

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

CHEMICAL INCINERATOR EQUIPPED WITH AN AFTERBURNER AND SCRUBBER

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

CHEMICAL SAFETY GOGGLES
COMPATIBLE CHEMICAL-RESISTANT GLOVES
NIOSI-VMSHA-APPROVED RESPIRATOR
SAFETY SHOWER AND EYE BATH
MECHANICAL EXHAUST REQUTRED
DO NOT BREATHE DUST
AVOID CONTACT WITH EYES, SKIN AND CLOTHING
WASH THOROUGHLY AFTER HANDL.ING
IRRITANT
KEEP TIGHTLY CLOSED
HYDROSCOPIC
STORE IN A COOL DRY PLACE
IRRITATING TO EYES, RESPIRATORY SYSTEM AND SKIN
IN CASE OF CONTACT WITH EYES, RINSE IMMEDIATELY WITH PLENTY OF

WATER AND SEEK MEDICAL ADVICE
WEAR SUITABLE PROTECTIVE CLOTHING.

THE ABOVE INFORMATION IS 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
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1652 Vitamins

bchaviour apprcd to impruve in 2 patients in the first
24 hourz of the study. A dase of 10 g daily pmduccd
nausea, diarrhoea, and a small reduction in blmcf prcs-
sum.- W. D. Boyd et al. (letter), Lrncer. 1977, 2. 711.
Choline bitartrate had no beneficial effect in 3 elderly
patients with Alzheimcr’s disease. One patient became
incontinent withfoul odmsr.— P. Etienne ef al. (letter),
Lancet. 1978, /. 508.
1n a double-blind placebo-cmrirolled croaaover study, 3
of 10 patients with Alzheimcr’s diacaac seemed leas con-
fused following administration of choline 9 g daily (ss
the bitartrate) for 2 weeks. Exacerbation of pm-existing
urinary incontinence occurred in 3 patients, and some
patients suffered gaatro-intestinal discomfort; an addi-
tional patient, whoac dlagnoaia was changed to deprca-
sion, felt more depreaacd. Allhough the results were not
encouraging, possible benefit from choline therapy could
not be rrdcd out; it wax considered that the dow used
was too high.— C. M. Smith ●t af. (letter), .Lacef,
1978, 2. 318. Initial encouraging results had been
obtained followin administration of choline dlhydrogen

fcitrate 9 g daily or 21 daya to younger patients (under
65 ycam) with early Alzheimer’s diaeaac.— J. L. Sig-
noret ef al. (letter), ibid., 1978, 2.837.
The pathogcncais of Alzheimer’s disc—azc.—D. M.
Bowen ei al., l.artce;, 1979, f, 11; L Grundkc-fqbal ●t
al.. Lnrscet. 1979, 1, 578.
In a double-blind study of 18 women with Alzhcimer’s
diacase them wax no beneficial effect when choline
chloride 15 s daily was taken for 2 months.— E. B.
Rcnvoizc and T. Jerram (letter), NW Eng/. J. Med..
1979. 30/. 330.
Concomitant usc of piracetam and choline in patients
with seniledemcmiaof theAlzheimc.r’stype.—E.
Friedman●tal.(letter),NesuEngl. J. Med.. 19K1, 304,
I 490.
Sce also under Lccithina. p.55.

Further rcfcrenws Med. LMI., 1979, 2/. 34.

Trimerhy/amirrarria Adjustment of the diet to lower the
intake of choline to a minimal safety concentration was
effective within 3 weeks in controlling the production of
trimcthylaminc in a 13-year-old boy who had km suf-
fering from a fishy adour for about 7 years. While tri-
mcthylamine was still excreted in the urine it waa barely
detectable in the sweat and breath.— R. Marka et af..
Br. J. Derm., 1976, 95, SUPPI. 14, 1I.

Choline hitartrate 5 s given in 3 dasca at 8-hourly inter-
vals had been found useful as a diagnostic aid for
patients with trimcthylaminuria.— R. Marka et aI., Br.
J. Derm., 1977.96.399.

Proprietary Naores
Ncurotropan (It fing. Ger.).

7874-v

Cholitre Bitartrate. Choline Acid Ta rtrate; B

a to de fblina. 2-Hvdro~vethyltrimethy~

-3.

CAS — 87-67-2.

Pharmacopoeias. In Brcrz.. Ger., Nerd., and Port..F

A white, hygroacopic. crystalline pwder wi[h an acid
taste and a faint amine-like odour. Very solublein
wate~ slightly soluble in alcohol; very slightly aolublc in
acetone and light petroleum, practically inaoiublc in
chloroform and ether. Solutions are sterilised by auto.
claving or by filtration. Store in airtight containers.

Uaea. Choline bicartrate has the same actions as ,choline,
p.1651.

ProprietaryNmsee
Afa.cia A 56-year-old man with ccrcbellar ataxia
improved dramatically while taking choline 4 or 5 g

~C~ (ace also under Choline Chloride) (Scrita, J(crl.)

dailv.— N. J. Lcaa. Br. med. J., 1978, 2, 1403. An
carl;er report of i;provemcnt in cembcllar ataxia in a
patient treated with cbolinc chloride had not been con-
firmed in a further 13 patien~ they bad not bcrrc-
tited.— N. Lcgg (letter), Br. med. J., 1979, 2. 133.
None of 6 patients with hereditary ataxia benefited
fmm treatment with choline chloride 1 g four times
daily for a week followed, after a 2-week reaL by treat-
ment for a month.— D. V. Philcox and B. Kits (letter),
Br. med. J., 1979..2, 613.
Preliminary maulta of a double-blind crossover study in
8 patienta with Fricdreich’s ataxia, 6 with sporadic
ccrebcllar degenemtion, and 6 with atypical spi-
noccmbcllar degeneration with ccrcbcllar ataxia and
spasticity of the lower limlx showed some improvement
in up~r limb coordination after treatment with choline
6 or 12 g daily but only 2 patienta had improvement in
gait.— L R. Livingston and F. L. Masta81ia (letter),
Br. med. J., 1979, 2, 939.

B/epharospasrrs Passiblc benefit of choline in blepharoa-
pasm.— B. Skarf and J. A. Sharpe (letter), NW Eng/.
J. Med.. 1981, 305, 957.

Deficiency states. Evidence of choline deficiencyin15
patientsrccdvinstotalparcntcralnutrition.—M. E.
BtltietuJ.(letter).brtcct.1980,2.638.
Gilles de la Toarre?re’s syndrorrrc. For choline therapy in
Gillcs de la Tourctte’s syndrome see under bitbins,
p.55.

Hunrirrgron’s ckorea In 5 patients with Huntington’s
chores choline chloride 3 to 15 g daily produced doac-
dcpcndent elevation of free choline in plasma but had
little or no effect on symptoms.— S. -M. A uilonius

3and S. -A. Eckemas, Neurology, Minneap., 1 77, 27,
887.

Tardipe dyskirwim In a double-blind placebo-controlled
study of 20 patierrtz with tardive dyskincsia choline
chloride 150 mg per kg bady-wei8ht daily (in 3 divided
dosca) for I week increased to 200 mg per kg daily for
a second week, dccmaaed choreic movemcn~ in 9,
incrcascd them in 1, and had no effect in 10. Plasma
concentrations of choline increased from a range of 8.6
m 20.5 nmol per ml &fore treatment to 18.2 to
60. I nmol per ml 1 hour after a dose in the second
week.— -f. H. Growdon et a/., New Eng/. J. Med.,
1977. 297. 524,
In 5 patients with tardive dyskincsia choline chloride
150 to 200 mg per kg body-weight daily in divided
doses. or lecithin 21 to 105 g daily, reduced abnormal
movements, The bitter taste of choline, the development
of a fishy odour, and gastro-intestinal cffectx made lccl-
thin preferable.— A. J. Gelentrerg eI a).. Am. J. Psy -
chiat., 1979, [36, 772.

.

7875-g

C3sOfirseC3s30nde. Cholinii Chloridum. 2-Hydmxj-
cthyltsimcthylammonium chloride.
CfH1.CINO- 139.6.

CAS — 67-48-1.

Phanrsocopoeias. In Ars.rt.. Be[g,. Cz.. Ger., Hung.. and
11.

White, odourleaa, tasteless, very hygroecopic crystals.
Very eatable in water and alcohol: very slightly soluble
in acetone and li8ht petroleum: practically insoluble in
chloroform and ether. A 10% solution in water has a
pH of 5 to 6. Solutions may be sterilkedby filtration.
SIore in airtight consainera.

Uaea. Choline chloride has the same actions as choline,
p.1651.

Pm@txry N,.
Bcchoiinc (Medicaf Research, A usrruf.); Bccholine D
(Medical Research, Ausral.); Colyne (ace alau under
Choline Bitartrate) (Saira, ffai.).

7876-q

Choline Dilsydrogen C]trate. Choline Citrat~ Choli-
num Citricum: Citrato de Colina. 2-Hydroxy-
cthyitrimethy iammonium dihydrogcn citrate.
C,, HI, N08=295.3.

CAS — 77-91-8.

Pharmacopoeias. In Belg, and Pol.

Colourlcss translucent hydroscopic crystals or white
crystalline powder with an acid tastq it is cdourlcxs or
has a faint amine-like edour. SoIubk 1 in I of water
and I in 45 of alcohol; very slightly solublein chloro-
form and ether, A 25% solution in water has a pH of
3.5 to 4.5. Store in airtight containers.

Uaea. Choline dihydrogen citrate has the same actions
and uscx as choline, p. 1651.
Cysrimsritz For a report of choline dihydrogcn citralc
being given to facilitate enzymic remethyiation of homo-
cystine tti methtonine inthe[rcatmcntofhmn~ysti-
nuria,seeCystinc. p.50.

Proprietary Preparations
Wallacfsai (Wallace ,tfJg Clrem.. L.rK: Fcrri//on, UK).
Syrup containing in each 100 ml choline dihydm8cn

citrate 4.5 g, the antitoxic principle from 7.5
liver, protcolysed liver quivalent to frcah I
racemethionine 375 mg, inositol 500 mg,
hydrochloride 20 mg, riboflavin 5 mg,
hydr,whloridc 5 mg, cyanwobdamin jO ~g, ;
nam}de 100 m8. Tablets each contalrtlng cho[
rogen cltmte 224 mg, the antitoxic print
250 mg of fresh liver, dried .Iive: 50 mg, racet
I I 2 mg, inowtoi 56 mg, thlamme hydrochlot
ribaflavinc I mg, pyridoxine hydrochloride 25C
ocohalamin I pg. and nicotinamide 5 mg. For
function and impaired fat metabolism. Da
15 ml of syrup. or 2 or 3 tablets, thncc daily.’

.;
7877-p ..

hrositoi. i-lnositol; nreso-[nositol. myo-lnoait~
C. HI106- 180.2.

CAS — 87-89+?.

Pharmacopacia.r. [n Aust.. Belg., and Chin. .!

Odourl- tine white crystals or white crystalli
with a sweet taste. M.p. about 224”. It ia opti(
tive, soluble1 in 6 of watcu slightly soluble i
practically insoluble inchloroformandethe
in water arc neutral to litmus.
Inositol is present in ammal tissues and in PI:
cially in seeds md cerealbmns.
Aparrfromitspresencein orgamc matter i
forms, little is known about the spec]tic functi
sitol. though it is stated to be curative of mo{
cia and to be capable of prevemin8 fatty liver
is an csaentlal nutrient for some micrc-organis
ciency symptoms in mice have been cured b
10 mg of inositol in100g offaod.Mcstpuri
usedforcxpcrimcntalpurpo~cscontainthislm
si[ol.[tsroleinhumannutritionisunknown
sumptionofinosi[olbymanisaboutI8 dail
Preliminaryfindingsfollowingadministra
5C0mg twicedailyto7 diabeticsubjectsfo
wggcatcdthatitmightbebcncficlalinthetr
diabeticneuropa!hy.—J.G. SalWaycta[
1978,2,12s2. r

Tab/et c=ipicnr. 1nositol was considered sui~
cxcipient for chewable tablets because it was r
sCOPjc, inert. non-toxic, and physically stable
Nawr and L. 0. Wilkcn. ~. pharm. Sci., 1966,

,,,,
Proprktary Preparations ‘~
Inoaitd CSparrJa (Biog/an, UK). Each contains

Other Proprictxry ?4amew i,
Inoaital, Inoaitimr fboth //a/,/; lrtosit-Zyma (Ge

t

,,

$emrwrq!’reparations “f ‘itj
Compasmdvitamin B Tablets (B.P C. /973). t
Thiamine Tablets; Compound Aneurinc
Vitamin B Compound Tablets. Each contains.)
ide 15 mg, riboflavin I m8, and thiamine hyd
1 mg. Store in airtight comaincrs And avoi
with metal, Protect from li8h[, Dose. Propby~
2 tablcta daily.

Strorcg Compound Vitamin B Tabktx (~.~
Strong Compound Thiamine Tablets: Strong !
Ancurine Tablets; Strong Vitamin B Compo~
Each contains nicotinamide 20 mg, pyridom
chloride 2 mg, ribdfavine 2 mg, Jnd thia~
chloride 5 mg. They may be coated. Storefl
comainera and avoid contact with metal. ~
light. Lkwe. Therapeutic, I or 2 tablers thrice ~

Vitamins B and C Injection /B.P. C. /973). A.!
(ion of ,vitamlns B and C m Water for lnJd
pared, Immediately before USC, by mixing th
of a pair of am~ulcs. Stcnlisetf by aut~
maintaining at 98 to 100° for 30 minutes W
tericide, or by filtration. Store in a cool plat
from light. The air in ampaules conmining SSJ
is replaced with nitrogen or other suitable
strength and mute of administratmn must bC
the prcacriptmn or order. When .SImnK Vitatr
C ln]cction for in frawnous use is prescri~,
amp.xzles is supplied, mre containing a mlutiol
oxme hydrochloride 50 mg, ribotlavlne or the
amount of ribotlavine scdium phosphate 4 mg
mine hydrochloride 250 mg in 5 ml, ~rrd the
talning a solution of ascorbic acid (as w



Description-white crystals or crystalline powder,
usually having a alight, characteristic odor.

Volubility-1 Gm dissolves in about 35 ml of water;
slightly soluble in alcohol and chloroform.

Uses—Thiamine Mononitrate is more stable than
thiamine hydrochloride. Its vitaminergic actions and
uses are identical to those of the hydrochloride. See
Thiamine Hydrochloride (thispage)andthegeneral
statementcmThiamine (page 1033).

Other Water-Soluble Vitamins
Aminobenzoic Acid NF XII @Aminobenzoic Acid;

PABA ], dried at 1050 for 2 houra, contains not less than
98.5 ~. of CtFI,NO, (137.14). The aminobenzoic acid of bio-
logical significance is para-aminobenzoic acid (FABA).
Preparation: From p-nitrobenzoic acid by reduction with
iron and hydrochloric acid. The required p-nitrobenzoic
acid is obtained by oxidation of the readily available p-nitro-
toluene with potassium permanganate or potassium bichro-
mate in the presence of sulfuric acid. Description and Volu-
bility: White or slightly yellow, odorless crystals or a crys-
talline powder. It discolors on exposure to air or light. It
melts between 1660 and 1890.

Uses: PABA ia an essential nutrient for a number of
microorganisms, especially those that synthesize foIic acid.
The failure of growth of rata, chicks and mice, and achromo-
trichia in black rats haa been observed in the absence of
PABA. Consequently, PABA has long been included
among the vitamins. However, it now appears that the
nutrient action is indirect, mediated through folic acid and
other vitamins synthesized by entenc bacteria. Since mam-
mals utike preformed folic acid, PABA is not required in the
diet to support the biosynthesis of folic acid, and no other
biological loci for the compound have been shown. Conse-
quently, there is no need for PABA in human nutrition, and
continued promotion of the compound represents an abuse.
For this reason Arninobenzoic Acid has been dropped from
the NF. Aminobenzoic Acid acts as a sun screen and is in-
corporated into some sunscreen ointments.

Calcium Leucovorin USP XVI [(Lederk); Calcium
Folinatt+SF; Calcium 5-Formyl-5,6,7,8-tetrahydrofolate;
Calcium PJ- [p- [[2-Amino-5-forrnyl-5,6,7,8-tetrahydro-4-hy-
droxy-6-ptendinyl) methyl ]amino ]benzoyl ]glutamate; Cit-
rovorum Factor ]—Purity: 90-11070 of CJInCaN,OJ. -
5H20. A yellowish white or yellow, odorless, microcrystal-
line powder. Very soluble in water; practically insoluble in
alcohol. Uses: Leucovonn (folinic acid) is the biological
formyl derivative and the active form of folic acid (see Folic
Acid), and the calcium salt is simply a convenient pharma-
ceutical form that ia preferred for intramuscular injection.
Consequently its uses and limitations in the treatment of the
rnega.loblastic anemias are the same as for folic acid. How-
ever, it ia superior to folic acid in counteracting the excessive
effects of the folic ad antagonists (methotrexate, etc; see
page 1169), since the antagonists competitively antagonize
the conversion of folic acid to leucovorin and not the leuco-
vorin itself. Dose: Intramuscularly, for the counteraction of
folic acid antagonists, 3 to 6 mg daily; for the treatment of
megaloblastic anemias, 10 mg daily for IO to 15 days; as an
adiunct to cvanocobalamin therapy, 0.2 to 15 mg daily.

:-R%’.%=:ate NF Xl [(2--Hydroxyethyfi trimethyl -

water and slkhtlv soluble in alcohol; insoluble in ether,--
chloroform, and benzene. Uses: See “Choline CMoride (this
page). The bitartrate anion does not affect the physiologi-
cal actions of choIine. Dose: 2 Gm. [*CJ+,QNG. J

Choline Chloride is (Z-hydroxyethyl) trimethylammon-
iurn chloride.t Preparation: For the preparation of choline,
see Choline Dihydrogen Citra@ (below). Description and
Volubility: White, deliqueecent crystals. A 1070 aqueous
solution has a pH of about 4.7. Very soluble in water or alco-
hol. Uses; For the metabolic effects of Choline, see the
general statement (page 1026). Choline Chloride is used to
red uce fatty infiltration of the liver and thus supposedly to

.:
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of water and acidify with nitric acid; filter, and add tQ the fiItrate, sifver
nitrate ‘l!.S.:_ a copious, white precipitate is produced, which is soktble in
ammonia T.S.

Melting rsnge--chlorothymol melti between 59° and 61”, page 691.
Reaction-.4gitate 500 mg. of Cldorothyrnol with 10 ml. of hot water: the liquid is

neutral to Titmus. -
Residue on ignition-chforothymol yields not more than 0.05 per cent of residue

on ignition, age 711.
1Paskaging an storage-Preserve Chlorothymcd in well-closed, light-resistant con-

tainers, and avoid continuous excessive heat.

(h’rEGORY-&tibacteri&d.

CholineBitartrate

CHOLINE BITARTRATE
2-Hydro~ethyl-trimethylamrnonium Bitartrate

C,H,wV& [HOCH,CH,~(CHJ,] HCJI.@E- Mol. wt. 253.26

CholineBitartrate, dried in a vacuum desiccator over phosphorus

pentoxide for 4 hours, yields not less than 98 per cent of CJZ gNOT.

Description-ChoLine Bitartrate occurs sa a white, crystalline powder. It is odorless
or it may have a faint trimethylamine-fike odor. It has an acidic taste. It is
hydroscopic.

SoluhiIity-Choline Bitartrate is freely soluble in water and slightly soluble in alcoboL
It is insoluble in ether, in chloroform, and in benzene.

Identification-- “
A: Dissolve 500 mg. of Choline Bitartrate in 2 MI. of water, add 3 MI. of sodium

hydroxide T. S., ~d heat ti boiling: the odor of trimethylamine is detecti
able.

B: Dissolve 500 mg. of Choiine Bitsrtrate in 2 ml. of iodine T.S.: a reddish
browu precipitate is immediately formed. Add 5 ml. of sodium hydroxide
T, S.: the precipitate dissolves and the solution becomes a clear yellow.
Heat the edution to boiling: a pale yellow precipitate forms and the odor
of iodoform may be detected.

C: To 2 ml. of cobaltous chloride T.S. add 1 ml. of a solution of Choline Bitartrate
(1 in 100) and 2 MI. of Dotaasium ferrocwmide solution (1 in 50): an
emerald @een color develops imme@ataly. -

D: Choline Bitartrate solution responds to the tests for Tartrate page 685.
Water—Determine the water content by drying about 500 mg. of C~oline Bitartrate,

accurately wei hed in a vacuum desiccator over phosphorus pentoxide for 4 hours
‘%”or by the Karl wc~er method, page 737, using a 2-Gin. sample dissolved in 50 ml.

of anhydrous methanol: it contains not moro than 0.5 per cent of water.
Residue on ignition-Chofine Bitartrate contains not more than 0.1 per cent of

residue on i@tion, page 711.
Heavy metals-Dissolve 2 Gm. of Choline Bitartrate in 20 ml. of water, add 2 ml.

of diluted hvdrochloric acid. and diIute to 2.5 ml with water: the heaw metals
limit, age 678, for Choline ‘Bitartrate is 20 parts er million.

Assay-keigh accurately about I(X) mg, of Choline ~itartrate, previously dried in a
vacuum desiccator over phosphorus pentmide for 4 hours. Dissolve it in 40 ml. of
water in a 150-ml. beaker, and carefully add 10 ml. of freshly prepared saturated
ammonium reineckate solution from a pipette, allowing it to run down the side of
the beaker EOthat it forms s layer under the choline solution without producing
turbulence. MM by rotating the beaker gently and allow to stand in a refrigerator
for one hour, rotating the beaker from time to time. Filter, colleot the precipitate
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CholineBitartrateCapsules *I

Choline Bitartrate Capsules contain not
less than 93 per cent and not more than 107
per cent of the labeled amount of CJLeN07.

Identification—
A: Dissolve the contents of a sufficient num-

ber of Choline Bitartrate C~psules, equivalent to
about 2 Gm. of choline bitartrate, in 20 mf. of
water, and filter the solution: a 5-ml. portion of
the fibs-ate responds to Identification test B under
Choline Biturtmte, page 87.

B: Dilute 1 mf. of the tiitrate obtzined in
~dentijfcution test A to 10 ml. with water: the
remdtin so[ution responds to IdsntijScation test C

%2”under C lme Biturtrats, page S7.
C: The remainder of the filtrate obtained

under Idsntijcution test A responds to the tests
for Z’artrate, page 434.

Weight variation, page 467-Choline Bitartrate
Carmdee meet the reouirementa of the weieht
va;iation test for capsu’les.

Assay-Transfer, M completely as possible,
the contents of not less t han 20 Choline Bltartrate
Capeules to a 250-mL beaker. Add 100 ml. of
water and stir to dissolve the chohne bitartrate.
Filter the solution through paper intQ a 1000-ml.
volumetric flask. Place the emptied capsules in
the same beaker, add sufficient water to cover
them, agitate for 5 minutes, and transfer the con-
tents of the beaker to the filter. Wash the beaker
and filter with several portions of water, adding
the washings to the flask. Finally, add water to
make exactly IOIM ml., and mix well. Transfer
an accurately measured aliquot of the solution,
equivalent to about 100 mg. of choline bitartrate,
to a 150-rnl. beaker, add sufficient water to make
40 ml., and proceed as directed in the Assay under
~holine Bitarfrate, page 87, be “rming with

%. . . carefully add 10 ml. of fres y prepared
saturated ammonium reineckate solution . ...”
The weight of choline reineckate multi lied by
0.5993 gives the equivalent weight of C$I,,NO,.

Packaging and storage-Preserve Choline
Bitartrate Capsules in ti ht containers.

Capmle.s availabl~holine Bitwtrate Cq-
eufes ueuall available contain the following

iamount of c oline bitartrate: 500 mA
&CATEGORY and Dosi?~ee Choline Bi rtnte.

CholineBitarlrateTablets /+7-
—.

Choline Bitartrate Tablets contain not less
than 95 per cent and not more than 105 per
cent of the labeled amount of CgHlwNO1.

Identification—
A: A iiltered solution of Choline Bitartrate

Tablets, representing a concentration of choline
bitartrate (1 in 10), responds to Identificatim
testB under Choline Bikzrtrate, page 87.

B: Dilute 1 ml. of the above solution to 10
mf. with water: the resulting solution responds
to Identijfwtion test C under Choline Bitnrtrate,
phge 87.

C: The solution obtained under Jdentiti
ti3i test A responds to the tests for Tartrate, p%

Disintegration, page 455—The disintegrati~n
time limit for Choline Bitartrate Tablets is I
hour. ‘d

Weight variation, page 468--Choline Bitm.
trate Tablets meet the reqnirementi of the weight
variation test for tablets.

Assay-weigh and finely powder not less tha
20 Choline Bitartrate Tablets. Weigh accurately
a portion of the powder, equivalent @ .abouk#
Gm. of choline bitartrate, and dissolve lt m about
’25 ml. of water. Falter the solution throu’ h

1!pa m into a 100-ml. volumetric flask. A d
eu&cientwaterthrough thefilter to make exactly
100 ml. Transfer a lo-ml. aliquot of this SOIW
tion, e uivslent to approximately 100 mg. of

%choline ltartrate, to a 100-rnl. beaker, add watkr
to make 40 ml., and proceed as directed in the
Assay under C“line Bitnrtrate, page 87,
beginning with . . . carefully add 10 ml. of
freshly prepared, saturated ammonium ~
ineckate solution.. . .‘’ The weight of choIine
reineckate multiplied by 0.5993 represents the
equivalent weight of ~H,JT07. .~$

Packaging and storage—Preserve Chohne j
Bitartrate Tableta in tight containers. ~,

Tab[eta available—ChoIine Bitartrate Tobleh”
usually available contain the following am~n&
of choline bitartrate: .500 and 600 mg.

- Lq
CATEGORYand Dos!+i%e Choline Bitartra@xj

.. .

$CHOLINE DIHYDROGEN CITRATE : ~
(2-Hydroxyethyl)tnmethylammoniurn Cltra ‘ $

[HOCH,CH,fi(CH,),] HzCaH,Or -
C,,HJJO*

Choline Dihydrogen Citrate contains n~t
less than 98 per cent of C,, H2,ATO~,calculak$
on the anhydrous basis.

Description---choline Dihydrogen Citrate o
curs as colorless, translucent crystals, or as
white, granular to fine, crystauine powder. It
odorless or it may have a faint tnmethylamip-
odor. It has an acidic taste. It is hygroscopl~

Volubility-One Gm. of Choline Dihydro
citrate diseo[vee in 1 ml. of water and in 42
of alcohol. It is very slightly soluble in ether, in
chloroform, and in benzene.

ldentification—
A: Dissolve 500 mg. of Choline Dihydro

Citrate in 2 ml. of water, add 3 ml. of sodium
droxide T. S., and heat to boiling: the odor o
trimethylamine is detectable.

B: Dissolve 500 mg, of Choline Dihydroge
citrate in 1 ml. of water and add 3 ml. of iodin”
T. S.: a reddish brown recipitate is immediate’

!formed. Add 5 ml. o sodmrn h,vdroxide T.S:
the precipitate diesolves and the solution Qcquire
a clear yellow color. Heat the .wlution to boil
ing: a ale yellow precipitate forms and the odo

!of iodo orm may be detected.
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c ~TEGORY and DosE+ee Chlortetracycline
~ydrochloride.

ophthalmicChlortetracyclineHydrochloride

Ophthalmic Chlortetracycline Hydrochlo-
~de is a sterile, dry mixture of chlortetra-
Cycline hydrochloride with a suitable buffer.
[t contains not less than 85 per cent of the
labeled mount of C,ZH,,C1N,08. HCL It
DISYcont~~ suitable bacteriostati~ agents
~d diluents. Ophthalmic Chlortetracycline
Hydrochloride conforms to the regulations of
~he federal Food and Drug Administration
nncerning certification of antibiotic drugs.

Identification-ophthalmic Chlortetracycline
Hydrochloride responds @ Ia’enfi’cation tests A
md B under ~hbrtetrqclz~ Hydrochloride, page
k, about twrce the quantity of sample therein
&cified bein used. -

knH—The D of a solution of Ot)hthalmic Chlor-.—.
@acycline ~ dichloride containing the equivo-

“[eat of 1 mg. o chlortetracycline hydrochloride in
ach ml. is between 7.9 and 8.4.

Loss on drying, page 437—Dry about 100 mg.
)fOphtMmi~ Chlo@tracycline H ydrochlori de,
accurately weighed, m vacuum at 60° for 3 hours:
t loses not more than 5 per cent of its weight.

Sterility+ phthahnic Chlortetracycline Hy-
drochloride meets the requirements of the test for
lti”lity under Chlortetraqcline Hydrochlan”de,

X
M 85, except that no tube may show growth in
! er the test for bacteria or mold.

Aeaay-Proceed as direct@ in the .-issa~ under
Wortetrocycline Hydrochlmde, page 85, dls-
olving the aample in water, and ddutmg unrnedi-
tely.

Packaging and storagePreeerve Ophthalmic
%lortetracyciine Hydrochloride in tight con-
ainers.

Sizes available--ophthalmic Chlortetracycline
Kydrochlonde usually available contains the fol-
owing amount of chlortetracycline hydrochloride:
?.5mg. in each vial.

CATEoonY-Antibiotic.
FOR EXTERNALusE—Topicai]y in solution to

da or conjunctival as required.

CHOLINE BITARTRATE
2-Hy&oxyethyl)trimethyhunmonium Bi tartmte

[HOCH,CH,fi(CHJ,] HC,H40,-

LH,9NG kIO1. wt. 253.?6

Choline Bitartrate contains not less than
)8 per cent of C9H,9N07, calculated on the

urhydrous basis.

Description-Choline Bitwtrate occurs as a

white, crystalline powder. It is odorless or
may have a faint trimethylamine-[ ike odor. It
has an acidic taste. It is hydroscopic.

Volubility—Choline Bitartrate is freely soluble
in water and slightly soluble in alcohol. It is
insoluble in ether, in chloroform, and in benzene.

Identification—
A: Dissolve 500 mg. of Choline Bitartrate

in 2 ml. of water, add 3 ML of sodium hydroxide
T. S., and heat to boiling: the odor of tnmethyl-
amine is detectable.

B: Dissolve 500 mg. of Choline Bitartrate
in 2 ml. of iodine T. S.: a reddish brown precipi-
t~te is immediately formed. Add 5 MI. of
sodium hydroxide T. S.: the precipitate dissolves
and the solution becomes a clear yellow. Heat

‘he ‘“’u’ion ‘0 bOilinf~ a !a’e ‘e”ow ‘precipitateforms and the odor o lodo orm may be detected.
C: To 2 ml. of cobaltous chloride T.S. tdd 1

ml. of a solution of Choline Bitartrate (1 in 100)
and 2 mf. of potaseiurn ferrocyanide solution (1
in 50): m emerald-green color develops immedi-
Jlt*lv
‘--”’D: Choline Bitartrate solution responds to
the tests for Tartra(e, page 434.

Water, page 46i—Determine the water content
by drying about 500 mg. of Choline Bitartrate,
accurately weighed! in a vacuum desiccator over
phosphoms entoxlde for 4 hours or by the titri-

fmetric (Kar Fkcher) method, using a 2-Gin.
.mmple dissolved in 50 ml. of snhydrous methxnoi:
it contains not more than 0.5 per cent of water.

Residue on ignition, page 448—Choline f3itar-
trate yields not more than 0.1 per cent of residue
on igmtion.

Heavy metals, page 430 —Diseolve 2 Gm. of
Choline Bitartrate in 20 ml. of water, add 2 ml.
of diluted acetic acid, and difute to 25 n.1.
with water: the heavy metals limit for Choline
Bitartrate is 20 parts per million.

Aeaay-Weigh accurately about 100 mg. of
Choline Bitartrate. Dissolve it in 40 ml. of
water in a 150-rnl. beaker, and carefully add 10
ml. of freshly prepared saturated ammonium
reineckate solution from a ipet, allowin~ it to

irun down the side of the bea er so that it forms *
layer under the choline solution without produc-
ing turbulence. Nlix by rotating the beaker
gently and allow to stand m a refrigerator for one
hour, rotating the beaker from time to time.
Filter, collect the recipitate in a tnred 30-ml.

flow form sintere -glass crucible of medium
orosity using gentle suction, and rinse the

Beaker with three lo-ml. portions of a wssh
solution prepared by diluting 2 ml. of saturated
ammonium reineckate solution to 1000 ml.
~vith water cooled to 5°, and pass these con-
secutively through the crucible containing the
precipitate. Remove as much water as pomible
with suction, then dry in an oven at 105° for 1
hour. Cool in a desiccator and weigh as choline
reineckate. The weight of the chohne reineckate
multiplied by 0.5993 gives the equivalent weight
of C,Hlr,NO~.

Packaging and storage—Preserfe Choline
Bitartrate in tight containers.

cATEGORY-LipOhOpiC.
USUALnosE—2 Gm.

1.



Page Number : 1

—.

Database: Medline <1966 to present>

Set Search Results
-------------------------------------------------------------
1 exp choline\
2 choline bitartrate.tw.
3 from 2 keep 2,4,6,8

<1>
Unique Identifier
97028826

Authors
Stoll AL. Sachs GS. Cohen BM.
Renshaw PF.

Title
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Lafer B. Christensen JD.

Choline in the treatment of rapid-cycling bipolar disorder:
clinical and neurochemical findings in lithium-treated
patients.
Source
Biological Psychiatry. 40(5):382-8, 1996 Sep 1.

Abstract
This study examined choline augmentation of li.thi.umfor
rapid-cycling bipolar disorder. Choline bitartrate was
given openly to 6 consecutive lithium-treated outpatients
with rapid-cycling bipolar disorder. Five patients also
underwent brain proton magnetic resonance spectroscopy.
Five of 6 rapid-cycling patients had a substantial
reduction in manic symptoms, and 4 patients had a marked
reduction in all mood symptoms during choline therapy. The
patients who responded to choline all exhibited a
substantial rise in the basal ganglia concentration of
choline-containing compounds. Choline was well tolerated in
all cases. Choline, i.nthe presence of lithium, was a safe
and effective treatment for 4 of 6 rapid-cycling patients
in our series. A hypothesis is suggested to explain both
lithium refractoriness in patients with bipolar disorder
and the action of choline in mania, which involves the
interaction between phosphatidylinositol and
phosphatidylcholine second-messenger systems.

<2>

Unique Identifier
95405204

Authors
Spector SA. Jackman MR. Sabounjian LA. Sakkas C.

.
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Landers DM. Willis WT.
Title
Effect of choline supplementation on fatigue in trained
cyclists.

Source
Medicine & Science in Sports & Exercise. 27(5):668-73,
1995 May.

Abstract
The availability of choline, the precurser of the
neurotransmitter, acetylcholine, in the diet is sufficient
to provide the body’s requirements under normal conditions.
However, preliminary evidence indicates that depletion of
choline may limit performance, while oral supplementation
may delay fatigue during prolonged efforts. A double-blind
cross-over design was ~sed to determine the relationship
between plasma choline and fatigue during supramaximal
brief and submaximal prolonged activities. Twenty male
cyclists (ages 23-29) with maximal aerobic power (V02max)
between 58 and 81 ml.min-l.kg-l were randomly divided into
BRIEF (N = 10) and PROLONGED (N = 10) groups. One hour
after drinking a beverage with or without choline
bitartrate (2.43 g), cyclists began riding at a power
output equivalent to approximately 150% (BRIEF) and 70%
(PROLONGED) of V02max at a cadence of 80-90 rpm. Time to
exhaustion, indirect calorimetry and serum choline,
lactate, and glucose were measured. Increases in choline
levels of 37 and 52% were seen within one hour of ingestion
for BRIEF and PROLONGED groups, respectively. Neither group
depleted choline during exercise under the choline or

placebo conditions. Fatigue times and work performed under
either test condition for the BRIEF or PROLONGED groups
were similar. Consequently, trained cyclists do not deplete
choline during supramaximal brief or prolonged submaximal
exercise, nor do they benefit from choline supplementation
to delay fatigue under these conditions.

<3>

Unique Identifier
81043075

Authors
Fovall P. Dysken MW. Lazarus LW. Davis JM. Kahn RL.
Jope R. Finkel S. Rattan P.

Title

%
c~~a te treatment of Alzheimer-type dementias.

(

~/ .Source

4
Communications in Psychopharmacology. 4(2):141-5, 1980.
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● Fiftyinfantswith colicwere treatedwith llopan@ Chofine-Wl. Ex-
cellentresponsewas achieved in72 per centand therewere few side
effects.

T HE problemof infantilecolicisfa-
miliartoanyphysicianwho caresfor

babies.Althoughonlylightmentionis
made ofthisprobleminmostpediatric
literature,thesituationcanbe verydis-
turbingtoboththeattendingphysician
andtotheparents.A recentdiscussion
onthistopicemphasizedthatmuchcrying
whichiscalledcolicisactuallynormal
cryingwhichtheparentsshouldlearnto
accept.Many parentscommonlymistake
thetwotosixhourdailyrestlessperiod
forcolic.This“activityperiod”or “ex-
erciseperiod”oftenoccurs at the same
time each day, usually in the late after-
noon or early at night. It is the physi-
cian’s duty to inform the inexperienced
parents of this normal restlessness and
to explain that some babies simply cry
more than others.4-5 The laity has unduly
labeled many forms of infantile restless-
ness as “the colic”, and each case must
be individually evaluated to determine
whether or not “true colic” does exist.

The Colic Syndrome

The syndrome which is usually called
“colic” is characterized by prolonged high-
pitched screaming associated with al-
ternate forceful flexion and extension of
the thighs. The hands are tightly clenched,
and on examining these babies one notices
a generalized hypertonus of the muscula-
ture, or “tension”. Breath-holding is not
unusual and is often associated with a
transient dusky hue of the skin. The ey-es
are firmly closed, and the forehead is con-
tracted into a frown. The abclomen is

* Reprint requests to 1607 N. Seventh St.,
West Monroe, La.

142 >~j(l ~;~;~,,

W. G. BEAUREGARD, MD*
West Monroe

often tight to palpation. There is often a
family history of similar hyperirritability
during the newborn period of either or
both parents.Occasionally,theexaminer
willdetectsignsorsymptomsoftension
intheparents.

Symptom ComplexSubsides
in Three Months

The passage of excessive flatus during
these episodes is not uncommon; many of
these infants are slow to burp or cannot
be burped at all. Aeropbagia, associated
with a marked desire to suck and a vora-
cious appetite, is commonly observed.
Sometimes air-swallowing can be heard
during feedings. The increased motor ac-
tivity with a marked sucking reflex may
give the impression that the baby inter-
prets his colic pains as hunger pains; this
causes more aero~hagia with each feeding
which results in rnor~ colic. Fortunatel~,
this symptom complex usually has sub-
sided by the age of 3 months.%

Aerophagic Colic

The infant under consideration in this
study is the one whose colic seems to stem
mainly from aerophagia. He may be dif-
ficult to burp after feeclings, and he may
temporarily be unable to pass enough
flatus to relieve abdominal distention.
Changing nipples, bottles and formulas
may offer very little improvement. His
rapid intake of formula allows consider-
able air to be swallowed, regardless of
the feeding system used.

Antispasmodic Drugs Traditional

Traditionally, antispasmodic drugs have
been the cardinal treatment for colic. In

-’-
J. LOUISIANA STATE M. Sot.
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many instances relief or partial relief is
afforded by atropine or belladonna deriv-
atives such as dicyclomine hydrochloride,
meclizine hydrochloride, hyoscine hydro-
bromide and others either alone or in com-
bination with barbiturates or other sed-
atives. Because these agents are often

disappointing in relieving colic due to
aerophagia, this study was undertaken to
evaluate the converse therapeutic ap-
proach—that of using an agent which in-
creases intestinal motility rather than one
which diminishes it.

Pharmacology

Dexpanthenol (Dextro-pantothenyl al-
cohol) is the alcohol analogue of d-pan-
tothenic acid, a member of the B-complex
group of vitamins:

-h
,,.... ci!#‘- .+{ “.

“,. . .

; ,7,-, , (&W7R0 PAVTO%4EWL ALCOHOL)
..—, :ig 1.

~,i&~I: on the ba~i~ of theoreti~] con5ider.

‘i% ations, dexpanthenol has been used for the
~%~-prevention and therapy of gastrointestinal
;k%atony or distention. The rationale for the,; ,,’0 -
;$:$j~use of dexpanthenol is based on the as-
~’$ ~~ption that i~ administration increases

#
~ ~the amount of coenzyme A available for
<KYthe formation of acetylcholine, which, in
$~’ tqrn, increases intestinal tone. So far,

#
:3 i~o one has conclusively demonstrated that
$ ~~+~headministration of dexpanthenol will

t

!’ ,;lad to an increase in coenzyme A and
,S .j{@tylcholine; thus, the scientific basis for
: }~e use of dexpanthenoI has not yet been
:$.~@mcL However, many clinical observers
‘-sfi’dre convinced that it does increase in-,!UJ,.. ,
./$j~@9tinal motility.
~$&t Choline is the parent substance of

$

$:. r ++
,,~tylcholine, a neurohumoral substance

i“: ;,~uired for gastrointestinal tonus and
J~[&istaltic efficiency.

Side Effects$-.
so untoward effects have been reported‘%:
K.fheuseofdexpanthenolevenwhen
;,doseswereadministered;thusthe
~!appearstobe relativelynontoxic.-,
*:(:?;~’-,.:..,.,””.,.,
l~Vol.”120,No.3

The only known contraindication to the
use of dexpanthenol is hemophilia, in
which it may have a tendency to prolong
bleeding time. Theoretical considerations
suggest that dexpanthenol should not be
used for at least 12 hours after parasym-
pathomimetic drugs have been admin-
istered. Respiratory embarrassment was
observed in one case report when dexpan-
thenol was administered shortly after
succinylcholine therapy.

The only side effects observed during
this study were an occasional increase in
frequency of defecation and in three cases,
some mild diarrhea which subsided when
the drug was withdrawn (Table 1).

TABLE1
——
Side Effecrs Number of Cases Percentage

Mild Diarrhea: 3 6

Method

Fifty infants were individually eval-

uakcl at various times during their first

3 months of life.Allcolicwasconsidered
to be relatedto aerophagiqincreased
suckingactivity,andan unusuallyvora-
cious appetite with rapid intake of feed-
ings. The parents were questioned closely
regarding feeding habits, feeding tech-
niques, variety of foods, family history of
colic and the general and specific behavior
of the infants before, during and after
feedings. Cases in which colic was not
thought to be due to aerophagia were ex-
cluded from the study group. In all in-
stances the parents affirmed that smacking
noises or air swallowing could be heard
during feedings. Very often, colic was
noted soon after feedings and was as-
sociated with increased expulsion of flatus.

Each infant had previously been treated
with an antispasmodic-sedative combina-
tion in the usual therapeutic amounts with
only partial or no improvement in symp-
toms. The drugs initially used were either
methscopolamine bromide, dicyclomine
hydrochloride, meclizine hydrochloride, or
hyoscine hydrobromide (each combined
with phenobarbital ). In some cases re-
fractive to these drugs other antispas-
modic-sedative combinations were used
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unsuccessfully. Usually, this was done
when a hyperirritability reaction dueto
thephenobarbitalwassuspected.
When symptomsand signsdid not

disappearwiththeoriginaltherapy,the
infantswereplacedondexpanthenolwith
cholinebitartrate(Ilopan@Choline-WT)
alone.Becausethisproductispresently
availableonlyin tabletform,thedrug
was crushedand mixedinSerpakaor
raspberrysyrupsothatoneteaspoonful
ofsyrupwastheequivalentofonetablet
(50 mgm Ilopanand 25 mgm choline
bitartrate).Refrigerationwas recom-
mendedinordertopreventovergrowth
of mold or othercontaminants.The
dosage for all infants was one teaspoonful
(one tablet) every eight hours.

Parents were asked to report on the
effectiveness of the drug four to five days
after beginning therapy. They were spe-
cifically asked to watch for:

1) Any improvement of signs and
symptoms of colic — especially less
crying, less restlessness, less abdominal
distention.

2) increased expulsion of flatus.
3) Side effects-especially increased

frequency or loosening of stools.

Comment

This study was undertaken to evaluate
the effectiveness of a drug which in-
creases intestinal motility in relieving in-
fantile colic due to retained gas and
swallowed air. Admittedly, this report is
highly subjecti~-e,depending greatly on the
opinions of the parents so that “outside
factors” must be considered. The parents,
for example, might conceivably have been
more relaxed because they were using a
medication which they felt would solve
the problem. This lessening of anxiety
could have created a more relaxed environ-
ment for the infant and possibly improved
his colic. Of some significance, however,
is the fact that all infants had been pre-
viously treated with at least one of several
antispasmodic-sedative combinations with
only partial or no relief of colic symptoms.

Most of the infants were treated in the
first month of life but an occasional case

144

Fifty colicky infants were treated and
observed mainly to determine whether any
relief could be obtained after an unsatis-
factory response to antispasmodic therapy.
This is not to suggest that antispasmodic-
sedative combinations are usually in-
adequate; to the contrary, many cases of
colic are afforded much relief by the usual
agents. There are some affected infants,
however, who seem to obtain relief mainly
by expulsion of flatus with increased bowel
tone. That 72 per cent of infants in this
group showed improvement suggests that
carefully controlled studies on a large scale
might be worthwhile.

Results

Since this was not a
study”, the subjective data
the parents were compiled

“double-blind
obtained from
and arranged

in three very general categories: ex-
cellent, fair, and poor (Table 2).

TABLE 2

categories Number of Cases Percenfa*

Excellent 36 72
Fair 11 22
Poor 3 6

Total : 50 100

An “excellent” response was considered
one in which marked improvement in
crying, restlessness, abdominal distention.
and expulsion of flatus afforded complete
or near complete relief of colic with only
occasional recurrent episodes noted.

A “fair” response ~vas one in w-hich
restlessness and crying sho~ved slight or
temporary improvement, although in-
creased frequency and amount of flatus
were obvious.

The “poor” category included the cases
in which the parents were able to observe
no improvement of any type.

Colic is a troublesome syndrome but it
cannot be considered as dangerous to the
infant. For this reason any therapeutic
approach must be reasonably safe with no
serious side effects. The excellent safety

J. LOULSXAXASTATE M. Sot.
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record of dexpanthenol-choline would lend
support to its use in infants with aero-
phagia and colic. Should further studies
confirm its efficacy, another advantage
would be the prospect of relatively pro-
longed therapy with no likelihood of addic-
tion.

Summary

Fifty infants with colic apparently
related to aerophagia and retained in-
testinal gas were treated with three daily
doses of dexpanthenol-choline. All cases
had responded poorly to antispasmodic-
sedative combinations.

Thirty-six of 50 (72%) infants had an
excellent response to treatment with less
crying, less restlessness, and more expul-
sion of flatus.

No serious side effects were noted.
It is hoped that further experience with

dexpanthenol-choline in the treatment of

aerophagia and colic in infants may con-
firm the safety and effectiveness of this
drug.
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Abstract

We conducted a double-blind, placebo controlled study of the effects
of choline bitartrate on intellectual performance in 5-patients with
early Alzheimer-type dementia. Three doses of choline bitartrate
(8 gm, 12 gm, and 16 gm) were given for two weeks each with a two-week
placebo period either preceding (N=2) or following (N=3) the drug
period. Cognitive testing was administered during a baseline period
and thereafter once a week for the duration of the study. Comparing
drug condition with placebo, we found significant improvement for
auditory and visual wrd recognition at 12 gm per day of choline
hitartrate. The mean plasma choline level nearly doubled from base-
line to 12 gm per day. These results suggest improvement in some
aspects of cognitive performance during choline bitartrate treatment.

Introduction

This paper reports the effects of choline bitartra:o on cognitive
functioning in early Alzheimer’s disease and senile dementia of the
Alzheimer type. The impetus for tnis study came from preliminary
neurochemical reports suggesting that choline acetyltransferase
(C.A.T.) activity, a possible marker of presynaptic cholinergic

‘urons, is substantially reduced in areas of cerebral cortex in
heimer’s disease relative to that of normal age matched controls

,i-5). Preliminary studies have raised the possibility that
muscarinic acetylcholine receptors are still intact (3-5). This
suggests that Alzheirner’s disease might involve a selective impairment
of the presynaptic cholinergic system (3). Choline treatment, which
raises brain acetylcholine, might restore the .hypothesized decrement



I

in central acetylcholine. If so, this restoration could lead to an
improvement in cognitive functioning.

Pilot studies of the effect of choline on cognitive performance and
on observer-rated behavior have yielded mixed results. Patients were
less irritable and more alert (6), but some experienced exacerbated
urinary incontinence (7) and depression (8). In one open study of
choline chloride, some patients had improved behavior ratings (6)
(2 weeks each of 5 and 10 gm daily), but in a more extensive placebo
controlled trial (2 months of 15 gm daily), others showed no improve-
ment (9). A controlled study of the effects of choline chloride
(16 gm daily for 1 week) on healthy elderly people with mild to
moderate memory problems failed to demonstrate effects on memory, mood
or overall social functioning (10). In another open study, patients
with early Alzheimer-type dementia who received choline citrate
(3 weeks of 9 gm daily) showed some improvement in cognitive perform-
ance (11). TW placebo controlled trials of choline bitartrate
(4 weeks of up to 10 gm daily; and 2 weeks of 9 gm daily) did not
produce any improvement in cognitive performance or behavior ratings,
although some patients displayed less confusion (7,8,9). Given these
mixed yet suggestive findings, we decided to test the effects of
choline bitartrate in a double-blind, placebo-controlled study. Three
different doses were given in an attempt to identify a dose which
might produce a therapeutic effect. Mildly to moderately impaired
Alzheimer outpatients were carefully selected because treatment might
be most effective in patients whose cholinergic neurons were only
mildly affected.

The patients, three men and tw women (55-77 years, M = 69.8; S.D. =
6.7), were referred to us after medical and necrologic–evaluations for
dementia. Diagnostic studies including skull films, EEG, and CAT scan
were obtained and were consistent with the presence of Alzheimer’s
disease (12). Of the 12 patients evaluated for treatment during the
two months before the study began, six met the selection criteria.
However, one was dropped from the stud,ybecause she became anxious,
developed a foul fishy odor, and experienced nausea and belching
during the 8 gm trial. Each patient Plus a family member gave written
informed consent.

The cognitive test battery consisted of ten tasks. Four memory
tasks involved immediate recall of a logical paragraph (13), log.:;
sentences (13), meaningless sentences (13), and geometric figures
(Benton Revised Visual Retention Test, Form C) (14). Two other
memory tasks assessed itrrnediaterecognition of mrd lists presented
auditorily and visually (13). The Face-Hand-Test (FHT) (15,16) and
the Mental Status Questionnaire (MSQ) (15,16) served as clinical
measures for the assessment of altered brain function. The digit
symbol (17) was used to test psychomotor speed and a Control Rating
SCZ!le(13) was included to assess a subjective sense of control.
8ehavioral evaluations by a family member were obtained by completion
of the Sandoz Clinical Assessment-Geriatric (SCAG) (18). These 11
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tests yielded 13 scores: the Benton was scored for number of errors
and correct reproductions. SCAG items 1 through 18 were totaled and
examined separately from the 19th item, scored for overall impression
of the patient. The choline and placebo were administered in tablet
form and were identical in appearance (Nature’s Bounty, Inc., Bohemia,
N.Y.).

Each patient was pretested three times at 48 hour intervals. There
was variability in performance but no observable learning or practice
effects. Rafidomassignment of patients was made to one of tw treat-
ment sequences: (1) tw weeks each of baseline, 1st placebo, 8 m

?.,choline, 12 gm choline, 16 gm choline and 1 week of 2nd placeb N=3);

b

;K :(2) two weeks each of baseline, 8 gm choline, 12 gm choline, 16 gm
,{Choline,1st placebo and 1 week of 2nd placebo (N=2). At the end of
jeach treatment week patients were tested, SCAG ratings were obtained,
and a 10 ml blood sample was drawn for plasma choline determination
.19).
.:
(For each Datient, scores were averaoed for each treatment to yield

.Ilescore per treatment per patient. The two treatment sequences were
combined for statistical analysis. There were no significant differ-
ences between the 1st and 2nd placebo scores, hence they were combined.
The 13 scores were subjected to statistical analysis by means of a
!aixednndel analysis of variance for repeated measures (20).

1; Results

A main effect for drug condition (8 gm, 12 gm, 16 gm) versus placebo
condition was examined as shown in TABLE I. Post-hoc comparisons were
made if the analysis yielded any significant or nearly significant
results. A drug main effect was found for the visual presentation
word recognition task (F = 3,4; df = 3.25; p <0.05) but did not reach
Statistical significance for the auditory presentation word recogni-
tiOtI task (F = 1.1; df = 3.25; p = 0.37) because of large within-
subjects variability. Post-hoc comparisons revealed that patients
~Gognized more words during the 12 gm than during the placebo
Condition for both visual [t = 2.7: df = 24: 0 <0.02) and auditorv
presentations (t = 2.1; df’= 24; p-<0.(13). ‘Piasma choline levels-rose

; from a mean (~S.E.M.) of 3.9 i i.).5nM/ml during the baseline-placebo
$period to 7.2 2 1.3 nM/ml during the 12 groper day period (t = 2.47;
~~.df= 7; p <0.03).,.

-;t
Discussion

e purpose of this pilot study in a carefully selected group of
ly impaired outpatients with Alzheimer-type denmtia was to find a
of choline bitartrate that might produce a therapeutic effect and
iscover which cognitive tests would be most sensitive to a change
ntellectual performance. At 12 gm per day of choline bitartrate
ound enhanced performance on the word recognition tasks. At this

.’
‘-’,,

..
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Association of Choline Dose with Cognitive and Behavioral Scores

““l “ r\cL”y{l , L,U,,

Drug Condition
..-,-

Auditory Presentation
,.%”-3,,,.,”,,

Visual Presentation
(M ~ SD) (M z SD)

Baseline 6.3 ? 3.8 5.0 t 2.8
Placebo* 7.3 t 3.9 4.5 z 2.0
8 gm 7.6 t 3.4 5.4 t 2.5
12 gm 8.7 ~ 3.9** 6.5 ~ 2.8***
16 gm 8.0 k 3.2 4.5 ~ 2.6

*Placebo scores were combined for statistical analysis but were
obtained both before and after drug treatment

●*F = 101; df = 3,25; p = 0.37
●**F = 3.4; df = 3,25; p <0.05

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

dose of choline the mean plasma choline level was nearly double the
mean value during the baseline-placebo period.

Since lecithin, the principal source of choline in the diet, does
not produce the fishy odor that choline sometimes does, we have
discontinued choline bitartrate administration in favor of lecithin.
Although we would not normally report work on such a small sample of
patients, we feel that doing so is warranted as a preliminary attempt
in identifying an effective choline dose and plasma level. In
evaluating any new pharmacological agent, it is important to avoid
premature negative results due to inappropriate selection of patients,
inadequate dose, or insensitive measures of clinical response. For
this reason a dose ranging pilot study that finds a dose related
therapeutic effect can be a useful guide for more extensive studies in
the future.
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We conducted a double-blind
of choline bitartrate on inte
early Alzheimer-type dementia

Abstract

placebo controlled study of the effects
lectual performance in 5 patients with

Three doses of choline bitartrate
(8 gm, 12 gm, and 16 gm) were given for two weeks each with a two-week
placeba period either preceding (N=2) or following (N=3) the drug
period. Cognitive testing was administered during a baseline period
and thereafter once a week for the duration of the study. Comparing
drug condition with placebo, we found significant improvement for
auditory and visual wrd recognition at 12 gm per day of choline
bitartrate. The mean plasma choline level nearly doubled from base-
line to 12 gm per day. These results suggest improvement in some
aspects of cognitive perforrranceduring choline bitartrate treatment.

Introduction

This paper reports the effects of choline bitartrate on cognitive
functioning in early Alzheimer’s disease and senile dementia of the
Alzheimer type. The impetus for this study came from preliminary
neurochemical reports suggesting that choline acetyltransferase
(C.A.T.) activity, a possible marker of presynaptic cholinergic

__n.eurons,is substantially reduced in areas of cerebral cortex in
‘heimer’> disease relative to that of normal age matched controls
-5). Preliminary studies have raised the possibility that

muscarinic acetylcholine receptors are still intact (3-5). This
suggests that Alzheimer’s disease might involve a selective impairrrent
of the presynaptic cholinergic system (3). Choline treatment, which
raises brain acetylcholine, might restore the .hypothesized decrement

I
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in central acetylcholine. If so, this restoration could lead to an
improvement in cognitive functioning.

Pilot studies of the effect of choline on cognitive performance and
on observer-rated behavior have yielded mixed results. Patients were
less irritable and more alert (6), but some experienced exacerbated
urinary incontinence (7) and depression (8). In one open study of
choline chloride, some patients had improved behavior ratings (6)
(2 weeks each of 5 and 10gm daily), but in a more extensive placebo
controlled trial (2 months of 15 gm daily), others showed no improve-
ment (9). A controlled study of the effects of choline chloride
(16 gm daily for 1 week) on healthy elderly people with mild to
moderate memory problems failed to demonstrate effects on memory, mood
or overall social functioning (10). In another open study, patients
with early Alzheimer-type d~entia who received choline citrate
(3 weeks of 9 gm daily) showed some improvement in cognitive per
ante (11). Tw placebo controlled trials of choline bitartrate
(4 weeks of up to 10gm daily; and 2 weeks of 9gm daily) did no
produce any improvement in cognitive performance or behavior rat’
although some patients displayed less confusion (7,8,9). Given
mixed yet suggestive findings, we decided to test the effects of
choline bitartrate in a double-blind, placebo-controlled study.

Drm-

ngs,
hese

Three
different doses were given in an attempt to identify a dose which
might produce a therapeutic effect. Mildly to moderately impaired
Alzheimer outpatients were carefully selected because treatment might
be rmst effective in patients whose cholinergic neurons were only
mildly affected.

Materials and Methods—

The patients, three men and tw wmen (55-77 years, ~= 69.8; S.D. =
6.7), were referred to us after medical and necrologic evaluations for
dementia. Diagnostic studies including skull films, EEG, and CAT scan
were obtained and were consistent with the presence of Alzheimerrs
disease (12). Of the 12 patients evaluated for treatment during the
two months before the study began, six met the selection criteria.
However, one was dropped from the study because she became anxious,
developed a foul fishy odor, and experienced nausea and belching
during the 8 gm trial. Each patient plus a family member gave written
informed consent.

The cognitive test battery consisted of ten tasks. Four memory
tasks involved immediate recall of a logical paragraph (13), logical
sentences (13), meaningless sentences (13), and geometric figures
(Benton Revised Visual Retention Test, Form C) (14). Two other
menmry tasks assessed irrnediaterecognition of word lists presented
auditorily and visually (13). The Face-Hand-Test (FHT) (15,16) and
the Mental Status Questionnaire (MSQ) (15,16) served as clinical
measures for the assessment of altered brain function. The digit
symbol (1?) was used to test psychorrotorspeed and a Control Rating
Scale (13) was included to assess a subjective sense of control.
8ehavioral evaluations by a family member were obtained by completion
of the Sandoz Clinical Assessment-Geriatric (SCAG) (18). These 11
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tests yielded 13 scores: the Benton was scored for number of errors
and correct reproductions. SCAG items 1 through 18 were totaled and
examined separately from the 19th item, scored for overall impression
of the patient. The choline and placebo were administered in tablet
form and were identical in appearance (Nature’s Bounty, Inc., Bohemia,
N.Y.).

Each patient was pretested three times at 48 hour intervals. There
was variability in performance but no observable learning or practice
effects. Random assignment of patients was made to one of two treat-
ment.sequences: (1) two weeks each of baseline, 1st placebo, 8 m

,,~chollne, 12 gm chollne,

k

1)16 gm choline and 1 week of 2nd placebo N=3 ;
,f !(2) two weeks each of baseline, 8 gm choline, 12 gm choline, 16 gm

,.Choline,1st placebo and 1 week of 2nd placebo (N=Z). At the end of
jeach treatment week patients were tested, SL4G ratings were obtained,
and a 10 ml blood sample was drawn for plasma choline determination

19).

<’FOr each patient, Scores were averaged for each treatment to yield
ie score per treatment per patient. The two treatment sequences were

&

.ombined for statistical analysis.(3 There were no significant differ-
~ .ences between the 1st and 2nd placebo scores, hence they were combined.
‘.’:lhe 13 scores were subjected to statistical analysis by means of a

I

!,..
;hiaixedmdel analysis of variance for repeated measures (20).

‘1 (,;
‘ ~:,

+.
.A ,,

‘,% Results
&
,j, A main effect for drug condition (8 gm, 12 gm, 16 gm) versus placebo
;.,conditionwas examined as shown in TABLE I. Post-hoc comparisons were

+’ made if the analysis yielded any significant or nearly significant
S results. A drug main effect was found for the visual presentation
““word recognition task (F = 3,4; df = 3.25; p <0.05) but did not reach

?’

}!,$tatistica]significance for the auditory presentation word recogni-
~,~tion task (F = 1.1; df = 3.25; p = 0.37) because of large within-
+~;jsubjects variability. Post-hoc comparisons revealed that patients
,~~rewgnized more Wrds during the 12 gm than during the placebo
“~;Condition for both visual (t = 2.7; df = 24; p .0,02) and auditory
~ presentations (t = 2,1; df = 24; p <0.03). Plasma choline levels rOSe
‘ from a mean (~S.E.M.) of 3.9 t D.5 nM/ml during the baseline-placebo

$. period to 7.2 ~ 1.3 nM/ml during the 12 groper day period (t = 2.47;
&~,df
;$$+:

= 7; p <0.03).

Discussion

purpose of this pilot study in a carefully selected group of
y impaired outpatients with Alzheimer-type dementia was to find a
of choline bitartrate that might produce a therapeutic effect and
scover which cognitive tests would be nmst sensitive to a change
tellectual performance. At 12 gm per day of choline bitartrate
und enhanced performance on the word recognition tasks. At this
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TABLE I

Association of Choline Dose with Cognitive and Behavioral Scores

Dependent Measures

Word Recognition Word Recognition
Drug Condition Auditory Presentation Visual Presentation

(M ~ SD) (M ? SD)

Baseline 6.3 z 3.8 5.0 t 2.8
Placebo* 7.3 t 3.9 4.5 ?2.0
8 gm 7.6 ? 3.4 5.4 z 2.5
12 gm 8.7 ? 3.9** 6.5 t 2.8***
16 gm 8.0 ? 3.2 4.5 ~ 2.6

*Placebo scores were combined for statistical analysis but were
obtained both before and after drug treatment

**F = 1.1; df = 3,25; p = 0.37
***F = 3.4; df = 3,25; p <0.05

---------------

dose of choline the mean plasma choline level was nearly double the
mean value during the baseline-placebo period.

Since lecithin, the principal source of choline in the diet, does
not produce the fishy odor that choline sometimes does, we have
discontinued choline bitartrate administration in favor of lecithin.
Although we would not normally report work on such a small sample of
patients, we feel that doing so is warranted as a preliminary attempt
in identifying an effective choline dose and plasma level. In
evaluating any new pharmacological agent, it is important to avoid
premature negative results due to inappropriate selection of patients,
inadequate dose, or insensitive measures of clinical response. For
this reason a dose ranging pilot study that finds a dose related
therapeutic effect can be a useful guide for more extensive studies in
the future.
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in the Treatment of Infantile CoI.ic~‘~’ Cleafarice’ Center ~$
“;

. Fiftyinfantswith colicwere treatedwith llopan@ Choline-WT. Ex-
cellent response was achieved in72 per centand therewere few side
eff ect$.

T HE problem of infantile colic is fa-
miliar to any physician who cares for

babies. Although only light mention is
made of this problem in most pediatric
literature, the situation can be very dis-
turbing to both the attending physician
and to the parents A recent discussion]
on this topic emphasized that much crying
which is called colic is actually normal
crying which the parents should learn to
accept. Many parents commonly mistake
the two to six hour daily restless period
for colic. This “activity period” or “ex-
ercise period” often occurs at the same
time each day, usually in the late after-
noon or early at night. It is the physi-
cian’s duty to inform the inexperienced
parents of this normal restlessness and
to explain that some babies simply cry
more than others.4-5 The laity has unduly
labeled many forms of infantile restless-
ness as “the colic”, and each case must
be individually evaluated to determine
whether or not “true colic” does exist.

The Colic Syndrome

The syndrome which is usually called
“colic” is characterized by prolonged high-
pitched screaming associated with al-
ternate forceful flexion and extension of
the thighs. The hands are tightly clenched.
and on examining these babies one notices
a generalized hypertonus of the muscula-
ture, or “tension”. Breath-holding is not
unusual and is often associated with a
transient dusky hue of the skin. The eyes
are firmly closed, and tke forehead is con-
tracted into a frown. The abdomen is

“ Reprint requests to 1607 N. Seventh St.,
West Monroe, La.
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often tighttopalpation.Thereisoftena
familyhistoryofsimilarhyperirritabili
duringthenewbornperiodof eitheror
bothparents.Occasionally,theexaminer
willdetectsignsorsymptomsoftension
intheparents.

Symptom Complex Subsides
in Thrw Months

The passage of excessive flatus during
these episodes is not uncommon; many of
these infants are slow to burp or cannot
be burpd at all. Aerophagia, associated
with a marked desire to suck and a vora-
cious appetite, is commonly observed.
Sometimes air-swallowing can be heard
during feedings. The increased motor ac-
tivity with a marked sucking reflex may
give the impression that the baby inter-
prets his colic pains as hunger pains; this
causes more aerophagia with each feeding
which results in more colic. Fortunately,
this symptom complex usually has sub-
sided by the age of 3 months.g

Aerophagic Colic

The infant under consideration in this
study is the one whose colic seems to stem
mainly from aerophagia. He may be dif-
ficult to burp after feeclings, and he may
temporarily be unable to pass enough
flatus to relieve abdominal distention.
Changing nipples, bottles and formulas
may offer very little improvement. His
rapid intake of formula allows consider-
able air to be swallowed, regardless of
the feeding system used,

Antispasmodic Drugs Traditional

Traditionally, antispasmodic drugs have
been the cardinal treatment for colic. In

..-
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many instances relief or partial relief is
afforded by atropine or belladonna deriv-
atives such as dicyclomine hydrochloride,
meclizine hydrochloride, hyoscine hydro-
bromide and others either alone or in com-
bination with barbiturates or other sed-
atives. Because these agents are often
disappointing in relieving colic due to
aerophagia, this study was undertaken to
evaluate the converse therapeutic ap-
proach—that of using an agent which in-
creases intestinal motility rather than one
which diminishes it.

Pharmacology

Dexpanthenol ( Dextro-pantothenyl al-
cohol) is the alcohol analogue of d-pan-
tothenic acid, a member of the B-complex
group of vitamins:

iy~ ~

HO-CH2-q-CHOH-C-N H-CH2-CHt-CHfOH

-h
“’+:.- * - C’H3

.’,.t’ . ‘
< ~.,

.,> “ (amxo PAvroTM$-ffYL ILCOUOL)
> *P

,,R’@1.

#~ ‘On the basis of theoretical consider-
~;< ations, dexpanthenol has been used for the
“~~~;hfivention and therapy of gastrointestinal]
““i.’:‘.~~?:~a~ny or distention. The rationale for the
~$! ‘u& of dexpanthenol is based on the as-‘:.J$<.

j~..sumption that its administration increases
.;$&’Jthe amount of coenzyme A available for
‘~?~the formation of acetylcholine, which, in
;2~&rn, increases intestinal tone. So far,

‘W
# %no one has conclusively demonstrated that
? ‘},$he administration of dexpanthenol will
‘~~&d to an increase in coenzyme A and

&

.:J .+,.,.,
.F; ,-‘Iicetylcholine; thus, the scientific basis for

*W w of dexpanthenol has not yet been

\
‘k” ‘;‘.F.h Pved. However, many clinical observers

“-M%~&reconvinced that it does increase in-
t~$’@tinal motility.

~.i~ Choline is the parent substance of
;“~t#&e~lcho]ine, a neurohumoral substance

‘$ ““$~~;:f$quired for gastrointestinal tonus and
jfk..~sti]tic efficiency.

:,<
... Side Effects

o untoward effects have been reportid.,.
~~.theuse of dexpanthenol even when

doses were administered; thus the
~appears to be relatively nontoxic.
g “, “ :,.,”.:*+.*..;-
;19~~i. 120, No.’3/.: .,

The only known contraindication to the
use of dexpanthenol is hemophilia, in
which it may have a tendency to prolong
bleeding time, Theoretical considerations
suggest that dexpanthenol should not be
used for at least 12 hours after parasym-
pathomimetic drugs have been admin-
istered. Respiratory embarrassment was
observed in one case report when dexpan-
thenol was administered shortly after
succinylcholine therapy.

The only side effects observed during
this study were an occasional increase in
frequenc~ of defecation and in three cases,
some mild diarrhea which subsided when
the drug was withdrawn (Table 1).

TABLE 1
—
Side Effects Number of Cases Percentage

MildDiarrhea: 3 6

Method

Fifty infants were individually eval-
uated at various times during their first
3 months of life. All colic was considered
to be related to aerophagh% increased
sucking activity, and an unusually vora-
cious appetite with rapid intake of feed-
ings. The parents were questioned closely
regarding feeding habits, feeding tech-
niques, variety of foods, family history of

colic and the general and specific behavior
of the infants before, during and after
feedings. Cases in which colic was not
thought to be due to aerophagia were ex-
cluded from the study group. In all in-
stances the parents affirmed that smacking
noises or air swallowing could be heard
during feedings. Very often, colic was
noted soon after feedings and was as-
sociated with increased expulsion of flatus.

Each infant had previously been treated
with an antispasmodic-sedative combina-
tion in the usual therapeutic amounts with
only partial or no improvement in symp-
toms. The drugs initially used were either
methscopolamine bromide, dicyclomine
hydrochloride, meclizine hydrochloride, or
hyoscine hydrobromide (each combined
with phenobarbital). In some cases re-
fractive to these drugs other antispas-
modic-sedative combinations were used
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unsuccessfully. Usually, this was done
when a hyperirritabilityreactiondueto
thephenobarbitalwassuspected.
When symptomsand signsdid not

disappearwiththeoriginaltherapy,the
infantswereplacedondexpanthenolwith
cholinebitartrate(llopan@Choline-WT)
alone.Becausethisproductispresently
availableonlyin tabletform,thedrug
was crushedand mixedinSerpaltaor
raspberrysyrupsothatoneteaspoonful
ofsyrupwastheequivalentofonetablet
(50 mgm IIopanand 25 mgm choline
bitartrate). Refrigeration was recom-
mended in order to prevent overgrowth
of mold or other contaminants. The
dosage for all infants was one teaspoonful
(one tablet) every eight hours.

Parents were asked to report on the
effectiveness of the drug four to five days
after beginning therapy. They were spe-
cifically asked to watch for:

1) Any improvement of signs and
symptoms of colic — especially less
crying, less restlessness, less abdominal
distention.

2) Increased expulsion of flatus,
3) Side effec~pecially increased

frequency or loosening of stools,

Comment

This study was undertaken to evaluate
the effectiveness of a drug which in-
creases intestinal motility in relieving in-
fantile colic due to retained gas and
swallowed air. Admittedly, this report is
highly subjective, depending greatly on the
opinions of the parents so that “outside
factors” must be considered. The parents,
for example, might conceivably have been
more relaxed because they were using a
medication which they felt would solve
the problem. This lessening of anxiety
could have created a more relaxed environ-
ment for the infant and possibly improved
his colic. Of some significance, however,
is the fact that all infants had been pre-
viously treated with at least one of several
antispasmodic-sedative combinations with
only partial or no relief of colic symptoms.

Most of the infants were treated in the
first month of life but an occasional case

144

was first evaluated during’” the s&o@

!
month. Since colic is a temporary “condij,
tion, there is always the possibility tha ,;
improvement occurred spontaneously. ~‘{

Fifty colicky infants were treated and
observed mainly to determine whether any
relief could be obtained after an unsatis-
factory response to antispasmodic therapy.
This is not to suggest that antispasmodic-
sedative combinations are usually in-
adequate; to the contrary, many cases of
colic are afforded much relief by the usual
agents. There are some affected infants,
however, who seem to obtain relief mainly
by expulsion of flatus with increased bowel
tone. That 72 per cent of infants in this
group showed improvement suggests that
carefully controlled studies on a large scale
might be worthwhile.

Results

Since this was not a
study”, the subjective data
the parents were compiled

“double-blind
obtained from
and arranged

in three very general categories: ex-
cellent, fair, and poor (Table 2).

TABLE 2

Cattgorks Number of Cases Percentage

Excellent 36 72
Fair 11 22
Poor 3 6

Total : 50 100

An “excellent” response was considered
one in which marked improvement in
crying, restlessness, abdominal distention.
and expulsion of flatus afforded complete
or near complete relief of colic with only
occasional recurrent episodes noted.

A “fair” response was one in which
restlessness and crying showed slight or
temporary improvement, although in-
creased frequency and amount of flatus
were obvious.

The “poor” category included the cases
in which the parents were able to observe
no improvement of any type.

Colic is a troublesome syndrome but it
cannot be considered as dangerous to the
infant. For this reason any therapeutic
approach must be reasonably safe with no
serious side effects. The excellent safety

J. LOUISIANA STATE M. Sot.
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record of dexpanthenol-choline would lend
support to its use in infants with aero-
phagia and colic. Should further studies
confirm its efficacy, another advantage
would be the prospect of relatively pro-
longed therapy w’ith no likelihood of addic-
tion.

Summary

Fifty infants with colic apparently
related to aerophagia and retained in-
testinal gas were treated with three daily
doses of dexpanthenol-choline. All cases
had responded poorly to antispasmodic-
sedative combinations.

Thirty-six of 50 (72%) infants had an
excellent response to treatment with less
crying, less restlessness, and more expul-
sion of flatus.

No serious side effects were noted,
It is hoped that further experience with

dexpanthenol-choline in the treatment of

aerophagia and colic in infants may con-
firm the safety and effectiveness of this
drug.
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— A. INGREDIENT NAME;

DIMERCAPTO-l-PROPANESUL FONIC (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:

(Zimit-A4inA4@) (Resu[ts)
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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H. Information about dosage forms used:

Capsules

I. Information about strength:

200-400mg

J. Information about route of administration:

Orally

K Stability data:

Melts at about 230-235°
Stable

L. Formulations:

M. Miscellaneous Information:

——__
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QUALITY CONTROL REPORT

/4’CHEMICAL NAME . :DIMERCAPTO- 1- PRO PANESULFONIC
4

.

MANUFACTURE LOT NO. :NA0487

SPECIFICATION

PHYSICAL TEST

TEST STANDARD. :USP /BP /MERCK /NF /MART. /CO.SPECS.— —. —— — —’

l)DESCRIPTION. :
FINE, WHITE, CRYSTALLINE p@JDER; ODORLESS.

f. —. ——

2)SOLUBILITY .:
FREELY SOLUBLE IN WATER; SLIGHTLY SOLUBLE IN ALCOHOL AND IN METHANOL.

3)MELTING POINT.:
- MELTS AT ABOUT 230-235 DEGREE.

\
—

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)COMPLIES IR SPECTRUM AS

PASSES. :

PER COMPANY SPECS.

COMMENTS. : FULL NAME. :DIMERCAPTO-1-PROPANESULFONIC

ANALYST SIGNATURE. :

FAILS. :

ACID SODIUM SALT 2,3.

DATE. :

PREPACK TEST. : DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :
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MATERIAL SAFETY DATA SHEET

D1-2#Dimereapto-l-PropanemlfonicAcid,SodiumSalt,Monohydrate95%
02225

/-l

MSDS Name: D1-2,3-Dimercapto- 1-Propanesulfonic Acid, Sodinm Salt. Monohvd@e
\3

Synonyms:

.- DMPS
Company Identification: Acres Organics N.V.

One Reagent Lane
Fairlawn, NJ O741O

For information in,North America, call: 800-ACROS-01
For emergencies in the US, call CHEMTREC: 1300-424-9300
For emergencies in the US, call CHEMTREC: 800-424-9300

**** SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS ****

+----------------+--------------------------------- -–---+-----––--–+-----–-–––-+
I CAS # I Chemical Name 1% I EINECS# i

l---------------- l -------------------------------------- l---------- l-----------l
4076-02-2 lDI-2,3-Dimercapto-l-Propanesulfonic Acl 95% I 223-796-3 I

I lid, Sodium Salt Monohydrate I I I
+----------------+--------------------------------------+----------+-----------+

+*** SECTION 3 _ HAZARDS I~E~IFIcATION ****

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.
Chxonic:

Not available.

● *** SECTION 4 - FIRST AID MEASURES ****

Page20f5

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 irmnediately. Remove from exposure to fresh air
immediately. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

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

General Information:
As in any fire, wear a self–contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear.

Extlnguishi.ng Media:
Use agent most appropriate to extinguish fire.

Autoignition Temperature: Not available.
Flash Point: Not available.
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

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

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

Spills/Leaks:
Sweep up or absorb material, then place into a suitable clean, dry,
closed container for disposal. Avoid generating dusty conditions.

++** SECTION 7 _ ~LING and STORAGE ****

Handling:
Wash thoroughly after handling. Use only in a well ventilated area.
Minimize dust generation and accumulation. Avoid contact with eyes,
skin, and clothing. Avoid ingestion and inhalation.

Storage:
store in a cool, dry place. Keep container closed when not in use.

**** SECTION 8 _ EXpOSU~ CONTROLS, pERSOw PROTECTION ****

Engineering Controls:
Use adequate ventilation to keep airborne concentrations low.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+

I Chemical Name I ACGIH I NIOSH IOSHA - ‘Final PELsI

l-------------------- l ------------------- l------------------- l ----------------- I
I DI-2,3-Dimercapto-l lnone listed_—_ lnone listed Inone listed
I -Propanesulfonic Acl I I
I id, Sodium Salt Monl I
I ohydrate 1 I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs :
DI-2,3-Dlmercap to-l -Propane sulfonic Acid, Sodium Salt Monohydrate:
No OSHA Vacated PELs are listed fo~ this chenucal.

Personal Protective Equipment

Eyes :
wear appropriate protective eyeglasses 01 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 - PHYSICAL AND CHEMICAl 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

**** sECTION 10 . sT~ILITy ml) REACTIVITY ****

Chemical Stability:
Stable under normal temperatures and pressures.

Conditions to Avoid:
Not available.

Incompatibilities with Other Materials:
Strong oxidizing agents.

Hazardous Decomposition Products:
Carbon monoxide, oxides of sulfur, carbon dioxide, sodium oxide.

Hazardous Polymerization: Has not been reported.

**** SECTION 11 - TOXICOLOGICAL INFORMATION ****

RTECS# :
CAS# 4076-02-2: TZ6420000

LD50/Lc50:
Not available.

Carcinogenicity:
DI-2,3-Dimercapto-l-Propanesulfonic Acid, Sodium Salt Monohydrate -

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

No data available.
Teratogenicity:

No data available.
Reproductive Effects:

No data available.
Neurotoxicity:

No data available.
Mutagenicity:

No data available.
Other Studies:

No data available.
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++** SECTION

Ecotoxicity:
Not available.

Environmental Fate:
Not available.

Physical/Chemical:
Not available.

Other:
Not available.

12 - ECOLOGICAL INFORMATION ****

**** SECTION 13 - DISPOSAL CONSIDERATIONS ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not listed.
RCRA F-Series: Not listed.
RCRA P-Series: Not listed.
RCP.A U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SECTION 14 - TPJANSPORT INFORMATION ● ***

US DOT
No information available

IMO
Not regulated as a hazardous

IATA
Not regulated as a hazardous

RID/ADR
Not regulated as a hazardous

Canadian TDG
No information available.

material..

material..

material..

_
**** SECTION 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 h 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 C.Lass 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 Sign~ficant Risk Level:
None of the chemicals in this product are listed.

———...— European/International Regulations
European Labeling in Accordance w~th 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

Exposure Limits

**** SECTION

MSDS Creation Date: 3/07’/

listed on Canada’s Ingredient Disclosure List.

6 - ADDITIONAL INFORMATION ****

992 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.

--------------------------------------------------------------------------------

-—.= mtoproduct information



Sodium PolystyreneSulphonate/Unithiol997

Adverse Effects and Precautions

Succlmermay cmssegaslro-intestinaldisorders,
skinrashes, increases in serum tr~nsamirrctse, flu-
Iike symptoms. drowsiness. and dizziness. Succimer
should be used with cwttion in pntierrts with im-
paired renal function or u history of hepa[ic disewe.

Pharmacokinetics

Following oral administration succimer is ropidly
but incompletely Absorbed. It undergoes mpid wsd
extensive metabolism and is excreted mainly in the
urine with small amounts excreted in the faeces and
via the lungs.

References.

1. Dan RC, c! uI. Pharmacok!nctlcx of meso-?,3-dimcrcaptosuc.
c!mc .zc!din pimcms wth le~d vnwntng md in hml!hy ~dults.
J Pedtalr 1994. 12S: 309-16.

Uses and Administration
Succimer is a chelating agent structurally related to
dimerc~prol (see p.980). h forms water-soluble
chelates with heavy metals andis used in the treat-
ment of acute poisoning with lead. arsenic. or mer-

Uses and Administration

Trientine dihydrochloride is a copper chelating
agent usedin a similar way to penicillamine in the
trea[ment of Wdson’s disease, It [ends to be used in
patients intolerant to penicillamine. For J discussion
of the management of Wkon’s disease see p.992.

Trientine dihydrocbloride is administered by mouth,
preferably on an empty stomach. The usual ini[ial
dose is 750 mg to 1250 mg daily in 2 to 4 divided
doses increasing to a maximum oi 2 g daily if re-
quired. [n children, the usual initial dose is 50+3 [o
750 mg daily increasing to a maximum of 1.5 g dai-
ly if required.

Preparations
Names of preparations arc Iismd below: demds are given in Pm 3,
Oflicial PmparatJOns
U.V ?3: TMmnc HydrochlorideCJpsules.

Proprietary Prsparati0n5
USA Sypnne.

Unithiol (t059.a)
Cury.

Succimer may also be usedinthemwwement of&_~Wi.ml.3-d,mem.pt.pr.p.”esulphOna[e
C,H,NaO,S,= 210.3.cystinurkt, Succimer, labelled with a radionuclide, is

used in nuclear medicine.

In the treatment of lead poisoning, succimer is given
by mouth in a suggested dose of 10 mg per kg body-
weight or 350 mg per m~ body-surface area every 8
hours for 5 days then every 12 hours for art addition-
al 14 days. Tire courseoftreatmentmay berepeated
if necessary, usually after an in[erval of not less than
2 weeks. The managemerrl ot’ lead poisoning, in-
cluding the use of succimer. is discussed under
Lead. Trea[ment of Adverse Effects. p. 1720.

Reviews.
1. Anonymous. Succlmcr—m oral drug for lead pwomng. .Wcd

M Druv rhcr 199 I: 33:78
2. Mann KV, Travcrz JD Succlmcr. an oral lead chelator Clin

Pharm 1991: t091i-22

Excracorporwl administration. Exmscmporealinfusion
of succimerinto the o.rrerialblood line during haemodiatysis.
a preadure known as extracorpared reg!onal comptexing

haemodhiysm produced a subsmmial clearance of mercuty
in m anunc patient following intoxlcat!on wl!h hrotganic

mercury. [ Clearance was approximately ten umes greater
than tha wh]eved WIdI baemodialysls following mrrarnuscu-

lar admm!stration of dimercaprol.

I Kostyn!ak PJ, r: al Extracorporeal rcg!onal complcx, ng
haemodmlyw> !rmtmcn[ of acute ,norgan!c mercury !ntoxtca-

Non. Hum romcol 1990.9: 137-I 1.

Preparations
Names ofpreparmom we b,ted below: details we g!ven in Pan 3.

ProprietaryPreparations
USAChcmct.

Trientine Dihydrochloride ([]3~-a)

Tnenune D+hydmchlonde (BAN, r/NNM).

MK-068 I: Tnen Hydmchlonde: Tnenune Hydrochloride

(U5AN): Tnethyleneterramne Dlhydrochlonde. 2.2- Ethylene-

dl-!mmobls(echylamme) dihydrochlonde: N, N’-bls(2-Ammoe-

thyl)- 1,2-echanediamme dlhydrochlonde

C6H, SN,,2HCI = 2!9 2.

CAS — 112-24-3 (ment)ne), 38260 -01-4 (rr!entme d,hy -

drochlorlde].

Pharmacopoems. In US.

.4 white 10 pale yellow crysmlline powder. Freely solrtbtem
wa[ec solublein methyl alcohol; slightly soluble m alcohol:

prac!tca[ly insoluble m chloroform md In ether. A I % sohJ-
non in water has a pH of 7.0 to 8.5. Store under m ineri gas

rn airtight comamers aI 2“ to 8“. Protect from light.

Adverse Effects and Precautions
Trientine dihydrochloride may cause Iron deticwr-
cy. If iron supplements are given an interval of U
least 2 hours between the administra[lon ofa dose of
mientine and Iron has been recommended. Recur-
rence of symptoms of systenuc lupus erythemmosus
has been reported in a pauem who had previously
rezcted (o penicdlamlne.

C.& — 4076”-02-2.

Uni[hiol is a chelating agent strucwralfy related [o
dimercaprol (see p.980). It is water soluble ml 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. It may be less ef-
fective in cadmium poisoning.

Unithiol is given by mouth in doses of 100 mg three
times daily. lt has also been administered parenteral-
Iy.

Reviews.
1. ApmhimHV. DMSA and DMPS—wmersolubleaoudotcsfor

heavymetalpmonmg.AnnRcv Phannacol ‘hxrcol 1983: U:
193-215.

L Hruby K. Donncr A. 2, J. Dimcmap!o- l.propanesu fpbonatc In
heavy metal pcmonmg. Wed Toxtco( 1987:2:317-23

Leadpoisoning.Unitiiolhas been tied in twelve children
with chronic lead pisonmg, 1 It reduced lead concentmtions

in blood but did not affect the concerxmuons of copper or zmc
in plasm~. During treatment the urinary excretion of lead.

copper, and zmc was increased.

llre usual cheksong ~genrs usedin[hemarrxgemen:oflead
pmsonmgarediscussedonp,17?0.
1.Chtsolm JJ. Thomzs DJ. Use of ?.1.dimercrmmorooane. l-sul -

fonatc m weatmenc of lead poisomng !n chlldre; J“Phmrnncol
Exp T&r 1985, 23.S: 665-9

Mercury poisoning. Administration of unithiol 100 mg

twice dady by mourh for a maximum of 15 days enhanced
unnwy elimmruimt of mercury !n 7 patients w!th mercury

Poisoning. i Tire urinary elimination of copper and zmc was
also Increawd in most patients and two developd skm rutws.

Uni!hiol. 50 mg per IO kg body-wclght by intramuscular m-
jcction three umes a day reducing 1050 mg per 10 kg mtce a
day by dre rhird day of rrearnwm, effectively reduced IJJehalf-

life of mercury in the blood following poisomng with merJryl-
mercuty. !

1. Mane TGK. ClmIcal s!udies w!lh dimcrcapropropanc wlpho-
na!e ,n mercury polsonmg Hum TOXICO(1985, 4: 346

2. Clarkson TW d al, Tews of efticacy of mttdo!e~ for removal
of mcthylmercuty tn human po!son, ng dur!ng the Imq out-

brctik. J Pharmwi EXP rhcr 1981. 21S: 7443

Wilson’s disease. Unithiol 200 mg [wwe dally] wu used

successfully to mmmmn cupriuresis in a 13-yeamld boy wIrh
Wilson’s disease flfter he developed systemic lupus during

treatment with partcdtamine and with mentine dihydrochlo-

nde, wh]ch are two of the usuaJ agenm used in Wilson’$ dis-
ease (see p.992). Uni[hiol was surfed in IWO similar pauer, -
but horh withdrew from rreannem. one because of fever and a
fail m Ieucixyte count fottowitrg a ces[ dose and rhe orher be-
cause of intense nausea ami m.ste lmpmrmem.

1, Wd,he JM Un,chjol ,“ W,lw”’, diwa>e Er $fcd j ?%5; 290:

6734.

Preparations
Yamch ofprcpricmons are lIwed below: detwl, Xe g~ven ]n Pw 3.

Proprietary Preparations
Ger: Dimava~.Mercuval, L

d
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2, 3-DUWERCAPTO-1-PROPANE SULFONIC ACID (DMPS) IN THE
TREATMENT OF HEAVY METAL POISONING

Introduction

The use of chelating agents, such as BAL (British Anti-Lewisite), calcium disodium

EDTA, and peniciIlamine in the treatment of human exposure to toxic metals has been well

known and accepted (1, 2, 3). However, these chelating agents have limited therapeutic

efficacies and undesirable side effects. In the quest for therapeutically more potent and less

toxic metal-binding agents to use in the treatment of heavy metal poisoning, scientists have

found that the sodium salt of 2, 3-dimercapto-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. It is administered parenterally and is also effective when given orally. It has

been used as an official drug in the Soviet Union since 1958 as Unithiol@. DMPS has been

approved by the German Food and Drug Administration

Heyl & Co. in Berlin, Germany as DimavaI’@. However,

(FDA) and is manufactured by

it is a relatively new antidote,

especially to this country;

Chemical Properties

Structurally, DMPS

it is being used in the United States as an investigational drug (2).

is related to BAL (Figure 1) (1, 2, 3), [t is a sulfonic acid salt with

two free sulfhydryl groups (SH-) which form complexes with heavy metals. such as mercury

-

1
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(Hg), cadmium (Cd), arsenic (As), lead (Pb). copper (CU), silver {Ag), tin (Sri), and others. [t

is soluble in water and can be administered parenterally as welI as orally. DMPS has a

distinct odor; thus, it is recommended to administer the drug in ice cold orange juice or in

ice cold apple sauce (3). In addition, stability studies on DMPS are currently not available,

but itis considered to be vey stable and not readily oxidized during pre-use storage.

Ileraneutic Use

heavy

As mentioned eariier, DMPS is used in the treatment of poisoning in humans by

metaIs including mercury, arsenic, and lead (Table 1) (2, 6, 8, 9, 10). Jt 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). It has also been used as a mercury challenge or

diagnostic test for mercuiy exposure; it has been found as the ideal agent to detoxify

patients that have suffered from mercury toxicity from dental amalgam fillings after the

fillings have been removed (1, 5, 6). Moreover, DMPS has been reported to be useful in

1+ 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. [n the treatment of lead

T

-——

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).

WIIen given parenterally. 5 mg per kg body weight three times a day was the recommended

dose(7).
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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 #
. -1

T
this drug are widely available (1, 2, 11, 12). Studies have shown that 13MPS is distributed

both extracellulariyandtoa smallerextentintraceliularly(5, 11). Scientists made an

assumptionthatifthedrugappearedinthebile then it must have entered [iver cells first, and

experiments done in rats proved that DMPS does enter the liver cells in small amounts (5).

In the plasma, DMPS is found to be about 62.5% bound by protein, mainly albumin,

via a disulfide linkage (5, 11, 12). This was elucidated by treating the isolated DMPS-

albumin compiex from the urine with dithiothreitol (DIT) to give back DMPS, the parent

compound. The DMPS-albumin disulfide complex is quite stable and may prolong the

———
heavy metal mobilizing activity of DMPS. As a matter of fact, the half-life of the parent

compound was 1.8 hours: whereas, that of altered DMPS was 20 hours.

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4, 5, 11, 12).

Hurlbut, et. al. (1994) demonstrated that only about 12% or 9%, respectively, of the DMPS

concentrationdetectedin 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% of the total DMPS

disulfides) in the [iver 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

—_ 3



using an assay that employed the chemical known as bromobimane to react with the thiok

(Figure 3) (5, 12). Neither bromobimane nor DMPS has a fluorescence, but bromobimane

would react with DMPS to form a highly fluorescent bimane derivative. The resulting

compound is then analyzed using the technique of HPLC (High-Performance Liquid

Chromatography) to detect unaltered molecules. The value of the altered or biotransformed

molecules of the drug is then determined by subtracting the vaIue of experimentally

determined unaltered forms from the value of experimentally determined totai DMPS (5).

Nevertheless, the disulfide group and certainly the sulfonic group are vey poor

chelators, especially of mercury or lead (12). The two sulfhydyl groups of DMPS are

necessaty for chelation. DMPS disulfides appear to be transported and reduced to DMPS

within the renal tubuIes in the kidney where chelation of mercury by DMPS increases

. mercuy excretion in the urine.

Oral DMPS appeam to be less effective; oral bioavai!ability of DMPS is about 60%

(11). The half-life found for total DMPS in a study after IV adminisb-ation 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 metabolizes produced after oral and IV administration. Other

pharmacokinetic parameters of the drug include an elimination half-life of 43 minutes, a

volume of ditibution (Vd) of 160 rnlkg, and a clearance (CL) of 2.6 mvmiiv’kg (1, 11).

-1



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 mgkg, some patients developed

aiiergic reactions to the drug. This is usuaJJy because the patients have a history of allergies.

No anaphylactic shock was seen. Other common side

were mild and include nausea, weakness, vertigo, and

effects experienced by some patients

itching skin. No nephrotoxicity was

observed. It also exhibited no mutagenic or teratogenic effects (1). When the dosage was

increased to 100 mcjkg, the increased effectiveness was noted, but necrotization and

ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However,

when injected W, DMPS shouId be given over a five minute period since hypotensive effects

— are possible when it is given parenterally as a bolus (2).

DMPS vs. Other Cheiatinq Awmts

In the treatment of heavy metal poisoning. BAL and calcium disodium EDTA are

becoming obsolete. Water-soluble chelating agents like DMSA (succimer, Chemet@~) and

DMPS are therapeutically more potent and less toxic (1, 2. 5). When compared with D-

penicilIamine and N-acetyi DL-peniciilamine. 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 capsules for oral use as well as

parenteral preparations of DIMPSare available. DIMSA. on the other hand. is only available—_
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orally,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 woufd not be

expected to increasetheurinaryexcretionofessentialtraceelementssuchascopperand

zinc. DMPS is abletoenterceflstoa certainextentand thusisintermediateinitstoxicity.

~mparatively,DMSA is the least toxic of the dimercapto chelating agents and has the

highest LDw since it does not get into cells (Tabl~),

Conclusion

[n retrospect, it appears that there is no better chelating agent than DMPS in treating

heavymetalpoisoning.None oftheotherchelatingagentsincludingDMSA, BAL,-_

penicilIamine, 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.

—.
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Fimre 1

— Chemical formulas for chelating agents used for treating heavy metal poisoning of humans

(From Reference #2)
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Fime 2

Proposed Structures of the human urinay metabolizes of DMPS (From Reference # 12)
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Fiwre 3

Proposed Reactions of bromobimane with DMPS (From Reference #5)
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Table 1

._—_

Indications and Contraindications of chelating agents in heavy metal poisonings
(From Reference #2)

Metal* First Choice Second Choice Contraindications

Hg metal DMPS DMSA Dimercaprol

Hg inorganic DMPS DMSA Dimercaprol

Hg organic DMSA, DMPS Dimercaprol

Pb DMSA

As DMPS, DMSA

Cr DMPS

Sb DMPS

Transuranics DTPA

DMPS

Dimercaprol

Dimercaprol, EDTA

Dimercaprol (?)

●Abbrewations: Hg = mercury, Pb= lead, As= arsenic; Cr=chruirtium; Sb=annrrwny.

Table 2

*LDWDetermination intraparenterally in mice (From Reference #5)

Compound LD~C(mmol/’kg) 95% confidence Number of mice

interval

UA!. 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< = medianlethalclose
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2, 3-DIMERCAPTO-I-PROPANE SULFONIC ACID (DMPS) IN THE TREATMENT OF

HEAVY METAL POISONING
___

Introduction n

The useof chelating agents, such as BAL (British Anti- Lewisite), calcium disodium EDTA, and

penicillamine in the treaiment of human exposure to toxic metals has been well known and accepted (1,2,

3). However, these chelating agents have limited therapeutic efficacies and undesirable side effects. In the

quest for therapeutically more potent and less toxic metal-binding agents to use in the treatient of heavy

metal poisoning, scientists have found that the sodium salt of 2, 3-dimercapto - I -propanesulfonic acid

(DMPS>is an exampleof such a compound (2, -1). It is a water-solublechemicalanalogof dimercaprol

(BAL)but is lesstoxic. It is administeredparenterallyand is alsoeffectivewhengivenorally. It has been

used as an officialdrug in the Soviet Union since 1958 as Unithiol@. DMPS has been approved by the
.—=

German Food and Drug Administration (FDA) and is manufactured by Heyl & Co. in Berlin, Germany as

Dimaval@. However, it is a relatively new antidote, especially to this country; it is being used in the United

States as an investigational drug (2).

Chenu“cal Properties

Structurally, DMPS IS related to BAL {Figure I; [ 1,2, 3;). lt is a sulfimic acid salt with two free

sulfi~drvl groups [~SH-’,which form complexes with heavv metals, such as mercury ,’Hg), cadmium (~Cd),., . ..

arsenic jAsj, lead ,(Pbj, copper ,:CU;, salver (Ag~, tin ,’Sn), and others. It is soluble in water and can be

administered parcnterallv as well as orallv. DMPS has a distinc Lodor; thLIs, it is recommended to

1



administer the drug in ice cold orange juice or in ice cold apple sauce (3). In addition, stabili~ studies on

DMPS are currently not available, but it is considered to be very stable and not readily oxidized during pre-
—.

use storage.

Therapeutic U%

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by heavy metals

including mercury, arsenic, and lead (Table I) (2, 6, 8, 9, 10), It is registered with the German FDA for

the treatment of mercury poisoning and is in fact sold in Germany without the need of a prescription (z).

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$ patients that have suffered from mercury toxicity from dental amalgam Wings after

the fillings have been removed (1, 5, 6). Moreover, DMPS has been reported to be useful in Wilson’s

disease in which tissue levels of copper are high. It is given by mouth as a single dose of 300 mg or 100 mg
——

three times daily for as long as 15 days. In the treatment of lead poisoning in children an oral dose of 200

mg to 400 mg of DMPS per meter squared body surface area per day was used effectively without

observable adverse drug reactions (8JI. when given parenterally, 5 mg per kg body weight three times a

day was the recommended dose(7).

Pharrnaco
~.~i

DMPS has been exLensiveIy used m humans both in the Soviet Union and in Germany, and

pharmacokinetic d~ta after intravenous (IV) and oral [PO) administration OFthis drug are widely available

[I, 2, 11. 12”. SLudies have shown Lhat DMPS ISdistributed both cxLracc]kdar]y and to a smalIcr extent

2



intr~cellularlv (5, I I). Scientists made an assumption that if the drug appeared in the bile then it must have..-
____

entered liver cells first, and experiments done in rats proved that DMPS ~ 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-afbumin complex from

the urine with dirhiot.hreitol (DTT) to give back DMPS, the parent compound, The DMPS-aIbumin

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). Hurlbutj tt,

u1.(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 blotrartsformed or oxidized to acyclic polymeric distdfides (which

constitute only 0.59’0 of the total DMPS disulfides) in the liver and cyclic polymeric distdfides (97°A of the

total DMPS distdfides) 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 thiok

(Figure 3) (5, 12). Neither bromobimme nor DMPS has a fluorescence, bu[ bromobimane wotdd react

with DMPS to form a highly tluorcscent bimane derivative. The resulting compound is then malyzed

using rhe technique OFHPLC [High-Performance Liquid Chromatography) to detect unaltered molecules.

The value of the altered or biotransformcd molecules of dte drug is then determined by subtracting the

value o[cxperimcntal]v determined unaltered fkrms from &c value of experimentally determined total

DMPS 5:.

_—_
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Nevertheless, the disulfide group and certainly the sulfonic group arc very poor chelators, especially

—

of mercury or lead ( 12J. The two suIfhYdrY[ groups of DMPS are necessary for chelation. DMPS

distdfides 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

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 (I I). 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 (VdJ of 160 ml/kg, and a clearance fCL) of 2.6 mI/min/kg (I, I I).

_-

DMPS is a relatively safe drug and has been used innocuously in Europe for many years (I ~. In the

studies done on DMPS at a dose of 5 mg/kg, some patients developed allergic reactions to the drug. This

is usuallv because the patients have a h[storY of allergies. No anaphylactic shock was seen. other common

side effects experienced bv some patients were mild and include nausea, weakness, vertigo, and i~ching skin.

No nephrotoxicim was observed, It also exhibited no mutagenic or teratogenic effects ( I). When Lhe

dosage was increased to 100 mg/kg, the increased effecLitcness was noted, buL necroLization and

ulcerations oflen occurred at the site of the subcutaneous <SCj or IV injection. However, when injected

IV, DMPS should be given over a five lminute period since hlpotensive effects are possible when it is given

-.
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parenterally as a bolus (2).

—

InfPs vs. Othe r CMatuw hm~

In the treatment of heavy metal poisoning, BAL and calcium disod[um EDTA are becoming

obsolete. Water-soluble cheiating agents like DMSA (succimer, Chemet@) and DMPS are therapeutically

more potent and less toxic [1, 2, 5). When compared with D-penicillamine and N-acetyI DL-

penicillarnine, DMPS was the most effective for clearing mercury from the blood (6). It is more

advantageous than DMSA since it has been extensively used in the Soviet Union and in Germany, and

capsuies for oral use as well as parenteral preparations of DMPS are available. DMSA, on the other hand,

is only available orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does

not cause a redistribution of Hg to the brain like calcium disodium EDTA can. DMPS is more specific

_—*.
than calcium disodium EDTA; at diagnostic doses, DMPS would not be expected to increase the urinary

excretion of essential trace elements such as copper and zinc. DMPS is able to enter cells to a certain extent

and thus is intermediate in its toxici~.

Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the highest LD~O since

it does not get into cells (Tab[c 2~,,

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating heavy metal

poisoning. None of the other chelating agents including DMSA, BAL, penicdlamine, or calcium disodium

EDTA is as therapeutically diverse and potent in dctoxif~ing patients o[hcavv metaIs as DMPS. Other

5



chelating agents are more mxic 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.

-

Chemical formuhs for chelating agents used for treating heavy metal poisoning of humans (From Reference

#~]

—.
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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 DMPS Dimercaprol, EDTA

As DMPS, DMSA Dimercaprol Dimercaprol (?)

Cr DMPS

Sb DMPS

Transuranics !3TPA
‘Abbrcwauons: Hgc mercury;F%= Ica J:As= arscnIC;Cr=chmm mm; Sb =ancunony

L!2!d

*LD,O Determination intraparenteraIIY in mice (From Reference #5j

Compound I LD~O<n-umol/kg~ I 95°6 confidence

[

Number of mice

I 1 interval I

BAL I .48 1.11, 1.97 ~1~

DMPA OJQ 0.80,0.84 172

DMPS 6.53 5.49, 7.71 88

meso-DMSA I 13.73 I 11.36.15.22 I 164

—=
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*LD~O= medianlethaldose.

———
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— INTRODUCTION
.,

1946, summaries of the results of experiments dealing with a new metal
b;nding 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, Iewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals. It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

In subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced (1). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example D-penicillamine is
used to increase the excretion of copper in Wilson’s disease (2) and N-acetyl-
‘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-1 -propanesulfonic acid (DMPS) and mesodimercap-
tosuccinic acid (DMSA) were reported (4, 5). These compounds are water
soluble analos 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

=— zrunkin (4). DMPS is an offtcial drug of the Soviet Union where it is known
, Unithiol. Tne use of DMSA to increase the uptake of antimony during

schistosomiasis therapy was reported by Friedheim ef al, (5) in 1954. For the
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TABLE 1. SOME LIMITATIONS OF BRITISH
ANT I-L EWISITE

I. High toxici(y
2. Low therapeutic index
3. Unpleasant side effects
4, Limited water volubility
5. Instability in aqueous solution
6, Must be given by injection

WATERSOLUaLE ANDWLLY WI W

ANALOGSOF aRITISH ANTILEWISITE

‘H! SAL—
H- C- C- C-IXI (SRITISH Asrrruwsrm)
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Si. ri
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UT IBes—
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!7!7; IB6A—
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FIG 1.Water soluble and orally acsivc analogs ofBritish Anti-LewKiIe.

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-l l). 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 [hat the synthesis of DMPS is very difficult and its export from the
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficult, the main reason for a lack of investigative studies
in the West appears [o 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). DMPS is marketed by Heyl & Co., as Dimaval. It is
an approved drug in West Germany for the treatment of mercury
intoxication. With the increasing need for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important addition to
the physician’s armamentarium.

The present paper summarizes experiments in this laboratory dealing with
the experimental use of DMPS and DMSA in the treatment of poisonings of
t+e fouofing ~nd~ ~ium ar~nite in mice, kwisite in rabbits and cadmium

— ‘oriole in mice. In addition, a summary of some of the important properties
DMPS and DMSA that has been retrieved from the Soviet literature will be

discussed.

MA TERIALS AND METHODS

Animals. Male mice of the Swiss CD I strain (randombred Albino) were
usedinmostoftheexperimentsunlessotherwisenoted.Atthetimetheywere
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).

Chemicals. DMPS in the form of its Na salt was a gift of Hey]& 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-inert complex with the
metal. The complex, because of its insolubility, is not excreted from the body.
It remains in the cell, metabolically-inert and non-toxic. Therefore, it is

.—-. ssible that some metal binding agent might be l~e ~ving without increasing
: excretion of the metal. This mechanism ha @n proposed to explain the

effectiveness of N-acet yi-DL-penicilbmline (2 i ). For these ~ons we chose, as
t



304 H. V. APOSHIAN

the basis of our initial assays in the present work, the prevention of the lethal
action of NaAsOz, Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of 74As.

The concentrations of the FiaAsOz 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 0.9TC
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 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
dissokd in peanut oil unless otherwise stated.

Slalisticol analysis. When appropriate, experimental results were analyzed
using quantal response methodology. A logistic regression model was used to
tit 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~Gconfidence intervals were estimated
following Finney (23).

RESULTS AND DISCUSSION

DMPS or DMSA Protects Mice Againsl dze Ltwhal Eflects of Sodium Arsenite

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, D-penici]lamine and !V-acetyl-m-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 penicilIamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DMSA need be given immediately after NaAsOt. The
administration ofeither 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 mmpound (Table 4). Under the present
experimental conditions, they are effective as oral prophylactics against

arsenic intoxication.
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TABLE 2. PROTECTION BY DMPS OR DMSA AGAINST
THE LETHAL EFFECTS OF SODIUM ARSENITE (16)

Chelating
agent+ Cumulative 21day survival

(mmoles kg) No. surviving, No. starred
i.p. %

(Salirsc)” 0/ 4g o
0.80 DMPS 32/32 100
0.40 DM PS 12/12 Itxl
0.25 DMPS 24/ 24 100
0.14 DMPS 21/24 t17.s
0.07 DM PS 19;24 79
0.25 BAL 22/24 9?
0.14 BAL 2/24 a
0.25 DMSA 24/24 100
0.14 DMSA 20/ 24 83
0.07 DMSA - 16f 24 67
0.s0D-pen 0/12 o

_~ >.25*t%tt 0/12 o
MO N-Ac-nL-Peo 0/12 o
0.25N-Ac-tn-Pen 0/12 o

●Tbc NaAs~ (O. 14 mrnoksfkg) was injected S.C. in theright rear kg.
~Thc chelating ●gcnta were administered i.p. imrncdiatcly ●fter NaAsC+.
In this ●nd subsequent Tables, the data reprcxcnt the combined rrsults of a number of separate

experiments. The data were combined to take advanta~ of the resulting larger number of arrimaks
for the cakukation of median doses, the statistical evacuation of data and the more economical use
of pubficatiosr sfmcc. Thus. thercasort for the number of animals in some groups differing from
the number in other groups of the same Tabk is that wry often the combined data arc the result of
from 2 to 4 separate cxpcrimcnts in which different numbers of animals were used in each
experiment. otherwise. the cxpcrirncnts were performed under identical conditions, None of the
merupto sxrmpounds Iistaf in Tabk 2 arc toxic ●t tbc doss used ●nd under the conditions of the
pruent experiments.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE

DELAYED AHER ARSENIC POISONING (16)

Dithioi ●nd time Cumufativt 21day survival %
after NaAsC+ ●

t
ws given No surviving,’ No. started

(Saline) 0/20 o
0.25 DMPS

at 60 min 16, 19 84
at 90 min lft,’19 95
●l 120 min 17m 85

0.25 DMSA

al 6Ctmin 15, 19 79

at 90 min 19, m 95
at 120 tin 11/20 55

●Aff ●nimak rcceiwsf NaAsq (O. 14 mmolcs/ kg) s-e”in.the right rear leg. DM PS and DMSA
.-— were gken i.p. At tbc stasi of the experiment. when NaAsq was given, there were 10 animals in

:acb gcoup. However, in 3 of the experimental groups+ one animal diaf bdore DM PS or DMSA
W8S dtnin~erd. wore. those groupa ●rc fisted with 19 instead d the 20started- ,

.
,:..,
,.,.
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TABLE 4. PROPHYLACTIC Ah’D ORAL ACTIVITY OF
Dh4PS OR DMSA (16)

Thiol Cumula[ivc 21day survival
compound NO surviving. No. started

(mmolcs kg)
oral %

Saline
1.0 DMPS*

0.75 DMPS
0.50 DMPS
0.25 DMPS
0.12 DMPS
1.0 DMSA

0.50 DMSA
0.25 DMSA
0.12 DMSA

028
16, 18
8, 10

16 20
17,20
0! 10
8;8

10, 10
tl/ 10
4/ 10

0
89
80
80
85

0
100
100

80
40

The NaAsq (O. 14 mmotes/kg) was ●dministered S.C. in the right rear leg. DM PS or DMSA
was given orally15rssirsprior to the NaAsC$.

●Thesurvivalofcontrol ●nimats reaiving [.0 mmolcs of DM PS per kg and satirrc. instead of
NaAsC+., was Iw.

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-ac++rx-penici!lamine 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 DMPS and DMSA, has been evaluated
quantitatively by determining their activity in changing the LDW of NaAsOz in
mice. In addition, the therapeutic index of DMPS and DMSA has been

determined.

DMPr or DMSA increases the LDW of NaAsO1

The 7~x of subcutaneously administered NaAsOz 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 [o be
0.129 mrnol/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 sumive usually died within 3 days after injection.
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TABLE 5. LDW OF SODIUM ARSENITE IN THE MOUSE (201

NaAs02 Exp. I Exp.2 Summation
(mmol/ kg. s.c.) Dead Dead Dead

S=d S=d S=d

0.08 0/8 — 08

O.tw 0:8 08

0.10 o,ig 0/12 020
0.11 0,18 — 0;8
0.12 l/18 2(I2 320
0.13 318 7/12 10,20
0.14 7j8 12/12 19,10
0.16 — 12/12 12:12

L% (MSISO1/ k~ 0.13[5 0.1274 0.1290
9s%Confiieoa (o.122,0.260) (0.080,0. I 31 ) (O. 125.0. 139)

intcrvat

-- :k wayof qwtttitatkg 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

@ng more of the potential therapeutic drug. That is, the toxicit y of the toxic
agent should decrease by giving the therapeutic agent. When 2 i.p. injections
of DM PS (0.80 mmols DM PS/ kg/ injection) are given, one immediately
following and the other 90 min after the NaAsOl, the LDM of NaAsOz is
increased approximately 4.2-fold to 0.538 mmol/ kg (Table 6). Urider the same
conditions, but using DMSA instead of DMPS, the LDW of NaAsOz is
increased about 4.4-fold to 0.573 mmol/kg (Table 6). The increase with
DMSA is only about 5V0more than when DMPS isgiven.SincetheLDW of
NaAs02plus DM PS falls within the confidence interval of the LDW of NaAsOz
plus DMSA, it appears that the effect of DM PS and DMSA on the LDW of
NaAs~ is essentially the same under these experimental conditions.

Dcterm~nation 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 E%. The latter value is defined as the amount of
dimercapto compound (mmol/ kg) protecting 50% of the animals against the
lethal effects of 0.15 mmol NaAsOz/ kg. The latter dose kills IWC of the

animals in this laboratory.

The L% of DMPS, when given i.p., was found to be 5.22 mmols kg (Table
7). This value is comparable to tbe vrdue of 5.57 mmols/ kg obtained by
Kostygov(9) and 5.02 mmols/ kg, i.p., in ra~ as repofied recently by Planas-

—- hne’ef uf. (27). For DMSA, the ~ is 13.58 mmois/ kg (Table 8). It
]pares favombty with 12.I mmols~ kg, i.p., found in mice by Shih-Chun e{

a.- (11).jnShanghai and Peking and 14.0 mmols/ kg determined by Matsuda

M*.K ,: “’
~ “7‘..,.’!!..,.,, ,.(..~. -: ‘.. . !..~&.-L~..;, ,.,,~y ,.

-...:’:”ji:; ~:::::; :: ‘ :, f“
‘hi.:..:;.:’-,! .: .... ,:,,...-, .C ,,..
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TABLE6. DIMERCAPTO- I-PROPANE SULFONATEOR
MESO-DIMERCAPTOS UCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITE” (20)

DMPS DMSA

NaAs~
(mmol/kg. s.c.)

No. Dead No, Dead
No. Started N~ti

0.35
0.40
0.45
0.46
0.50

0.55
0.60
0.65
o.m
0.75

0, 12
5:24
0;12
2,12
8!24

13/24
18/24

—
23/ 24

—

2!24

8/24
8j36
—

5,/24

11/36
15/36
10/12

33/36
lzflz

L% (mmo]/ kg) 0.538 0.573
959+Confidcncc (0.492, 0.590) (0.443,O.ma)

interval

●DMPS orDMSA, 0.80mmol. kg. wasgivcn, i.p. imrnediaicl) after and%3 mirsafter NaAs~.

TABLE 7. L% OF
DIM ERCAPTOPROPANESULFONATE IN MICE (20)

DMPS Dead
(mmols,fkg 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
78

15:16
0’8
8, E

LDW (mmols’ kg) 5.22
95% Confidence (4,35, 5.5[)

mtcrval

(10) in Japan. An LDW in excess of 16.5 mmolsj kg has been reported by
Fnedhcim and Corvi (12). It is not clear whether this latter higher value is due
to a difference in the mouse strains used or isdue toa higherpurity of DMSA.
When mice were given NaAsOz (O.15 mmol/ kg) S.C.and 10 tin later were
treated, i.p., with different amounts of DM PS, the EDm was found to be 0.066
mmoli 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 MES@DIMERCAPTOSUCCI NIC
ACID IN MICE (20)

DMSA Dead
(mmolskg, i.p. ) S~d

6.0 0/32
I 2.0 8,/32

13.0 6/12
14.0 9/12
16.0 19,24
18.0 17/20
24.0 32/32

LDW (mmols rkg) 13,58
95% Confrrcncc (1 1.36, 15.22)

interval

—

TABLE 9. DETERMINATION OF THE E% AND THERAPEUTIC’ INDEX

OF 2.3-DIMERCAPTOl-PROPANE SULFONIC ACID, NaSALT. AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AFTER 0.15 mmols NaAs~}kg (20)

Dimercapto DMPS DMSA DMPS DMSA

agent + 10 tin + 10 min + 35 mirs + 35 min

(mmol: kg i.p.)

0.010
0.0[ 5
0.030
0.040
0.045
0.050
0.(%0
0SM75
0.070
0.075

* 0.080
0.090
0.100
0.105
o.im
0.125
0.150
0.160
0.200
0.3(UI

number surviving,’number started

O, 24 —
— 3136

5,24 7/36

6,’24 —
— g~24

10’24 —

13/24 18;24

o 12
—

1,30

—
0/’36
1/’36
—

6; 24
—

6;24
15:24

—
—
—
538
—

9.12—
21/24

—

mi24

—
—
—

15/24
—

3(;36

34I36
—
—

— —
5 12
3 10

16 28

ltl’24

——
31/36
35/36

— —
8,’12

13/17

21/30
68

37 46

35 38

21,’24—
— —
— — —
— — —

— —



310 H. V. APOSHJAN

was 79 and 209, respectively. When the DM PS and DMSA was given 35 min
after the NaAsOz, 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 NaAsOz under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsQ. Neither D-pen nor N-Ac-DL-pen changes
the LDW of NaAs02 significantly at the 95YGlevel of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithioca rbanate, a-mercaptopropionyl-
glycine, DL-N-acety]homocysteinethiolactone, and monomercaptosuccinic
acid.

TABLE 10. NEITHER D-PEN ICI LLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LD= OF SODIUM ARSENITE (20)

none BPcn* N-Ac-DL-pen*

JiaAsC+ Dead Dead Dead
(mmobykg, s.c.) smd SX s=

0.10 0/12 018 08
0.12 2/12 58 1,/8

0.13 7/12 7/8 5,’8
0.14 12/12 8:8 4; 8
0.16 12/12 8/8 8;8
0.20 — 8;8 88

L% (mmol kg) 0.127 0.119 0.133
95% Confidence (o.oBo- (0.078- (o.054-

intcnal 0.131) 0.191) 0. 142)

●c-pen or ~- Ac-DL-pcn (0.80 mmols,’ kg) was given. i.p., immcdia[cly following and at 90 m}n
afmr the metal blndmg agent.

DMPS and DMSA Have A nli- tiwisite 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-le wisile
activity. Thus, we have tested DMPS and DMSA for their activity in
protecting against the lethal effects of Iewisite. 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 200. It
causes blisters, tissue destruction and blood vessel injury. Systemic poisoning
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leading co 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 Iewisite 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 ymols,’ kg) is injected S.C.The volume
of lewisite injected usually amounted to between 7 and 1I yl, depending on the
weight of the animal. Table 11shows that either DMSA or DMPS will protect
rabbits against the lethal effects of lewisite. Using Iewisite alone, none of the 6
animals survived. If the animals received 75 ~mols DMSA/ 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 kwisite survived; 6696 survived when receiving the 75 pmols

=--- DMPS/ kg regimen; and 50% of those receiving BAL survived. 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.

@+LammHENm - ~ mm

FIG. 2. Ckrcmical formuta for kwim[c

* TABLE 11. DMSA OR DMPS WILL PROTECT RABBITS
AGA[NST LETHAL EFFECTS OF LEW’ISJTE

74a} suwival
EJcpt. pmots’ kg” survival start %

I LEW+ — 06 0
LEW + 75 DMSA 66 100

II LEW + — 16 17
LEW + 75 DMPS 4,6 66

LEW + 75 BAL 3{6 50

— ●AN agents were given S.C.cmxpl BAL which was giwen i-m. T& asmcd amount ofdimcrapro
compounds were given ●t +1”. W, +180’, +36Waf@r kwisileand am and p.m. on day 2and3.

T29.7 pmok Icwisite/ kg T&se cxpcnmcnts were performed in collaboration with Drs. B.
Hackky, M. Merxfwo ●nd Mr. F. Brinkkcy.
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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 An~i-Lewisite activity.

Treatmen! of Cadmium Toxicity

Cadmium is virtually ubiquitous. It is deposited and accumulates in most
body tissues. It is found in all environmental compartments (air, soil, food and
water). The study of cadmium biology has been stimulated by the debilitating
osteoporosis of Itai-ltai disease in Japanese adults and the awareness that the
increased use of cadmium in industrial and agricultural processes has greatly
increased the prevalence of cadmium in the environment (28-30). Along with
this, there has been an increased incidence of both acute and chronic cases of
clinically identifiable cadmiosis (31). In the U.S., although the cadmium
content of the human fetus is about 1 p~ 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, 3.V37) and dimercaptopropanol is contraindicated (37-39). It is
astonishing that no accepted dependable effective drugs have become

available for treatment of cadmium intoxication, especially sincx 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. DM PS protects mice against the lethal action of
cadmium chloride (Tables 12, 13 and 14). Multiple ligand therapy, however,
invoIving CdC~, DM PS and EDTA is ineffective. These obsemations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones el 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 ef al. (40) with peptide fragments of mouse metallothionein
is encouraging and should be extended to test peptide analogs of
metallothionein fragments. Our own results are only a beginning and all
studies with cadmium lethality and its therapy should be followed by kidney
function tests.

Clinical ~ectiveness in Man
Obviously the results of experiments summarized here and elsewhere

warrant the continued investigation of fhese metal binding 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)
(mmoljkg)

Cumulative 28day surw-ival T(
Group

(mmol kg)
(i.p.) (i.m.)

No. surviving; No. started

1 0.06 + (aalinc) 13’56 23

II 0.06 + 1.0 DMPS 19’20 95

III 0.06 + 0.4 DMPS 12/’20 60

Iv 0.06 + 0.2 DMPS b, Ml 20
v 0.06 + 0.50 CaN+EDTA 12, 18 67

VI 0.06 + 0.10 CaNqEDTA 8’20 40
Vll O.w -i- 0.05 CaNqEDTA 4:18 22

Vlll 0.06 + 1.0 DMF% &

0.50 CaNqEDTA 10/ 10 tfm

[x 0.06 + 0.40 DMPS &
0.10 GNq EDTA 2/12 17

x O.ofs + 0.20 DMPS &
O.JO GN%EDTA 3/12 25-

xl 0.06 +; ‘0.20 DMPS&

0.05 CaNqEDTA 3/10 30

X11 (aafinc) + 1.oO DMPS 9, 10 90

‘The i.m injcxtions were gkn 60 min after the i.p. injection of Cd.
?Tfw orK animal that did not survive in lhis group died on Day 21.Death apptared to be the

result of fighting.
$Whcrs asline was given Lp. instead of CdC$ ●nd any of the following were gkn i.m.

(mmol,’kg)thc survival was KWi: DMPS (0.fUI) Or(O.20): CaNqEDTA (0.50) or(0.05):DMPS
(1.0) & GNqEDTA (0.5): DM PS (0.20) & CaNa,EDTA (0.05).

TABLE [3. DMPS GIVEN ORALLY INCREASES THE SURVIVAL OF MICE
RECEIVING CADMIUM CHLORIDE (0.06 mmol kg)I.P.

Tirnc ●fter Cd~ that Cumulative 28-day survival

* DMPS (1.0 mrool/kg)* No. surviving No. sIm-tcd

Group was given orally %
(miss)

1 –t. –. [ 16 6
II +10, + 90, 10 16 62

Ill +10. + 90. 13 15 87
Iv —, + 90, 10 16 62

The following groups arc
controls and rcceivcd
saline in place of CdC~

v +10, —, 14/ 16 88
VI +10, + 90. 16/ 16 100

——_ .. ., .;yll ,—-, +90, 16;16. —’ 100



TABI. F 14 NEITHER PFNICII I. AMINE NOR ITS AN AI.OGS PROTECT MICE FROM
THE I. ETHAI. EFFECTS OF CADMIUM

CdC12 Thiol compound

Croup
Min after CdC~ Cumulative

(i, p.) (oral) that thiol cmpd, 28-day survival %
(mmol/ kg) (mmol/ kg)”

I
II

Ill
Iv
v

VI
VII

Vlll

lx
x

xl
X11

xiii

Xlv
xv

xvi

0.06
0.06
0.06

(saline)
0.06
0.06
0.06

(saline)
(saline)
(saline)

0.06
0.06

(saline)

0.06
(saline)
(saline)

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

(saline)
1,() N-Ac-Pcn
1.0 N-Ac-Pcn
1.0 N-At-Pen
1.0 D-Pen

1.0 D-PCn
1.0D-Pcrr
1.0 D-Pen

1.0 o-Pen
1.0 D-Pen
1.5 N-Ac-thioiisolcuc
1.0 N-Ac-!hiolisolcuc
1.5 N-Ac-thiolisolcuc
1,0 N-Ac-thiolisolcuc
1.0 B-thiolisoleuc
1.0 IJ-thitslisolcuc

—
+103 J. + 180
+lo, +—, +—
+10. + 90. + 180
+10, + 90, + 180
+lo, +—, +—
+lo. +90, +—
+lo. +—. +—
+lt), +90. +—

+10. +90. + 180
+10, +90. + 180
+10. + 90, + 180
+10. +90, + 180
+lo, +—. +—
+lo, +—. +—
+lt), +-, +—

2/32 (s
1/8 13
0/8 0
8/K 100

15/ 16 94
0/m o
1/8 12
8/X I 00
7/8 88
718 w
o/u o
1/ 16 19
fsln 75
618 75
3/x 3&
9/9 100

x

.. . ,’; ‘Amount given at each stipulated time.
.,, ,,.

.’: tThese rcsulIs arc ihe sum of 4 separate cxpcrimcn!s.
. ., ..,:
. .,

(
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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
event ual recovery. DM PS has also been effective in human arsenic poisoning
(Wager, personal communication). Fnedheim 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 Itaqi mercury disaster has been

,“

/- TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE

‘ ;-t> INFORMATION ABOUT AN D PHARMACOLOCVCAL Properties

—>_ ‘ ‘K,. ”.- ~“; ‘.~”~ ~ ““+.’ OF DMPS AND DMSA , ,.. .. . .

,> Dirsscrcsptopropanel -sulfonate. M-Z3dimcrca~osuccirric ●cid
Na satt(DMPS. unithiol dimaval) (DMSA, Succimcr)

1.

2.

3.

4.

5.*

6.

7,

8.
9.

Sytrtbcsized in 195(L5Iat the Ukranian
Rcs. inst. for Hcakh-chemistry by
Pctrunkin. Pwbtishcd in 1956 (4).

Cryatathsc powder, readily soiubk in
water. Very atabk during sterilization
●nd Iong-term storage.

Low toxicity. well tokrated even for
chronic UK, but DMSA is ICSStoxic (20).
Major toxic effect of high dose is
hypowtrsion (6, 8).
Dwtributcd in cxtracelhstar spa=,
exchssivciy ( 14). Excretion is urinaty and
rapid ( 14). Metabolic involvemcrtt
supposedly none.
Effective arttidotc for As, H& Sb, A&
Au. Cu. Cr, Pb, Po, Co, (6, 7, 16, 20,
45-49)

Urinary cxcrction ofCu and Zm Incrcasc
Fe, Co, Mn or Ni excretion, noms or
minimal (55).
lncrcasc bile flow.
Thcrapcotic dose about 250 mg for

1.

2

3.

4.

5.

6.

7.

8.
9.
:..-,

Fricdhcirm 1954. d SbDMSA to
increase Sb rsptakc in sclristosomiasis
tbcrapy (5). (Intensiwly studied by
mainland Chinese, 19S9, for therapy of
occrspatioriat mctaf poisoning ( I l).
Primary SovicI investigator si- 1%5
has been Okortishnikova (S0).
Crystaltinc powder. Muss be brought to
pH >5.5 before compktety xolubte in
water. Stabifity during stcrilizatiotr and
long term ssomgc unk nowm
Toxicity is about 2.5 times less than
DMPS (20).
Major toxic cNca of high dose unknown
●t prcscot.
Distributiotr in body compartmcrrts
unknown at prcscrtt.

Effcctivc antidote for As, Pb. Hg. Zn ( 16,
20, 50-54)

Urinary cxcrtiiort of Co, Fe. Mn. Crs. or
Zm rronc or minimml (43).

Effcc! on MC ftow unknown.
Tbcraxutk sbc from 0.5 to 2 c for

I

I



SUMMARY

Water soluble analogs of British Anti-Lewisite that are aaive orally and less

toxic than BAL are now available. These agents are 2,3dimercapt o-1-

propanesulfonic acid and mesodimerc.aptosuccinic ad. Evidenee for their
effectiveness in preventing the lethal effects of sodium arsersite 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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NOTCE

TH,W YfATERML MAY SE PROTECTED BY
Cd,~:iF.W!T LAW (TITLE 17, U.SeCO@E)

.

BIOLOGICAL CHELATION: 2,3-
DIM ERCAPTO -

PRO PA NE SULFONIC ACID AND
ME SO- DIM ERCAPTOSUCCINIC

ACID

H. VASKEN APOSHIAN

Department of Cellular and Drvclopmcntal Biology,
U nivemity of Anzon& Tucson, AZ 8572 I

INTRODUCTION
.—-.

, 1946, summaries of the results of experiments dealing with a new metal
mding 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 came of
dimercaprol. lts importance initially was its effectiveness in treating exposure
to the arsenicwontaining chemical warfare agent, Iewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals, It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

[n subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced ( I). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example D-penici]]amine is
used to increase the excretion of copper in W’ilson’sdisease (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 hasremained
thedrugof 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 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
-=—= Unithiol. The use of DMSA to increase the uptake of antimony during

~histosomiasis therapy was reported by Friedheim et al, (5) in 1954. For the

Ml

.
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TABLE 1. SOME LIMITATIONS OF BRITISH
ANTI-LEWISITE

1. High!oxicl!y
2.LOW therapeuticindex
3.Unpleasan[sideeffests
4.Limitedwatersolubiliry
5.instabilityinaqueoussolution
6.M USIbegrven by injection

WATER .Y3LUBLE AND ORALLY AC71VX

ANAUXS OF BRITISH ANTI LEWISITt

“_~_~_~_m ML—

(BRITISH ANrILEmsITE)

Ill
SSH
HH

HHH

11 l..
H–c-c–c-sos’N~Ill

SSH
H II

tw’s—
(2,3 -D[*RCAPTO-l-PRC?ANE -
SULF~lC ACID, Ha SALT)

WI THIOL, DIMAVAL—.

;77; WA—
Ho -c-c-c-c-m (NESO-DILERCWTOSWCINICACID)

IISs SUCC[KU

HH

FIG I Water soluble and orall} aaivt analo~ of Bn!ish Antt-Lcw!sitc

next 20 years,many reports about the usefulnessOfthesetwo dimercapto
compounds appeared in the biomedical literatureof (he Sovie[ Union and
mainland China. A few examples of theseare cited(6-1l).During thistime.
studiesof thesecompounds by western investigatorsappear to be virluali!
nonexistent.(For example, it was not until 1975 that Friedheim and COWI

(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 mercu~’

chelation therapy). The reasons for the paucity Of earlier studies in the West

may be that the synthesis of DMPS is very diffidtanditsexportfrcrtnthe
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficult,the main reason for a lack of investigative studies
in the West appears to be that interest in and funds for chelation research were
very limited. DMSA is called Succimer in the Soviet literature.

In about 1978, Hey]& 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). DMPS is marketed by Heyl & Co., as Dimaval. It is
an approved drug in West Germany for the treatment of mercury
intoxication. With the increasing need for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important addition to
the physician’s armamentarium.

The present paper summarizes experiments in this laboratory dealing with
the experimental use of DMPS and DMSA in the treatment of poisonings of
the folloting kinds: sodium arsenite in mice, kwisite in rabbits and cadmium

‘oriole in mice. In additio~ a summary of some of the important properties
2MPS and DMSA that has been retrieved from the Soviet literature will be

-,scussed.

MA TERIALS AN DMETHODS

Animaf.s. 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 25-30 g. Their source of
purchase, their food and conditions for maintaining them have been described
previously (16, 20).

ChernicaLr. DMPS in the form of its Na salt was a gift of Heyl & Co., Berlin.
Since each molecule of NaDM PS has a molecule of H20 associated with it, a
molecular weight of 228.2 was used in mol calculations. DMSA used for the
ribbit 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 diflerent measurable responses. The basis
of one type of assay is the prevention or reversal of the lethal or [oxic 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 -inen c-mplex with the

metal. The complex, because of its insolubility, is not excreted from the body.
It remains in the all, metabolically-inert and non-toxic. Therefore, it is

_ ssible that some metal binding agent might ~ life saving without increasing
‘- excretion of the metal. This mechanism has been proposed to explain the

iectiveness of N-acet yl-DL-penicilhmine (2 I ). For these reasons we chose, as
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[he basis of our initial assays in the present work, the prevention of the lethal
action of NaAsOz. Eventually a quantitative comparison will be made of these
agents as to their influence on the excretion of 74As.

The concentrations of the NaAsOz 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 ~dministration, i.p., of that compound on the LDW of NaAsOz was
determined by injecting, s.c., various amounts of NaAsQ dissolved in 0.9’%
saline. Solutions of the mercapto compounds were prepared immediate]}
before use in 0.9% saline, adjus[ed 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 othetwise stated.

S/arisrical 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
effect ive dose and corresponding 95Ycconfidenm intervals were estimated
following Finney (23).

RESULT SAND DISCUSSION

D.4iPS or DMSA Pro(ec[s Mice Against ~he Lethal Eflects of Sodium Arseni?e

Mice injected with 0.14 mmois NaAsOz/kg (an approximate LD 100 dose)
and saline, in lieu of mercaplo compounds, did not survive (Table 2). The
deaths occurred within 48 hr after arsenic administra~ion. DMPS and DMSA
are potent antidotes (Table 2) when either agent is given intraperitoneall!
immediately after NaAsOz. However, two other well-known and clinically
useful chelating agents, D-penicillamine and N-acetyl-Dt--penicillamine, do
not protect (Table 2) under these conditions. The results with these two
sulflydryl compounds are unexpected since [here have been two report softhe
usefulness of penicillamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DMSA need be given immediately after NaAs07. The
actmlmstration of either one of the compounds can be delayed at least 2 hr and
still be effective (Table 3).

Of greaterimportanm 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)

Chcla[ing
agenlt Cumulative 214ay Survi\al

(mmoks kg) ho surviving, No. starred

i.p. %

(Salirsc)’ rJ/.4g o
0.80 DMPS 32/ 32 ICQ

0.40 DM PS 12/12 I@

0.25 DM PS 24:24 100
0.14 DMPS 21/24 87.s

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 ti3

0.07 DMSA 16{24 67

0.80 -Pen 0/12 o
-- ~.2S w?esr 0/12 o
‘- %0 N-Ac-DL-Pcn 0/12 o

/.25 N-Ac-rn-Perr 0/12 o

‘Tkc NaAs~ (0. 14 mmolcs: kg) was injcctcd S.C. in the right rear kg.
Tl%c chclatirsg agents were sdmmistered i.p. immediately aflcr NaAsC+.
la thk and subsequent Tabks, [hc daia rcprescnr k combined results of a number of separate

cxpcrimcnts. The data wcm combined to take advanta~ of the resulting kargcr number of animak
for lhc cakukatioo of median doses. thcstmistieal evrshsation of data and [he morccconomicd usc
of pubficatiosr space. Thus, Ibc reason for the number of animals in some groups differing (rem
Itsc ssumbcr in other groups ofthesameTabk is[ha[wr) often\hecombineddataarcthermltof
from2 to4 sepamtcexperimentsinwhichdifferentnumbersofanimalswereusedineach
expcrimcm.Ohcrwisc.theexperimentswerepdormcd underidenticalcondl[ionsNorseofthe
~PO @rnPorJnd$lislcdinTabk 2arc10XSCalthedosesusedandursdcrtls~con~it,onsof(~
prcacntcxpcnmcnts.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE
DELAYED AFTER ARSENIC POISONING (16)

Dithiol and tiroc Cumulative 21 da) survival 9i
●fter NaAs~*

t
was given No survivirrg’No. starred

(saline) 020 0
0.25 DMPS

at Ml mm 16 19 84
at 90 mm 18 19 95

al /20 tin 17 20 85
0.25 DMSA

at 60 mm 15 19 79

at 90 min 19 20 95

●t 120rsun 11,/20 55

●AU animak rcczivcd NaAsq (O. 14 mmolcs/ kg) S.C in the right r=r leg DMPS and DMSA
+ /ere giwn i.p,At the start Jf the experiment, when NAAsq was given, there were 10 animals in

ach group. However, in 3 of [hc cxpenrrrenlal groups. one animal died before DMPS or DMSA
was administered. Tbcrcforc. th~ gToups ●rc listed with 19 instead of the M started.
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TABLE 4. PROPHYLACTIC AND ORAL ACTl\’ITY OF
DMPS OR DWSA (16)

Thlol Cumula[!\c ?Iday surwval
compound No surwwrsg No s[arted

(mmoles kg)
oral %

Sahnc o 28 0
1.0 DMPS” 16 18 89

0.75 DMPS 8 10 80

0.50 DMPS 16 20 80
0.25 DMPS 17 20 85
0.12 DMPS o 10 0

1.0 DMSA 88 100

0.50 DMSA 10 10 100

0.25 DMSA 8, 10 80

0.12 DMSA 4, 10 40

The NaAsq (O. 14 mmolcs: kg) was administered S.C in the right rear Icg DM PS or DMSA
was given orally 15 miss prior to the NaA+.

●The surwwal ofcomrol animals rceeiving 1.0 mmolcs of DMPS pcr kg and saline. inslcad of
NaAsC+, was 100%.

The experiments summarized in Tables 2 to 4 demonstrate theeffectiveness
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 o-
penicillamine and N-acetyl-tx-penicillamine arewithoutbeneficialproperties

against the lethaleffects of arsenic under the conditions used in these

experiments. Although to our knowledge, arsenic chela[e 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 therap> of
arsenic poisoning.

Meanwhile, the relative effectiveness of a number of metal binding agents.

with particular emphasis on DMPS and DMSA. has been evaluated
quantitative) by determining their activity in changing the LDW of NaAsO: In

mice. In addition, the therapeutic index of DMPS and DMS.4 has been

determined.

D.M P5 or D.MSA incrcuscs (he L Dw of Na.4s02

The LDW of subcutaneously administered NaAs02 was found to be O 132

and O. 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 10 be

0.129 mmol/kg (Table 5), The curve is remarkably steep, having a slope of
40.76, if the proportion survival vs dose model is used. The animals that did
not surviveusuallydied 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/ kg s.c. ) Dead Dead Dead

Started S=d S=d

0.08 Olg — 08
0.09 OS — 08
0.10 0,8 0;12 o, m

0.11 olg — 0,8

0.12 1,’8 2:12 3m
0.13 3/B 7/12 10, m
0.14 7/8 12/[2 19 10
0.16 — 12/12 12 12

L% (mmol/ k&) 0.1315 0.1274 0.1290
95% Cordidena (o. I 22.0.260) (0.mo,o.I31) (O.125.0.139)

isstcrvat

‘he way of quantitating the aaivity of a drug in overcoming the toxicity of_——_
agent is to determine how much the LD~ of the toxic agent is increased by

ewing more of the potential therapeutic dreg. 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 NaAsOl, 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 LDM of NaAs02 is
increased about 4.4-fold to 0.573 mmol/ kg (Tabk 6). The increase with
DMSA k only about 59f0more than when DMPS is given. Since the LDW of

NaAsOz plus DMPS falls within the confidence interval of the LDM of NaAsOl
plus DMSA, it appeam that the effect of DMPS and DMSA on the LDM of
NaAsOZ is essentially the same under these experimental conditions.

lleterm~nalion of Therapeutic Index

It ,was atso 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 EDW. The latter value is defined as the amount of

dimercapto compound (mmol, kg) protecting S()%0of the animak against the

lethal effects of 0.15 mmol NaAsO, ~kg. The latter dose killsIW( of the.—
animals in this laboratory.

The L% of DMPS, when given i.p., was found to be 5.22 mmols kg(Table

7). This value is comparable to the vatue of 5.57 mmolsikg obtained by

Kostygov (9) ●nd 5.02 mmoIs/ kg, i-p., in rat& as reported reantly by Planas-

—_ hneef u/. (27). For DMSA, the ~ is 13.58 rnmols/kg (Table 8). It
~paresfavorably with 12. I mmols/ kg, i.p., found in mice by Shih-Chun ef

at. (11) in Shanghai and Peking and 14.0 mmols/ kg determined by Matsuda

Aan. K
,.

, ,.

,, :.
,.

;,:, ,,,
.,. .?...’,



TABLE6. DIMERCAPTO-I -PROPANE SULFONATEOR
MESO-DIMERCAPTOS UCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITE” (20)

I

i

DMPS DMSA

NaAsC+
(mmol/kg. SC.)

No. Dead
No. Started

No. Lkad

N7%7Gk

0.35 0, 12 2,I24
040 5[24 8;24
045 0;12 8/36
0.46 2, 12 —
0.50 8’24 5,/24
0.5s 13;24 11/36
0.60 18/24 15136
0.65 — 10/ 12
o.m 23 I 24 33/36

0.75 — [2:12

L% (mmoi, kg) 0.538 0.573
95% Confidcnct (0.492, 0.590) (0.443, 0.708)

interval

●DMPS or DMSA. 0.80 mmol kg was given, i.p. imrncdiatcl) aftcrand W minafter NaAs~.

TABLE 7. LDW OF
DIM ERCAPTOPROPAN ESULFONATE IN MICE (20)

DMPS Dead
(mmotsfkg. i.p.) S=d

3.3 0;8
4.0 08
5.0 7/16

5.5 5,’8
6.0 78

6.6 15’16
7.0 8 ‘8
9.9 88

LDW (mmols kg) 5.22
95Z Confidena (4.35.5.51)

mlerval

(10) in Japan. An LDW in excess of 16.5 mmols; kg has been reported by
Fncdheim and Corvi (12). 1[ is not clear whether this latter higher value is due
to a difference in the mouse strains used or is due to a higher purity of DMSA.
When mice were given NaAs02 (O.15 mmol/ kg) S.C.and 10 min later were
treated, i.p., with different amounts of DMPS, the EDm was found to be O.066
mmol/ 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-DIMERCAPTOSUCCI NIC

ACID IN MICE (20)

309

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% Conftiencc (11.36. 15.22)

interval

_—+
TABLE 9. DETERMINATION OF THE EDm AND THERAPEUTIC INDEX

OF 2.3-DIM ERCAPTO-I-PROPANE SULFONIC ACID, NaSALT, AND
MESO-DIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AITER 0.15 mmoks NaAs~:kg (20)

Dimcrcap(o DMPS DMSA DM PS DMSA

●gent + 10 mill + 10 min + 35 tin + 35 min

(mmol; k& i.p.) number suwiving. number waned

0.010 024 — o 12

0.015 0;36 — 336 —

0.030 1,’36 5, 24 7:36 1,30

0.040 — 6:24 — —

0.045 6; 24 — 8 24 —

0.050 — 10’24 — —

0.060 6(24 13/24 18/24 538
0.0675 15 24 — — —

0.070 9 12 —

0.075 21,/24 — —

t 0.080 — 18’24 — 5 12

0.090 20!24 — 15/24 3 10

0.100 — — — 16 28

0.105 31/36 — 3036 —

o.im J5,/36 — 34’36 8’12

0.125 — 21:24 — 13/17

0.150 — — — 21/30

0.160 — — — 6’8

O.m — — — 37 46

0.300 — — — 35 38

y(bl~:lg) 0.066 O.(M5 O.MI 0.119
(o.059- (0.w (o.071-

intcfval 0.072) C’> 0.-) ‘ ?m? 0.164).-.
Thcsapclstic - \ -.

index ‘“
::, ?’~.;;i~,’l:f”l ~

79 :“<. ,,., . . , :=:C, 115,.

I
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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
to be a more effective agent than DM PS in protecting mice against the lethal
effects of NaAsOl under these conditions.

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAsOl, Neither &pen nor ~-Ac-DL-Pen changes

the LDW of NaAsOz significantly at the 95% level of significance (Table 10).
Other agents (data not shown) that were also found to be ineffective in this
respect are the sodium salt of diethyldithioca rbanate, a-mercaptopropionyl-
g]ycine, m.- N-acet ylhomocysteinet hiolactone, and monomercaptosucci nic
acid.

TABLE 10. NEITHER D-PEN ICILLAMINE NOR N-ACETYL-DL-
PENICILLAMINE INCREASED THE LD= OF SODIUM ARSENITE (20)

ISOSK 0-Pen* N-Ac-DL-pen”

!SaAs~ Dead Dead Dead
(mmols ‘kg,s.c.) SZd S=d s=

0.10 0/12 0,8 0:8
0.12 2,12 58 I fg

0.13 7/12 7,8 5:6
0.14 12;12 88 4,8
0.16 12/12 88 8;8
0.20 — 8)8 88

L% (mmol kg) 0.127 0.119 0.133
95% Confidence (o.080- (0078- (o.054-

mlcnal 0.131) 0.19[) 0.142)

‘o-pen or N-Ac-DL-pcn (0.80 mmols kg] was gwcn, i.p.. imnscdmtcIy followlng and a[ 90 mm
afier the metal bmdmg agent.

DMP.S md DMSA Have Ami - L.e~vkileActivity

The name British Anti-Lewisi[e is ingrained very firmly in the mind of most

biomedical investigators and physicians, One of the reasons for this is that
mos[ 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-lewisile

activity. Thus, we have tested DM PS and DMSA for their activity it,
projecting against the lethal effects of Iewisite. The experiments were begun
last March In collaboration with Drs. Brennie Hackley, Millard Mershon and

Mr. Floyd Brinkley at the BioMcd Laboratory at Aberdeen.
Lewisite is an arsenic containing CW agms. It is an oily liquid at 2(Y’.lt

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 consideredtobea moderately
delayed casualtyagent. Its chemical formula is shown in Figure 2.

Since the introduction of British Anti-Lewisite at the beginning of World

War 1], al] 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 An(i-Lewisite.

In the present experiments, the rabbit is anesthetized and then shaved.
Using a microliter syringe, lewisite(29.7 jmsols,’ kg) is injected S.C.The volume
of lewisite injected usually amounted to between 7 and 11PI, depending on the
weight of the animal. Table 11shows that either DMSA or DM PS will protect
rabbits against the lethal effects of lewisite. Using Iewisite alone, none of the 6
animals sutwived. If the animals received 75 pmols DMSA/ kg at the times
indicated, all of the animals survived. DMSA protects against the lethal
systemic eflects of lewisite. In the second experiment, only I of 6 animals
receiving kwisk susvived; 6 survived when receiving the 75 pmols

- ‘.DMPS/ kg regimen; and 50% of those receiving BAL survived. We do not——
wish to imply that the effectiveness of these agents against lewisite is in the
order of DMSA > DMPS > BAL, More data are needed before relative
effectiveness can be stated.

r2-cx.momtEwu- M90NYJa mm

FIG 2. Chemical [onnuia for kwislte

* TABLE I 1. DMSA OR DMPS WILL PROTECT RABBITS

AGAINST LETHAL EFFECTS OF LEW’ISITE

7day sutwival
Expt. pmolikg” su twval s[an %

I LEW+ — 06 0
LEW + 7S DMSA 66 l(l)

II LEW + — 16 17

LEW + 75 DMPS 46 66
LEW + 75 BAL 3; 6 so

●AN agents were given S.C.excqtt BA~ M was #WrI Lm. The a@Icd amount ddimcrcapto
-—- compounds were tivcn al +1’, +90’, +180’. +36Waftcr kwisileard km. and ti,m orI dav 2 and 3.

t~.7 prnok lc%sitc{kg
Hackky, M. McrTborI ●od

TfKSC cxpcn&nts wert performed in collabo~tioa wit~ Drs. B.
Mr. F. Bsinkky.

.,,
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The data, however, clearly show that DMSA or DMPS will protect rabbits
against the lethal effects of lewisite. In this respect the compounds can be said
to have Anti-Lewisite activity.

Treatment o-f Cadmium Toxici!y

Cadmium is virtually ubiquitous. It is deposited and accumulates in most

body tissues. It is found in all environmental compartments (air, soil, food and
water). The study of cadmium biology has been stimulated by the debilitating
osteoporosis of 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 incidence of both acute and chronic cases of
clinically identifiable cadmiosis (31). !n the U.S., although the cadmium
content of the human fetus is about 1 pg, the body burden increases
approximately 30,000-fold (to about 30 mg) by age 50 yearn (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
yearn. Thus a number of research groups have been involved recently in a
search for an agent to treat cadmium intoxication (18, 30, 4 I).

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 (Jable.s 12, 13 and 14). Multiple Iigand therapy, however,
involving CdC~, DMPS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohnc (4 I ) and to some extent those of
Jones ef al. (18).

in Table 14 are summarized the results with penicillamine and its analogs.

Under the conditions of these experiments neither penicillaminc 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.

Clinical Effectiveness in Man

ObviousIy the results of experiments summarized here and elsewhere
warrant the continued investigation of these metal binding agents and their
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TABLE 12. DMPS PROTECTS MICE AGAINST LETHAL ACTION
OF CADMIUM CHLORIDE BUT MULTIPLE LIGAXD THERAPY

ISINEFFECTIVE

CdC12 Chelator(s)
(mmol;kg) (mmol kg) Cumulative28day sumi.al %

Group (i.p.) (i.m.)
No. surwving,No.wartcd

I 0.06 + (saline) 1356 23
11 0.06 + 1,0 DMPS 19 20 95
Ill 0.06 + 0.4DMPS 12,20 60
Iv 0.06 + 0.2 DMPS 6,30 20
v 0.06 + 0.50 CJN+EDTA [2, 18 67

VI 0.06 + 0.10 CaN~EDTA 8 20 40
VII 0.06 + 0.05 CaN~EDTA 4 18 22
VIII 0.06 + l.ODMPS&

0,50CaN~EDTA 10,10 I(m
lx 0.06 + 0.40DMPS &

0.10 GNqEDTA 2/12 17
x 0.06 + 0.20 DMPS &

0.10 CaNqEDTA 3/12 25
...

—. xl 0.06 : ‘0.20 DMPS &+
0.05 CaNqEDTA 3i10 30

X11 (sahc) + 1.00 DMPS 9,10 w

●The i.m.injections west given 60 min after the i.p. injation of Cd
fTIu OSK●nimal that did SSOIsurvive in this group died on Day 2 I Dca[h appcmcd to be the

scaufl of fighting.
$Whco saline was given Lp instead of CdC$ ●nd any O( the following were given ,.m.

(mmol,’kg) ttsc suMvd was 100% DM PS (0.BO) or (0.20): CaN%EDTA (0.M) Or (0.~): DMPS
(1.0) & CaN~EDTA (0.5~ DMPS (0.20) & CaNa2EDTA (0.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SUR\’lVAL OF MICE
RECEIVING CADMILM CHLORIDE (0.06 mmol kg] I P

Thnc ahcr CdC$ that Cumulmivc 28day survival

* DMPS (1.0 mmol kg)” No. surviving No starred

Group was grvcn orally %
(nun)

I –?. –. I }6 6
II +10. + w. 10 16 62

Ill +10.+ w. 13 15 al
Iv —, + 90. 10 16 62

The following groups arc
controls and rcccivcd

saline in place of CdC$
v +10, —. 14/ 16 88

V1 +10. + 90, 16,’16 100
VII ,—, +90. 16, 16 100

‘The kmst d DMPS givm ● each time.
. . ~lf DMPS was BOI admioistcrml. saline wx giwn in its piaa.

, <.,..,... .,,

I



TABI. F 14 NFITHER PFNIC’11 I AMINF NOR ltS AN AIOGS PROTECT MICE FROM
lHE I. EIHA[. EFFECTS OF CADMIUM

CdC12 I hlolcrrmpcrund Min after CdC$ Cumulative
Group (i. p.) (oral) that thtol cmpd, 28-day survival %

(mmol/kg) (mmol/ kg)=

I 006 + (salirsc) — 2/32 6
II 0.06 + 1,0 N- Ac-Pcn +10:; z. + 180 I/u 13
Ill 0.06 + 1.0N-At-Pen +ll). +-, +— 0/K o
Iv (sallnc) + 1.0 N-At-Pen +10, +90. + 180 81R 100
v 0.06 •l- 1.0 O-Pen +10. +90. + 180 15/16 94

VI 0.06 + 1,0 D-Pen +lo.+—,+— o/n 0
Vll 0.0(s + I.0 D-Pen +io, +90, +— 1/8 12

Vlll (saline) + 1.0 rs-Pen +lo, +—, +— 8/u 100
lx (saline) + 1.0 D-Pen +lo. +9cs. +— 718 X8
x (saline) + 1.0 D-pen +10. + 90. + 180 7/u WI

xl 0.06 + 1.5 N-Ac-!hmlisoleuc +10.+90. + 180 O/u o
X11 0.06 + 1.0N-Ac-!hicrlisolcuc +10, +90. + 180 3/ 16 19

X111 (saline) + 1,S N-Ac-Ihiolisolcuc +10. + 90. + 180 6/8 75
Xlv 0.06 + 1.0 N-Ac-thiollsolcuc +lo. +—. +— 6/8 7s
xv (saline) + 1.() 13-thirriisoleuc +1(-), i--. +— 3/n Ml

Xvl (saline) + 1,0 13-thirsiisolcuc +lo. +—. +— 9/9 100

*Amoursl given at each stipulated lime.
tThcse rcsuhs arc !hc sum O( 4 xcparatc cxpcrimcn!s
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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 rng DMSA every 6 hr
p.o. for 3 days caused an increase in the urinary excretion of arsenic with r
eventual recovery. DM PS has also been effective in human arsenic poisoning
(Wager, personal communication). Fnedheim er uf, (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 Itaqi mercury disaster has been

,. TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE
; :S INFORMATION ABOUT AND PHARMACOLOGICAL Properties

... i,:,, :m ,“, ),, ..! . ., ! OF DMPS AND DbISA , <.- ._—_

.3-Dimcrcaptopropanel+ulfonaIc, &Z3dirncrea~osuainic mid

N* salt (DM PS. unilhioL dimaval) (DMSA. Such@

1.

2.

3.

4.

5.*

6.

7.

8.
9.

Synthcsird in 1950-51 at the Ukranian
Rcs. last. for Hcalth<hemistry by
Pctrunkin. Pubfishcd in 1956 (4).

CIYSMJtiac powder.readily solubk in
water. Very stabk during sterilization

●nd Iong-lcrm storage.

Low toxicity. well tokratcd even for
chronic USC,bul DMSA is Icss toxis(20).
h4apr toxic effect of high dose is
trypotcnsioo (6. 8).

Distributed in cxtraallular spaa,
exctusivcfy ( 14). Excretion is urinary and
rapid (14). Mctabohc involvement
supposedly nom.

Effective antidote for As, Hg Sb, A&
Au. CrJ, Cr, Pb, Po. Co, (6, 7, 16, 20.
4549)

Urinary excretion of Cu and Zn Irrcrcasc
Fe, Co. Mn or Ni excretion. none or

minimal (55).
Increase bile flow.
Thcmpmtic dose about 250 m~ for

1.

L

3.

4.

5.

6.

7.

8.
9.

Fricdhcirm 1954. ISHI SbDMSA to
increaseSb uptakeinschistoaomiasis
tkscrapy(5).(lrrmuivclystudiedby
nrairrtand Chi=, 1959, for therapy 0(

omspatiortaf rrrctat poisoning ( I l).
Primary Soviet investigator since 1%5

has been Okooishnikova (50L

Crystaffinc powder. Must be brought to
pH 5-5.5 bcfon compktcly soluble in
water. Stability during sterilization and
long term storage unknown

Toxicity is about 2.5 times km than
DMPS (29).
Major toxic cfki of high dm unknown
●t ~.
Distribution m body compartrrscrrts
unknown a! present.

EITcctiw antidote for As. Ph. Hg, Zn( 16.
20, 50-54)

Urinary CXUCIWO of Co. Fe. Mn, Cu. or
Zm none or minimal (43).

Effccs on bii tlow unknown.
Tfrcmpcwtic dose 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 Wes[ 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 i5. Obviously, these two water soluble analogs
of BAL that are advantageous as to overall effectiveness and low toxicity can
be expected to repfacc virtually all the therapeutic uses of British Anti-
Lewisite.

SUMMARY

Water soluble analogs of British Anti-Lewisite that are auive orally and less

toxic than BAL are now available. These agents are 2,3dimerapto-l -

propanesulfonic atid and mesodimereaptosueeinic add. Evidence for their
effectiveness in preventing the lethal cffeets of sodium arsenite in mice and
lewisite in rabbits is presented. These analogs can be expected to replam BAL
in the treatment of heavy metal poisoning.
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ANI’I-LEXISITEACI’WI’I’YAMD STABILITYOF MESO-D~INIC
FWXD m 2,3-DIMEKWIWl-PROPNWSULXNIC ACID

H.V. Ap#_cian,M. M. *rslmn*, F. B. Brinkley*,Chin-An Hsu,
and B. E. FLackley*

Deprtmnt of @llular and Develqmental Biology,Universiq
Ofkizcma, ~cson, AZ 85721; arid WiMIFUCl), Mb, Ml 21010

(Received in final form August 9, 1982)

kk.w—dmercaptosucminicacid (txW and the scxiim salt of
2,3- dimrm@- l-prcpanesulfonicacid (DMPS) axe analcgcus in
cheni=l structure tm d.imrczqnml (W, BritishAnti-Lewisite).
Dimrcaprol was anrmg the first therapeuticallyuseful mtal
chelatingagents and was develqxxlorigha.1.lyas an
anti-ltisite agent. Either - or = protects r*its fmn
* lethal systic action of dichloro (2-chloruvtiyl) arsine
(29. 7mk./%, al= ~ as l~site. ~ ~09s = acti~
in this respect * given either sc or po. The stability of
eachofthe th=edin=q?to mTpom3s in distilledH O, PH 7.0
at 24”, has M ~ed for seven days. IYEiAre& 82% of
its rrermptogroups,but m titratablemrcapto groups remind
in the W or BAL soluticm. At pH 5.0, l’mwever, there ws rm
striking differencein the stabilityof the three dirrercapto
= (78-87%)over a seven day period. LY.W!ard IMPS

furtherinvestigationas water solublen@cal binding
agents in bth in vivo and in vitro eqxzimnts.

British Anti-Lewisite(PAL,dimrqxol) was devekped in the 1940’sas
an antidxe to dichlow (2-chloruvinyl)-arsine, ccrmmly called ltwisite
(1,2). ‘IYkeletld action of l~site is klieved to te the result of its
curbiningwith me or nmre sulfhydrylgroups and thus inactivating essential
.sulfhydryl-aal- enzym= (3). It is the arsmic in the kwisite molecule
that reactswith sulfhydrylnmieties.

At the tine of its introductioninti clinicalrred.icine,BAL was
consideredby many to be the long sought, universalamticbtefor Jxmy mtal
poiq. In Subsequmt y-s, bwever, less toxic and KOre specificmtal
binding agents have ken scwght and *stigat=l. Skme have Et the criteria
and stmlanis necessary for clinical use. others have m. ~r exan@e, BAL
glucmside was introduced (4) as a result of a Sch for water mluble and
less toxic anal~s of BAL. Al-h it was found w be less toxic than M
for iv use, (probably kcduse of its lcM lipid volubility) , it d-idnot ~
establiskd as a clinical agent because it is unstable chemically. Other
cmpunds, which are less analogms in chsrnical structure, have ~laced BAL
for m of its nme Sp3cific therapeutic uses. ~r eximple, _cillamine

— isusedtm ndilizearxlinxease the excretia-1 of Cqpr in ptimts with
Wikm’s Di~
anti- (6,7).
the treatm?rltof

(5). Its ?i-aql Mivative is effectiveas a mrcury
BALhas~ , ~, tk drug of ckice in tlw U.S. for
arsenic~is.mirq.

002k-3205/82/192149-08$03.00/O
Copyright (c) 1982 Pergamon Press Ltd.
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lugh the Copyright
Iearmce CQfi/er
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(=) (8) d the scdiun salt of
2,3+imaxnptc-1-p&sulfmic acid (~) (9) are pmnising replacmmts
for BAL. ‘meSecqxnlnd sareveqsilnilar irlchmical stnlctwtxlwaxd
are scmtims referredm as water solubleand/or orally-ffective analcqsof
BAL. Tb our kmxledge, hcwever,the anti-lwisite activity of these WO
iqmmant chmical analcgshas not been determined. Neither are any @lished
data availablecOnem@ the stabilityof aqueous solutionsof #es2
d.hmapto cxqmnds . Evidencefor the anti-l-site activity and stability
of WPS and E14SAare presentedin this paper.

Fkiterialsand FWAods.—

Wle W Zealandwhite stock rakbitsweighing 2.5-3.5 kg wre purchased
fran tnxchlandIakoratoriesInc., ll?.nver,PA aridDavidson Mill Farm,
Jcmesburg,NJ and caged individually. FCXXI(wins -it CkKW Brand 5322)
and water wxe available ad libitum ex~t in the case of &se animals who
received ther~ orally. ‘W~-iving *W PO were fasted frcrn 16 hrs
prior to the first administration to 1 hr after the last adni.rd.straticm on day
one . ~ days X and three, animals were fasted fran 1 hr prior to the
nurrd.nq administration to 1 hr af = the evening adnin.istratia, apprmc.irrately
7 t-xxl.rs.

t+ilwm dithiol therapy was givm SC, the animals were msthetized fifteen
minutes before lewisite administration by .a&ninisterimg irn 0.50 ml of
anestktic soluticm w kg. W animals were anesthetized to redum the pain
~ to be caused by lewisite. Subsequently, it was CkEemed that neither
pain nor disaxnfort was z$pmmt. lhs, amsttesia was not u< in *
eqx=rimnts when dithiols were given PO. ‘I& anesthetic eolution was prepared
bytiing5~IWamine IKl (100 nq/ml) and 1 - of Xylazine (100 trqhn.1).

A 5 ml. Gilson P@@an was u.ssd to give the dithiols by rrmth. W
rtiit was placed in a short restraining box. ‘I’hebox wasplacedaitserxl
sothatthe rtiitmsin avertical p-aition with its~at the ~. The
Pipetman was filled with the desired voltxw of the drug solutia. TIE plastic
tip was gently inserted betwen the lips at ore corner of the rmmth and &
liquid delivered slcwly into the back of the rakbit’s rrcuth. ‘l’his nEthcd did
not ~ to cause any trauma or injury. It was easier and fa.s@r to ~form
than the use of polyethyk!le stcxmch tubes.

NaiMPS was a gift of Neyl and G. , Berlin. Since each nmlecule has a
nmlecule of H20 associated with it, a nnlecular weight of 228.2 was USEX5in
calculations. IY4SAwas a gift of Johnson and Johnson, SkiHmanr N.J. Eoth
cmpxnds ‘wre pharmaceutical gra& purity. IMPS and LNSA were titrated with
icdine in order to neasure purity and mrcapto axkent. By this criterion,
each pre~ation was judgsd to be greater than 99% pure. The capumis when
given by mth ~ dissolved in water. IIIorder to dissolve ~, the
aqumus suspension was adjusted to pH 5.5 with NaCM. When given SC, the
solutions wsre prepared the same way exOept that the ccrpunds were dissolvd
in 0.9% Nacl-5% NaHco .

?
Unless otherwise stated, the concentrations of EWS

or IMSA we such tha W rakkit received 1.0 ml of mlutlon per kg of bdy
weight, per administration. Dimxcaprol Injection, USP (W in 011 ?wpules)
was a gift of Hynson, Wescott & Ounning, Ealt.ilrOre, PO.

Lewisite was 97-99.6% p.me as judqed by NMR-spectroscopy as well as by
iti ti trat ion. Analysis by the fern-er mtl-d also indicati that the forms
of l%site that *re present were trans (97. 7%) , cis (1. 7%) and climrs
(0.5%). Wsite is a hazardcusmaterialwith which to work since it is a

@erk vesicant. All handling of l+site kas drme in an extretmly well

-----
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TABLE I

‘l’he Anti-kisite ktivity of &so-Dinercqtcmccinic Acid and
2,3,-Dinercapto-l-Propanesulfonatewhen giv~ sc to rabbits

Group wls/kg sumive/sWa % survival

1 LmP + -----–- 1/18 6
2 + 75.0 12USAc 12/12 100
3 LE%4 + 37.5 WSA 6/6 100
4 I.W + 20.0 CWiA 6/6 100
5 LEW + 10.0 DISA 1/6 17

----- ----- ----- ----- ----- ----- --

6 w + 75.0 WSc 10/12 83
7 LW + 37.5 D@S 5/6 83

----- ----- ----- ----- ----- ----- --

8 LEli + 75.0 144Lc 8/12 67
9 w + 37.5BAL 3/6 50

a In tk tables of this paper, * data representthe
cabinedresultsof a nut= of separate experiments. ~s
was &me to save space. ‘l%e ra=son for the nurber of animls

in - groups differing frm the nun&r in other grcwps of
thesane bbleisthat veryoft.en thecmbinedd ataa rethe
result of fran 2-3 se~ate eqe.rimnts. Otherwise, the
~inents k.ere~formed umier identical conditions. The

survival recmded m this table is that for 7 days after
lwisite administraticm.

b kwisite (29.7unmls/kg)was givw sc at tire zero.

c All agents given sc except W, whid was given irn.
Dimercaptocmpunds given at +1 rein,+90 rein,+180 rein,
+360 min after lmisite and at 8 a.m. and 4 p.m. on day 2
and 3. Administrationof these arrountsof dimercapti
~ at the times cited abve did not cause any
fatalitiesin omtrol animalsthat did not receive lwisi=
(dataMt sb.a-1).

d Patiwise mx’rparisons: p < 0.0001 for 1 vs 2; p = 0.0001
forlvs3and lvs4; p~0.001 forlvs6ardlvs7; p=
0.001 for 1 vs 8 and 0.01 for 1 vs 9.

vented ChelnicalexhaustM . Safetyglassesandthick neoprene gloves were

worn.

— ‘he stability of IY4PS, WY+ or W was determind uS- iodcrmtric
titraticm. ‘lb 2.50 ml of a 0.10 M dimermpto soluticm,10 drops of starch
irrlicatorsolution were adckd. ‘l%e solution was titrati using 0.025 N iodine
soluticm until the blue color appearM and wisted for at last 10 s.
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R2sults

Anti-Hsite Activity

‘he data of Table 1 clearly shcw that koth IX4SAand D4PS have
anti-lewisite activity when given sutcutanecusly. As little as 20urmls/Ct&i/kg
adni.nisteredsc, according to the stated regimn, protects against the lethal
actions of lewisite. Thus, l14SAand ClfPSare analogous to M not only in
chenical structure but also with respect b anti-lwisite activity. In
acklition,I14SAand ~ have anti-ltisite activity when given orally (Table
2).

TABLE II

!.kso-Dirrercaptosuccin.ickid or 2,3-Dinmr~ l-Pr_sulfor@te
is effective,when given by muth, in protectingrabbits

againstthe lethaleffectsof Lewisite

Grcup mls/kg surxive/sb3rt % sumival

1 ~ + ------- 0/12 0
2W + 400 + 5/6 83
3LW + 200

Lw
3

4/6 67
4 + 400 6/6 100
SLEW + 200 4/6 67

---- ---- ---- ---- ---- ---- ---- ---- -

6LlW+ ---—-- 1/6 17
7 w + MAc 4/6 67
8i.54+CMPSc 1/6 17

a IarLsite (29.7unmls/kg)was given sc at * zero.

b.
Dunx~to ccmpunds given P at -45, -2, +90 and +300 min.

after l-isite and 8 a.m. and 4 p.m. on day 2 ad 3. No
fatalitiescccurred in control antils that receivsdthese ancunt
of dimrcapto cuqxxnd, p, (butno lewisite)at the t-h= cited
almve. ~ival was follwxl and recordd for 7 days after
lewisiteadministration.

c Dim?rcaptoccqxurds given p as follws: 400unKJsof
dimrcaptc cuqxmnd /kg at 5 min &fore lewisite,and 200unds/kg
at each of the follcwingtimes after hswisite:1 hr., 2.5 hrs.
ard 5 hrs. on the first day plus 8 a.m. and 4 p.m. on day 2 arid
3.

d
For pair-wise cmprison: 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

Mclitionalstudieslmvedemmstratedthata singlepoadrrd.nistrationof
- (400wmleslkg)15W priorto lwisite was tiffective since only 1 of
6 anintdssurvivedfor 7 days. In the experimentsof Table 1 and 2, crestof
the rabbitsthat received lewisiteand no ciimmapto therapydied within 12
h.rs. If antils died after receivingltisite plus dimercaptotherapy,they
usuallydied between the first and fifthday of the experimnt.
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Stiility Studies

The stabilitiesof EY4SA,D4PSandl?ALin O.lOMsolutionsatpH 5.Oand 7.0
were exanind (Fig 1). ‘Ihenxxcaptogroupsof these onpxnds, inaqueax
solutionsat pH 5.0, are stable (Fig1). We.n afer 7 daYs at ~
~rature, frun 78 @ 87% of the nwxapto groups remaintitratable. At pH
7.0, hmae.r, the qreater satiabilityof IX4SAis evidertwith 82% of thenw+aptogrcips rti aftir 7 &ys.

r

‘1--=%=

FIG. 1

Stiility of Et&A, ~ and BALatpH 5.0 or 7.0.
solutions of each ~w=e P-, a@usti to @ 5.0 or 7.0
andto a final cmcentration of O.10mml/ti. Soluticns were
prepared using dtxbl~stillal H O and maintained at 24°.
Aliguots were mmved at i.mlica & ttis and the rrercapto cnnat
deteminel. Each value slxxm is the average of txu separate
titrations.

Bythist.i-m2 ardunder theSeonditim mmeofthe~ gr7X@ of
IllW or E?ALrwati. Other studies (data not s.hewn) i.rdicated that Z$EiA, in
a .wlution of 5% Nal-133 * eitlwr frozen for 4 days or frozen and ~
each day for 4 days rehined 82% of its origimalmrcapto groups. If simik
solutionswere held at 4° or 24° for 4 days, tMSA retained76% ard 69% of its
rercaptagroups, re~ively. Altb.qb solutions of IMPS in 5% NalKD were

stile (92-95% of original) wkm either frozen, or frozen and ~ &h day
for 7 days, after three days at rmn &spsra@._ue no titratile ~ ~
were wickt.

—

Dkcms.sion

Fh@rsive clinical experience with Il@i and LIMPS as anti- ad
P@Y_cs for merwry, lead, arsenicand O* I-r3Wym?t.ds has been

,,.
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repxtdin swietandminland Uui-nese literature (10,11,12,13). Xnthe
Scwiet Lkkm, l14PS has been for many years an official drug called Unithiol.
I@cerkly, there has been a great deal of interest in both of these water
soluble chenical analogs of d.imr~rol in the M= States and abroad
(14,15,16,17,18). This has resulted in the mnfirmaticm and etension
(19,20,21,22) of earlier regorts dealing with both the ksic and clinical
tivestigatirns of DISA ti IMPS.

Alttxmgh dimrmprol is a narte relatively easily identified in the field
of therapeutics, the cmrpmxl is * rmst cmrrmly in other areas as British
Anti-I.ewisite. It ssemd reasonable to _ that a true am.log agcm.ist
might al= have Anti-Lewisite Activity.

‘l’he present experimmts clearly skmw that either l14SA or IXPS will
protect rabbitsagainst the lethal systemic effectsof subcutaneously
administeredkwisite (Table1 and 2). Th2refore,MEA and WPS can ke
consideredto be mt cnly analogxs in chstnicalstructurebut also in
anti-lewisiteactivity. In addition,= and KXIPSare effectivewhen given
by nmuth; a rcute rmt remmmdd for BAL administration.

W dxe schedule for adni.nisteringD4SA and tY4PSwas based on a three day
regimn remnmded in & literature for W use of tkse mbl bimclimg
agents. Sub~t studies (@ahian, ungxblished) have dermn.strated that as
little as one b of 40 wls/kg of either drug given im ore minute after
l-site will result in the survivalof 4 out of 6 rabbits. In additionwhen
lXISAtkrapy is delayed until 90 min after lsuisite, 6 of 6 rabbits, survived.
TIE pupae of these studies was to determine whether 114SAor D4PSkkave
anti- lewisite activity. No attsmpt kkas been made to quantitate their relative
effiaicy against l-site.

Not only are these analogs crystalline and readily kater soluble, they
are less toxic than w. ‘lTie results of a nunbe.r of different investigaticms
in rmdents have led to * ccnwlusion that the amrbe toxicity of D4SA is less
than that of l14PS which is - less * that of ML (19.23.24.25).

‘he stiility studies (Fig 1) ~ initiatedfor two reasons. Many
investigatorsbeli- that D4SA and CNPS are unstable-use of their
dimrcapto structure. since solutionsof these cqxxuds were being used
thrcqkut the day, for exanple see Table 1 and 2, it has been considered
necessaryby a nunixx of investigators (17,20) to prepare solutions
inrnzdiately&fore use. The stabilityof solutionsof these dimrcapto

~ is scmwhat surprisingsince mrcapto cmpmnds are USUallY thought
to be readilyoxidized.

In addition to many older reports in the Soviet and Chinese literature
(10,12,26) dealing with DIPS and tltSA in humn therapy, such use has been
strenqtknd by recent pipers ccm~ data fran clinical investigations.
For e.xanple, lliSAhas been used recently in the trealm?.ntof a 46 yr. old mm
who ingestsd 2000 w of arsenic in a suicide at-t (27). Treadnent with 300
nyoftlSA every 6hrspfor3 dayscaused anincrease in the urinary
excretion of arsenic and eventual recovery. lXW3Aincreased the excretion of
lead in the urine of srrelterworkers and was effective in treating the signs
@ synptms of lad pisoning (28). The d.imrcapto ccnpmmd was well
tolerated and no signs of toxicity were evident. The usefulness of llfPSand
other Etal biding agents in the treatrmnt of mercury intoxication resulting
fran the Iraqi rercury disaster hs ken dccumntsd recently (18). Ml%, as
DIMAVAL, is mxv an a~roved drug in West C&mmy for the treatm?.ntof rercury
piscm. ‘Ihese~ water soluble analcqs of ML, analogcus in activity as well
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as chemicalstructure,activewhen givem by mxrth and of lW toxicity,warrant
continuedinvestigationas~ssiblereplacementsforW.
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~ERRIC SUBS ULFATE SOLUTION

B.

c.

D.

E.
—_

F.

G.

Chemical Name:

Common Name:

Monsel’s Solutio~ Basic Solutio~ Iron Hydroxide Sulfate

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

(Spcijkation) @e.suh’)
Assay 20-22’% 21.2%

Information about how the ingredient is supplied:

Reddish-Brown liquid, almost odorless, sour, strongly astringent taste, tiected by light.

Information about recognition of the substance in foreign
pharmacopoeias:

NFXI

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

Spitzer, M. and Chernys, A.E. Monsel’s solution-induced artifact in the uterine cervix. Am
J Obstet G~col, 1996; 175(5): 1204-1207.

Su, G. B. Clinical experience on efficacy of Monsel’s solution. Chung Hua Wai Ko Tw
Chih, 1981: 19(1 1): 685-686.

Man% D. P. Therapeutic use. Human/ Wound Healing. Can Fam Physician, 1997; 43:
1359,

—
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H. Information about dosage forms used:—

Solution

I. Information about strength:

20-22mg per 100ml
Undiluted

J. Information about route of administration:

Topically

IL Stability data:

L. Formulations:

Oxidting ferrous sulfate with nitric acid
See file for compounding directions

__—_

M. Miscellaneous Information:

_—&

Page -2-
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XJCT: FERRIC SUBSULFATE
R&LEASE #: 104273

1. DESCRIPTION

2. Identificatj on

3.
17

Assay (Fe) [gm/100 ml]

CERTIFICATE-OF ANALYSIS;
- - - - - -- - ------ - ---- - -- -

4.

5.

6.

—

Ni i%a te

Ferrous salts

Volubility

ATTENTION: TONY HATCHETT

Date :11/13/97

10907

Our Order # 239573-1

-.

SOLUTION (PURIFIEDj ; GRADE : --
LOT # :B6~908M10 CODE:G09-21250/97

1;SPECIFICATIONS , RESULT
------ ------ -- 1

----- -
I

REDDISH-BROWN

To pass test

20 - 22%

LIQUID ~ CONFORMS
1

!
Passes test

I
t

21.2%

J-:——————
_—J----

—
Negative I

,
I Negative

Negative Negative

I ,
To pass test ! Passes test

(
I

Prepared by

I

I

I

1
I

w“’

.. A. KASHW

Approved b

Your PO # 54504 ~; v

..--.1----
1.
I

~“
1

f I

THEABOVETESTRESU~S HAVEBEENOBTAINED BYOURMANUFACTURE~UPP~ERAND/ORIN OURQUA~CO~OLLABORATORY.
— ~DATAlSPROVlDEDAT~EREQUESTOFANDFORTHECONVENlENCEOFTHECUSTOMERANDDOESNOTRELlEVETHECUSTOMER

ITS RESPONSIBILITYTO VERIW~. THIS ANALYSIS ISNOTTOBECONSTRUED AS AWARRAN~,~PRESSED ORIMPLIED.
1 [

I



QUALITY CONTROL REPORT

A \/- RLf ?
cHEMICAL NAC4E. :~ERRIC ‘SUBSULFAT

9(
(MONSEL’S SOLN)

)

WU4UFACTURE LQT NO. :C63940C26

PHYSICAL TEST

“usp /Bp /MERCK_/NF_/WT._/CO. SPECS._.SPECIFICATION TBST STANDARD. . ——

l)DESCRIPTION .:

((

z 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 TEMPEFUITURES. -k

ANALYST SIGNATURE.: DATE, :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE .: INITIAL. :

... ..

.—



MAI.LINCKRODT BAKER -- FERRIC SUBSUI,FATE SOL(JT Page 1 of 1

— MALLINCKRODT BAKER -- FERRIC SUBSULFATE SOLUTION - FERRIC SUBSULFATE SOLUTION
MATERIAL SAFETY DATA SHEET
NSN: 6505012078245
Manufacturer’s CAGE: 70829
Part No. Indicator: A
Part Number/Trade Name: FERRIC SUBSULFATE SOLUTION
==== ==== ==== ==== ==== ==== ==.= ==.. ==.= .=== ..== =... =... ==.= ==.. .=.= ===. ==== .=.

General Information
-------------.---------——---—---- ==-—-—----=—----— =..====== .=-————- ==—____=

Item Name: FERRIC SUBSULFATE SOLUTION
Company’s Name: MALLINCKRODT BAKER INC.
Company’s Street: 222 RED SCHOOL LANE
Company’s City: PHILLIPSBURG
Company’s State: NJ
Company’s Country: US
Company’s Zip Code: 08865–2219
Company’s Emerg Ph #: 908-859-2151/800-424-9300 (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: ET
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:

.-=



UNITED STATES OF AMERICA. ., 233 ‘-

;Olution of Ferric Sulphate, one hwzdred and eZ@Y
granmw. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 Gm. ,

~monia Water, one hundred and &y & c~t~-s lb Cc. ‘

vater, each, a w@ci.mt quanfity,

To make one thousandgrammes. . . . 1000 Gm. ‘

bx the Ammonia Water withjve hundred (500) ezdn%centimeters of
IWater, and the Solution of Ferric Snlphate with fiJleen hutired
~) @iG c&~_8 of cold Wat&r. Add the latjtermlution slowly
bediIutedAmmonia Water, with conetint stirring. Let the m-
~standuntil,theprecipitate has subsided as far as practicable, and

i decant the supernatant liquid. Add to the precipitate one thou- .
! (1000) cubic wntimetem of cold Water, mix well, and again set the
tnreaside, as before. Repeat the washing with successive portions
old Water, in the same manner, uutil the washings produce but
ight cloudinw with barium chloride tat-solution. Pou’r the
led ferric hydrate” on a wet muslin strainer, and let it drain
~llghly. Then transfer it to a porcelain capsule, add the Nitric

k
and stir with a glass ro~ until a clear solution is obtained.

y, add enough Distilled Water to make the finished product }
~’~ -ti (1OOO)granuwx. Filter, if necv. . . . ,.’”., ..’
~A clear,amber<olored or reddish liquid, odorleaa, having an acid, ~~tic .‘‘,,”, :~,
@e, and an acidreaction.

: LIQUOR FE~RI SUBSULPHATIS. :“f~

SOLUTION OF FERRIC SUBSULPHATE.

?

T,...
HONOF BNIC FERRIC SUZPEATE. “MONSEL7s SOLUTION.~

.’
lneom Solution of Bdsic Ferric Snlphate (of variable chemical

‘ion), corresponding to about 13.6 per cmt. of metallic iron. “

..
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i

Ferrous Sulphate, in cle= crystals, + hutired ati.;l

‘“& r
8eventy-jive granwnea. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (

Sulphuric Acid, sixty-jivegramnw . . . . . . . . . . . . . . . . . . . ....

I
,., Nitric Acid, ~

Distilled Water, each, am- qffanWV, . .-’,...-
To make one thouaan dgrarnmes. . .%?

$4
,. Add the Sulphuric Acid ti jive hundred (500).eubiccen.tin,.

PistilIed Water in a capacious porcelain capsule, heat ~
Y

to nearly 100° C. (212° F.), then add @zty-jive (65) gram~

Acid, and mix well. Divide the Ferrous Snlphate, coarsely
., iinto four equal portio~ and add these portions, one a$

:, the hot tiqui~ stirring ai%ereach addition until effervesce
,.. When all of the Ferrous Snlphate is dissolve% add a fe..-

.< ‘N itric Aci~ an+ if this causesa further evolution of red,;
Y.“,’ time to add Nitric Acid, a few drops at a time, Util .i!~

. . causesred fumes to be evolved; then boil the Solution m~j
:(
‘,, ti ruby-red color and is fkee fkom nitrous odor. Lastly,~~~..:,.. Distilled Water h make the product weigh onethowand (100. .... ,.,-:(.: Keep the product in well-stoppered bottles, in a mode;

‘4:q~: place (not under 22° C. or 71.6° F.), protected horn ligh~
,;.*,,.,,
+,.., This solution will sometime5crystallize, forming a w+-:

When this occ~ the applibtion of a gentle hea~~
tore the liquid condition.
.-Solution of Ferric Subsulphata is to be ~~

~$$, Solution of Pers~phate of Irori has been prescribed by ~
,, .#j

A dark reddish-brown liquid, odorless or nearly so, of,7
et tic taste, andan acid reaction.

~ ti,gl%tity: about 1.55Q at 15° C. (59” F.). :4
Eible with water and alcohol, in all proportions, withou~,
ThedilutedSolutionfieldsabrownish-redpreci itate with “s

a blue one with potassmm ferroc snide T.S.,an
Y

{a white’ti
hydrochloric acid, with barium ch tide T.S. ,],ql

. On slowly mixing 2 volumes of the Solution with 1 volum~
sulDhuric acid, in a beaker, a semi-solid, white mass will separ

j..;,.,:.,..
“f” “

‘ On adding a clear “c &l of ferrous sulphafi “toa cooled’~
~.~,, ~ ‘,, volumes of concentra~sulphuric acid and a diluted portion
‘$’.$$ .- the c stal should not become brown, nor should there be i

w$,’.’%Q+; \ Ip TcoIor eveloped around it (absence of ntiti @). ,J
.,?–:.- -,,,-.:, If to .a small portion of the Solution, dduted with abet:,! . . ,I :#\!.,.:: water, a few dro s of freshly prepared potassium ferricyam.d~s. ,., ;.!.’:,, ,, ..,,t fa purebrown coor shouldbe produced,withouta tingeof~

I{?:?:’“’. If 1.12 (1.1176) Gm. of the Solution be introduced into ~
bottle (havinz a cmacitv of about 100 Cc.). tmzether with 15C

,, -,..: ,.:., .,. ,:.’f’ ‘“ ‘.. .....,.,. . . ,
1.:,.
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with physiological salt solution and slowly adminis-
tered intravenously.

Dosage Forms—Injection USP: 50 mg/5 ml, 250
mg/25 ml; for Injection USP: 50 mg.

Other Anticoagulant Antagonists

Tolonium Chloride ~oluidine Blue; Blutene (Abbott) I
3-amino-7 -(dimethylamino) -2-methylphenazathionium

~hloride [C,JL~CINS1. Description and Volubility: A
dark-green powder. 1 Gm dissolves in about 26 ml of water,

yielding a blue to violet solution, and in about 175 ml of alco-
hol, yielding a bIue solution. Uses: Itprecipitates heparin.
It is used for the treatment of overdosage of heparin and for
the treatment of certain hemorrhagic states, some of which,
but not all, are associated with elevated blood heparinoid
levels. The organs are stained biue and the urine becomes
pale blue-green. Nausea, vomiting, burning sensation upon
urination, and tenesmus may occur, but they may be avoided
by adequate fluid intake. Dose: Oraf, 200 to 300 mg daily
for menorrhagia; intramuscular or slow intravenous, for
heparin overdosage, 100 mg. Veterinary Dose: Oral, Dogs
and Cat-s, 200 to 300 mg daily.

l+emostatics and sfyptics

Many substances not especially related to the clotting
mechanism are capable of promoting clotting. Upon
contact with most surfaces, platelets disintegrate,
thereby liberating a thromboplastin. Spongy and
gauzy materials, which provide a large surface area, are
thus used to arrest bleeding; absorbable sponges may
be left permanently at the site of bleeding. Fibrin,
fibrinogen, and thrombin are also potent hemostatic
(we page 829). Astringents (s= Chapter 43, page 768)
also initiate clotting by precipitating proteins and by
Iabilizing platelets; ferric ads are mostly employed as
styptica.

Alum—see page 769.

Cellulose, Oxidized—see page 1876.

Estrogens, Conjugated–see page 991.

Ferric Chloride—see page 772.

Fibrinogen-see page 83Q.

Fibrinogen with Antihemophilic Factor-see page 830.

Absorbable Gelatin Sponge USP
[Celfoarn (Upjohn) 1

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 1.500 for 4 hours.

Volubility—Insoluble in water, but absorbable in body
fluids; completely digested by asolution of pepsin.

Uses—Absorbable Gelatin Sponge is a hemostatic
and coagulantused to control bleeding. It is moistened
with thrombin solution or sterile normal saline and
may then be left in place following the closure of a
surgical incision. It is absorbed in from 4 to 6 weeks.

Human Antihemophilic Factor-see page 830.

Antihemophilic Human Plasma—see page 830.

Protamine Sulfate---see page 836.

Thrombin—see page 831.

Thromboplastin—see page 1376.

Tolonium Chloridesee this page.

Other Hemostatic and Styptics
Carbazochrome SalicYlate [Adrenosem (ikfassengi[l~;

Adrestst (Organon) ]—An adrenochrome monosemicarba-
zone {3-hydro~-l-methy l-5,6-indolinedione-5 -semicarba-
zone ] sodium salicylate complex [C,oH1oN~O~.C7H@JaO~ ]
occurring as a fine, orange-red, odorless powder with a sweet-
ish saline taste. It is soluble in both alcohol and water. A
1370 aqueous solution baa 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: Oml, 1 to 5 mg 4 times daily;
intmmuscufar, 5 mg every 2 to 4 hours.

Ferric Subsulfate [approx. Fe, O(SO,)s.HZO ]—Used and -
prepared oniy as a solution. Ferric Subsul ution
was oficiaf in NF XI. It is prepared by .~%

te The solution contains 20-22 m

-:%h%:Y%:f!Y:YTfi:J
portant styptic solution. The solution is lees irritating than
ferric sulfate because of the lesser amount of sulfuric acid
present. It is occasionally used to control surface bleeding T
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.Itisin-
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

L

T’he concentration of several of the electrolytes in the in the extracellular fluid (of which plasma is one com-
pkisma is mitical for the proper functioning of the cells, partment) but also upon theintracellularconcentration,
especiallytho~ oftheexcitable tissues.For thenormal the ratioacrossthe cellmembrane beingan essential
P~sma concentrationof the principalelectrolytes,see factor,and upon theratioof one iontype to another.
Page 815. The properbalanceof the severalionsis Thus, the plasma electrolyteconcentrationsprovide
@m Plex;h,dependsnot aloneupon theconcentration onlya crudecluetotheelectrolytestatusofthepatient.
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-4ri_~ ‘hasbeen exposed to daylight form

;U= yields a greenish or blush color %
)o,L_ .m ferricyanide T.S. (presence of.ti
“clTou.88@. - ~4

Nitrate—Dilute 4 d. of Ferric Chloride Tin
.ure with 10 ml. of water, heat the solutionl
>oiling and pour it into a mixture of 10 ti~
m.ter and 10 ml. of ammonia T.S. Fiite.r;t
nixture whiie hot, and wash the filter with!Jwater until the total filtrate meaauree 34h
Mi,xthe filtrate well and to 5 ml. add 2 dro
nciigo carmine T.S. Mix this solution wit
nl. of sulfuric acid: the blue color doee noti
ippear within 1 minute. Jrn

Aasay-Tranefer 5 ml. of Ferric chloride!
:ure, accumtel measured, to a flask of sui@
>apacity. Ad~ about 20 ml. of water, 3 Gm”
>ota.eaium iodide, and 3 ml. of hydrochloric m
kIIOW the solution to stand during 15 minuti
iilute it with 100 ml. of water, and then titr?
.xith 0.1 .V aocfium thioadfate, using stzwch.~
u the indicator. Each ml. of 0.1 N .wdimn t
mlfate is equivalent to 16.22 mg. of FsCL?~~

Alcohol content, page 404—Fwric~o
Ilncture containa from 58 to 64 per m

Packaging and storage—Preserve Ferric (
ride Tincture in tight, Iight-reaiatant contk
md avoid exposure to direct sunlight or to+.“
jive heat. $

C&TRGORY-Astringent; hematinic. i?
USUAL DOSE--4).6ml. +

FerricCitrochlorideTincture

F-::. Citrochlonde Thcture is a hy
‘d\ solution containing, in each lW:
ferm ci~rochionde equivalent to not 1~1
4.4S Gm. of Fe.

Ferric Chlorfde Solution.. . . . . . . . . . 35?
Sodium Citrate... r . . . . . . . . . . . . . . . ~
.Mcohol. . . . ..i . . . . . . . . . . . . . . . . . . .
Water, a sufficient quantity, “?7

To make about . . . . . . . . . . . . . . . Z
“ ..8

Mix the ferric chloride solution with MC
of water, dissolve the sodium citrate ini
mixture with the aid of gentle heat, arid<
the alcohol. When the solution has @
cold, add sufficient water to make the prCM
measure 1000 ml. Set the Ferric Citroddc
Tincture aside in a cold place for a few’:$
So that the excess of saline matter may ‘g
rate. and then fiIter. ,;,.

Assay-Transfer 5 ml. of Ferric CItroch$
Tincture, accurately measured, into an IO
flask,add 7 ml. of hydrochloric acid and 25,1
of water, and heat on a water bath until ~
Cod to room temperature and add about 28
of water and 3 Gm. of potasaium iodide, and d
themixture to stand for 15 minutes. Then ~
the stopper and the sidea of the flask wit!

~floNAL FORMULARY Xl Ferri~l 43

~~tionul 50 MI. of water and titrate the liber-
~ iodine with0:1N sodmm th]osulfate,using
~Ch T.S,.asthemdm~tor. Each ml.of0.1,V
~~ thlosulfoteisequivalentto5.585mg. cf

~‘&.
‘ AfCOholcontent,page 404—FerricCltrochl&%
f rideTincture cOntamS from 13 h 15 per cent of

GH,OH.
~ packaging and storage-Pr~erve Ferric Citro-

~loride Tinctu;e m tvght, bghbresiatant con-

[

~ers a@ avoid exposure h threct sunlight or
~ Cxceewveheat.

cATEGoRY-Hem3tinic.
:, USUAL DOSE-().5 Inl.

One USUOIcioserepresents about 22 mg. of iron
m the form of ferric citrochloride.

~

~ - SOLUBLEFERRIC PHOSPHATE

[

‘. Ferric Phosphate with Sodium Citrate
.;

TSoluble Ferric Phosphate is ferric phosphate
rendered soluble by the presence of sodium
citrate, and yields not less than 12 per cent
and not more than 15 per cent of Fe.

~ : Description--soluble Ferric Phosphate occurs
u thin, bright green, transparent ecales, or as

t uamdes. It ~ without odor, and haa an acid,
)tlv wltv taste. Soluble Ferric Phosphate is

! fi”bie-in dr~ air when protected from light, but

-- “v......-.
SoIubility-soluble Ferric Phosphate dissolves

, jeely in water. It is insoluble in alcohol.
F: ldentificatiori—

! A: To IO ml. of a solution of Soluble Ferric
)aphate (1 in lfM) add ammonia T. S., drop-
: the solution becomes reddish brown, but no

teciDitate forma.

oiling it with an excess of SOdiUrn hydroxid~
‘.S.; tilter~ and strongly acidify the filtrate with
Ydrochlonc acid: a cooled portion of this
@d mixed with an equal vohune of magnesia
Iutim ‘T.S. and treated w-ith a elight exces of
~onia T.S. producee m abundant, white,

(Wtdline precipitate. This recipitate, after
~ yellow when‘btiig washed, turns greenis

hted with a few dropa of silver nitrate T.S.
! (distinction from pyrophosphate).
K‘ Ammonium adts-BoiI about 100 mg. of
[~luble Ferric Phosphate with 5 ml. of sodium
~,!Y~oxide T. S.: a reddish hmwn nrwinit~te

L phte in 3 ~. of nitric acid (1 in 2) in a 100-rnl.
~~olUInetric ffaa~ Add sufficient water to make

1~ ml., and mix weU. A lo-ml. portion of this
~ mktion contains no more than 5 mcg. of lead
~ (w~ponding to not more than 50 parts per

miiion) when treated according to the Led
! !rnit ‘1’est,page 414, using 10 IUI. of ammonium
: *te solution, 3 ml. of potassium cyanide solu-

tion, and 1 nd. of hydroxylamine hydrochloride
solution.

Aeaay-Dissolve about 1 Gm. of Soluble Ferric
Phosphate, accumtely weighed, in 25 ml. of water
and 5 ml. of hydrochloric acid in a glaes-stoppered
flask; add 4 Gm. of potasium iodide, securely
stopper the flask, and allow the mixture to stand
1.5 minutes; dilute with W ml. of water, and
titrate the liberated iodine with 0.1 N sodium
thiosulfate, using starch T.S. as the indicator.
Perform a blank determin~tion 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 thioeulfate is equivalent
to 5.5S5 mg. of Fe.

Packaging and storage—Preserve Soluble
Ferric Phoephate in well-closed, light-resiatont
containem.

CATEGoRY—Hematinic.
LJf5UAL DosE—250 mg.

FERRIC SUBSULFATESOLUTION
llonsel’s Solution; Basic Ferric Sulf~te Solution

Ferric Subsulfate Solution is a water so[u-
tion containing, in each 100 ml., basic ferric
sulfate equivalent to not less than 20 Gm. and
not more than 22 Gm, of Fe,

NOTE: If exposed to low temperatures,
crystallization may take place in the Solution.
The crystals will redissolve upon warming the
SO1ution.

Description-Fenc Subaulfate 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 Ii ht. Ita specific gravity is about 1.548.

fSo ubility-Fernc Subaulfate Solution is mis-
cible with water and with alcohol.

Identi6cation-Separate portions of a dilution
of Ferric Subaulfate Solution (1 in 20) yield >
brownish red precipitate with ammonia T. S., s
blue precipitate with potassium ferrocyanidc
T.S., and a white recipitate, insoluble in hydro-

!chioric acid, with arium chloride T.S.
Nitrate-Add a clear crystal of ferrous sulfate

to a cooled mixture of equal vohunee of sulfuric
acid and a dilution of Ferric Subsulfate Solution
(1 in 10): the crystal does not become brown, nor
does a brownisb black color develop around it.

Ferrous ealts-Add a few drops of freshly pre-
pared potisium ferncyanide T.S. to 2 ml. of ~
dilution of Ferric SubauIfate Solution (1in20):
a brown color is produced and the solution re-
mains free from even a transient green or greenish
blue rolor.

Aaaay-Dilute about 10 ml. of Ferric Subsul-
fnte Solution, accurately mec,aured, to exactlj.
100 ml. with water. Transfer 10 ml. of the dilu-
tion to a stoppered flask; add 5 ml. of hydro-
chloric acid and 3 Gm. of potassium iodide.

——.. ..—
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Stopper the flask, and allow the rnk~ture ta stand
for15 minutes; then dilute,with50ml. of water,
andtitrate theliberated iodlnewith O.1 ,Vsodium
thiosuffate, using starch T.S. M the indicator.
Each ml. of 0.1 Nsodium thiosulfate is equivn-
lent to5.585mg. of Fe.

Packaging and storage-Preserve Ferric Sub-
mdfate Solution in tight, Iighbresistant con-
tainers, and in a moderately warm place (not
under 220).

cATEGORY—Ibtlillgellt.
As .4sTmrlc-Use Ferric Subaulfate Solution

undiluted.

FERROUSCARBONATEPILLS
Chalybeate Pills

Blaud’s Pills
Ferruginous Pills

Each Pill contains not less than 60 mg. of
FeCO,.

Ferrous Sulfate, in clear crystals... . 16 Gm.
Potassium Carbonate . . . . . . . . . . . . . . 9.5 Gm.
Sucrose, finely powdered . . . . . . . . ,.. 4 Gm.
Tragacanth, freely powdered . . . . . . . . 1 Gm.
Althea, inveryfinepowder,........ 1 Gm.
Glycerin,
PurifiedWater,each,a sufficient

quantity,
To make 100 pills.

Triturate the potassium carbonate in a
mortar with a sufEcient quantity (about 5
drops) of glycerin, add the ferrous sulfate and
sucrose, pretiohly triturated together to a
uniform, fine powder, and mix the rnas 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.

Aaaay--Carefully pulverize 5 Ferrous Car-
bonate Pills in a mortar, and triturate with 20
ml. of diluted sulfuric acid until all cmbonate is
dissolved. Transfer completely the contents of
the mortar to a beaker of about SoO-ml. capacity,
and add water to bring the total volume to ap-

proximately 3M) ml. Add orthophemmthroline
$.S., and titrate immediately with 0.1 IV eerie
sulfate, av~idin~ ex~essive stirring. Xear the
end of the tltratlon tilt the beaker at an angle of
45° to facilitate the detection of the end point.
Each ml. of 0.1 N eerie sulfate is equivalent to
11.59 mg. of FeCO~.

Packaging and storage—Preserve Ferrous Car-
bonate Pills in welI-closed containers.

cATEGoRY—Hematinic.
USUAL DOSE—5 pills.

FERROUSIODIDE SYRUP !

Ferrous Iodide Syrup contains, in each’~
ml., not less than 6.5 Gm. and not more ti
7..5 Gm. of FeI,, representing approxirnatd
per cent of FeI~, by weight.

.,!

Ferrous Iodide Syrup may be prepar~
follows: J*.,

<m
Iron, in the form of fine, bright wire, 20’8
Iodine . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 G
Hypophosphorous Acid. . . . . . . . . . . . 5rn
Sucrose . . . . . . . . . . . . . . . . . . . . . . . . . . 650 G
Purified Water, a sufficient quantit y, :(

To make . . . . . . . . . . . . . . . . . . . . . -

L?iOTE: For the purpose of retarding $
coloration, 1.3 Gm. of citric acid may repli
the hypophosphorous acid in the above f
mula. .y

Place the iron in a flask having a capaci~
about 500 mL, add the iodine and 200 ml<
purified water: and shake the mixture occ~’<
ally, checking the reaction, if necessary

%placing the flask in cold water. When*
liquid has acquired a green color and haa,~

8the odor of iodine, heat it to boiling, and;
solve 100 Gm. of sucrose in the hot liqp
Filta the solution at once into a flask

Tated to 1000 ml. and containing the rem~
of the sucrose, and rinse the flask contai !4
the iron with 240 ML of hot purified watem
divided portions, passing the rinsings su~&
sively through the filter. Agitate the rnL-#

4
until the sucrose is dissolved, warmin’

1

necesary, cool to 250, and add the hypop
phorous acid and enough purified wate”
make the product measure 1000 ml. ~.’
and strain. }’

1
I)escription-l?errous Iodide SyTUpis a

E
arent, pale, yellowish green, syrupy Ii
aving a sweet, ferruginous taste and a slig

acid reaction. Its specific gravity is about.
Identi6cation—

“ ‘dd a “W ‘ops “f r~si- “cvarude T.S. to 5 rrd. of Ferrous o~de Syrup
blue reeipitate forms.

!

~: Mix 5mL of Ferrous Iodide Syrup”,
a few dro s of starch T. S., and add 3 dro
chlorine $.S.: the liquid acquires a deep
color.

Free iodine—To about 5 ml. of Ferrous I2

1

Syrup add a few drops of starch T. S.: no
coIor is produced.

Assay-Place exactly 10 ml. of Ferrous I
Syrup in a flask, dilute it with 30 ml. of WE
~dd 50.0 ml. of 0.1 N silver nitrate, and 5 r@
nitric acid, snd heat on a water bath until
precipitate of silver iodide is greenish yell
COO1,add 2 ml. of ferric ammonium sulfate T,
and determine the residual silver nitrate by ti

1
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.,.- 4~e&ts tarrrate is employed for iron-deficiency
‘ t~fttia. I( is given hy mo”[h in doses of up 101 g.,.

~~ “~lY (~uivalen[ [o up k) 224 mg of iron daily).

Folic Acid VLWrI

Folic acid is a member of the vitamin B group
which is essential for DNA synthesis and some
anaino-acid conve=iom and is involved in fornsate
metabolism. Deficiency may result in megaloblast-
ic anaemia. [t is given by mouth for folate deficien-
cy states, and atso baa a role in the prevention of
neural tube defects. It should not be given for un-
diagnosed megaloblastic anaemia that may he due
to vitamin B,z deficiency,since it may mask contin-
uing neurological degeneration.

FOIICAcid@AN,rff4N).
Acidum Fohcum: Fofacim Fobn~ PGA Pteroylgluramic
Acid. PteroyfmowsglmxmicAc!d. N-[4-(2-Amino-4-hydmx-
yptendin-6-yfmethyfamino)benzofi-L(+)-gluramlcacid.
c,9H,9N70& = 441.4.

CA5— 59-30-3 (fohc oc,d); 6484 -89-5 (sodium (olote).
%rrmocopueios In A&, Befg.,&., Uun., G., Eur., Fr., Ger.,
Hung.,fflL, h, )pn, Mb., hL, Swiss,and US.
The seandamfsof f%.Eur.applyto these countries that are pw-
oes to the Conveneionon the Efaberauonofa EuropeanPbsr-
macopoeia, see p.xii.

A yellow to orange brown, odourfess or almost odourless
c~srailine powder.
BP aoiuhilities sm: practically insoluble in water snd most
organicsolvents. USP aolubiliticsWC:ve~ slightly soluble in
wamc resoluble in aJcohol.acemnc, chloroform, and ether.1[
readily d]ssolves in dilute solutions of alkali hydroxides and
carbomes; soluble in bydmchloric acid and sulphuncacid.
Tbc USP injection has a pH of 8 to II. PMect from light.

Scabilicy in solution. A reviewof daccompatibility and sra-
bib!y of mmponents of total pammeral nurmion solutions
whenmixed m I-or 3-litrc flexiblecontainers. t Foiic acid has
ken rqwt.xt to precipitate in some proprietaq amino acid
solunons and in the pcesence of high concentmlions of cafci-
um ions. bm II appears to bc stable and remain in solution
provided the pH remains above 5. llwrc have also ken rr-
j-mmsof foiic acid being absorbed by the polyvinyl chloride
conraincrsnd admmisoarion set; however other studies have
not subsrasttiatedsuch observations.
1 AllwoodMC.Comparibibtyands!abib!yof TPN m)xwres m

h[p bag,. J Cl,. ffosp Pfmnn 1984:9181-98

f.ldverse Effects

Folic acid is generally well tolerated. Gastro-inteati-
nal disturbances may occur. Hypersensitivity reac-
tions have beenreportedrarely.

Precautions

Folic acid should never be given a]one or in con-
junction with inadequate amounts of vitamin B,l for
the treatment of undiagnosed megaloblastic artae-
mia. since folic acid may produce a haematopmetic
response in patients with a megaloblastic anaemia

due to vinrnin Blj deficiency withou! preventing
aggravation of neurological symptoms. This mask-
ing of fhe tme deficiency state can lead to serious

neurological damage. such as subactne combined

degeneration of the cord.

Caution is advised in pa~ien[s who may have folate-
dependeru nsmours.

Interactions. Folate status may be affected by a number of
dregs and mttlconvul.wn!s,oral contraceptives. ant!mbcrcu-
IOUSdrugs. alcohol. and fohc acid amagonists including ami-
nop!erin. methotrexate. pynmetbamlne. trimethopnm, and
wlphonam]des haveall been said [o produce folate deficiency
axes. 1The authors of this rcwew discuss possible mccha-
msmsrespons!hlefor the folale deficiencyand assess the clin-
!cal signlticance concluding thal m some instances, such as
dumrg me(hotrexa!eor ant]convulsam therapy. replacemem
therapy with fol!cacid may become necessary in order 10pre-
vem megalohlmt!cwaemis developing.
Anuconwdsan[-associated folate deficiency is discussed fur-
ther under phenytoin,p.381.
I Lamb$c Dc, JohnsonRH. Drug. and [elate melafwlt sm. DrKes

1!!85. M: 145-55

Pharmacokinetics
Folic ucid is rapidly absorbed from normal diets.
mfiinl,v from the proximal part of the small inlestine.
and is distribtned in body Iissues. The principal stor-
age si[e ISthe liver: It is also active]} concemrated in
the Cerebrosczina] fluid. Diemr\ fo]a:es are stated to

natttrafly occurring foiate polyglutamates are large-

ly &conjugated and reduced prior to absorption bu
once absorbed, folic acid is reconvened via dihydro

folate to tetrahydrofolate and conjugated within tlw
cells to form active polyghttamates, It is the 5-meth
yltetrahydrofolate which appears in the portal circu
lation, where it is extensively bound to plasm:
proteins,

There is an enterohepatic circulation for folate
about 4 to 5 pg is excreted in the urine daily. Admin
istration of larger doses of folic acid leads to propor
tionately more of the vitamin being excreted in thf
urine. Folate is distributed into breast milk.

Human Requirements
Body stores of folate in heakfty persons have bee]
reported as being between 5 to 10 mg, but may b,

much higher. About 150 to 200 pg of folate a day i
considered a suitable average intake for all health!
persons except women of child-bearing potentia
and pregnant women who require additional foli~
acid to protect against neural tube defects in thei
offspring (see below). Folate is present, chiefly com
bined with several L(+)-f@arJric acid moieties, il
many foods, particularly liver, kidney, yeast, nuts

and leafy green vegetables. The vitamin is readil:
oxidised to unavailable forms and is easily de
stmyed during cooking.

In the United Kingdom dietary reference values (seep. 1352
have been poblishecffor folaw1and in the United States KU
ommended daily allowances have been set.; Differin
arnomrr.ram recommended for infants and children of varym
ages, for adult males and females, and for pregnant and Iacta
ing women, Tbe special folate rcquiremencsto prorecl again
neuml mbc defects we discussed below, In the UK the refel
encc nutrient intake (RN]) for adult males and females I
200 pg daily and the cscimatedaverage requiccment (EAR) I
150fsgdaily. SaIthe USA the allowartccs published have als
recognised tha! diets containing lower amounts of folac
rnainfain an adequate status and thus tie allowance has bee
set at 200 pg for adult males and 180Vgfor adult females
Folarc mqtrirwrscntsam increased during pregnancy. appm
endy due to increased metakmlicbreakdown of folate ratht
than foetal transfer) an RNl of 3fXlMgMy has been sugges!
cd forpregnmt women in the UK and an RK3A of 400 L?dail:
in tbc USA. However, McPactlin and colleagues have sug
gessed from a study in 6 pregnant women char rhe.sefigure
arc too low. and that intakes of about 450 to 650 Pg dai
mighl be more appropriate 7 interestingl), in the Ilght of r
cent confimration of the value of folate in prevenong neur
tube defccrs, it is now recommended that women planning
pregnancy receive a total daily mtakc of about 600 IQ da!I
before conccfAionand during the first trimester, wb]ch wou
go some way towards supplying (his increased amoum
A number of authorities m the UK and USA have advocau
folic acid supplememation of bread or flour (o increase rl
Intake m women of childbeamng age.4”7However. there r
mains some deba!e over the appropriateness of wtch acuo
and the risks of maskmg underlying wramin Blz deticienc>
1. DoH, Dwtac’y rcfcrcnce values for food energy and nutrtcnu for

the Untrod Kingdom rcpon of [hc panel on dmtarj refcrcncc
values cd dw comnuuee on mcd!cal aspecl, or food POIIC! Re.

porr on hcalrh and socmf sdytcf.r 41. London HMSO 199 I
2 Subcommioe on (he tenth cd)uo. of the RDAs, Food and Nu.

mtlon Board. Comm#sston on Lzfc Sctenccs. Nauonal Rcuarch
Council. Recommmded din-ran allowance.r 10lh ed W“a$hmg
ton. DC: Naaonal Academy Press, 19W

3. McPanim J. er al Accelerated relate breakdown m pregnant>
bnccr 1993:341: 148-9

4 DoH FA- dcid o“d !he pzvemwn @ neurtd IUfX dp{tcr,~ r?

porr fmm an cxpen adwsom $.roup London Dcpanmem 01
Hcahh. 1992.

5. Commtt(ec on Gcneucs of the Amcncan Academy of Pcd,ai
ncs. Foi Bcacid [or the prcvent)on of neural IUhe defects Pedt
arric.r I 993, 92: 493A

6 Schorah CJ, Wild J Fomtied foods and folate )nmkc [n womer
of child-bcanng axe La.cct 1993, 341: 1417

7 Sutcllffc M. <I-a; Prevermon of neural !ube defccw km< c
lw4: 344:1578.

8. HortorI R Fighung abou! fo)ate Jmmel I !?94, 344: 1696
9 W4d NJ, Bower C. FOIIC acid. pcrmc]ou%aria- 7?! preven

Inon of neural tube defects. Lanc?r 1994.343:307

Uses and Administration
Folic acid is a member of the vitamin B group. Fc’

acid is reduced in the body to tetrahydrofol:
which is a coenzyme for various metabolic proce
es including the synthesis of purine and pyrimid
nucleotides. and hence in the synthesis of DNA. i
also involved in some ammo-acid conversions. :A&

~~f<~?~? discu~sion of iron-deficiency anaemm and i[s

, ‘.$ %fment, see p,747: for further discussion of iron
$~ ~~ts dosage, see p.1368.,,
$4 .

)L less well ;bsorbed than crystalline folic acid. The
r
symbolt denotes a preparation no longer ttctn’ely

7
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Monsel’s solution-induced artifact in the uterine cervix.

Spitzer 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 quantified~nsel’s tit ion-related artifacts after
cervical biopsies. All loop electrosurgical cone biopsy specimens over a
3-month period were reviewed for necrosis artifact of the surface
epithelium~

.
and correlated with the

. antecedent use of Nknselkahkkklwenty -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 onm.a@tdkre with the abili~ to recognize and.—
characterize dkase process_ jg_cpm~ zwflen the cone
fiocedure is done w ithin 3 weeks after the use of Monsel’=tion.
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PracticeTips
Ikmna 1?Manta, WI, cm

Stoppingcervicalbleeding

Indicaliona
This techniquecan be uwd for controlling cervical
hltwding [rosn a biopsied site. OccasionaUy, wonwlt

present to me with bleeding after cervical biopsy or
laser treatment for abnormal Pap smears, When they
AJ present, bleeding is usually minimal and settles
with watchful waiting, (lcc~sionatly a Iow-gradt! ink

tion requires antibiotic trcaunentl on two ncmsinns in

my practice, bleeding was excessive and persistent
after cervical biopsy or laser or loop excision.
Examination of the cervix rcvcalcd an oozing injured

site. I was able to stop the bleeding by applying
Monsel% solution (20%krric strbsulfate) to the cervix.

This method is contraindicated when bleeding is
from inside the os cervix or when excessive hemorr-
haging reauires further intervention.

Procedure
With ringed forceps and gmrzu, dab the cervix m iclen-
tify the site of bleeding. Then, using ringed forceps
with 2X 2 gauze soaked in Monsef’s solution, apply Ihe
solution directly to the bleeding site.

Dkmssion
Thewomen I treated were discharged with no further
complications or complaints.

Upon reviewing LIIC literature, I found [hat
MonseYs solution is often used in gynecologic oncolo-
gy for bleeding from cvrvical and vaginal biopsies.
one report’ described a brownish vaginal discharge
Ihat appeared several days after the applica~ion O(
Mmwl”s when a vaginal pack soaked in Monscl’s had
heem used. Monsel’s solution is recommended over
sutures after cokhknife ionization in shsdics rwnpar-
ing these twu mc(hds Of hemosmsis.t:’ Monselk sidu.

(ion also has been used in rxaminirw the vwin;l fnr
papilloma virus WKJneoplasiu.’

1 could find no information in the literature on

adverse effects for fulurc Pstpsmears, Necrosis arti.
M wuld appear il’ cvrvica] biopsy is per(ormcd with.
in 3 weeks dtcr itpplicoliort O( Monst”l’s solution.’!
Monsd’s solution appears to ht. Asafe mrlhod for ctm.

[rolling cervical bleeding in lhis situatinn. Bc aware
thiI[ biopsies done within 3 WIK’IWof using Monscl’s

solution can ~how artifut,!s, *
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A. INGREDIENT NAME:

B.

c.

D.

E.

—

F.

G.

FERRIC SUBSUL FATE PUR IFIED POWDER

Chemical Name:

Approximately Fe4(SO*)S(OH)z

Common Name:

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

Feric Subsulphate (variable)

Information about how the ingredient is supplied:

(3Ewhite to pale yellow to brown fine powder, is odorless.

Information about recognition of the substance in foreign
pharmacopoeias:

The Pharmacopoeiaof the U.S.

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

H. Information about dosage forms used:

Topically

L Information about strength:

-



-
J. Information about route of administration:_-.

Topically

IL Stability data:

Decomposition: 520”C

L Formulations:

M. Miscellaneous Information:

—

. — -.
Page -2-



CHEMICAL NAME:

CATALOG NUMBER:

FERRIC SUBSULFATE PURlFlED

F1042

LOT NUMBER: LF0302

Seller certifies that the processes used in the manufacturing of the above

items were in compliance with the applicable specifications as referred

in or furnished with this purchase order.

—_

/’

Sincerely,

+

. .

LILIAN D. CASABARenc /



QUALITY CONTROL REPORT

cHEMICAL NAME. :FERRIC SUBSULFATE POWDER .4

MANUFACTURE LOT NO. :LF0302

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :usp /Bp hJfERcK /NF_@=T”_/co.spEcs”-.—. —

E
l)DESCRIPTION .:

4FF WHITE TO PALE YELLOW TO BROWN FINE POWDER.IS ODORLESS,

2)SOLUBILITY. :
SLIGHTLY SOLUBLE IN WATER AND IN ALCOHOL.

3)MELTING POINT.:

——=- 4)SPECIFIC -vITY.:

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR FERRIC.

PASSES. : FAILS .:

COMMENTS. :PRODUCT GETS AFFECTED BY LIGHT AND AIR.

ANALYST SIGNATURE. : DATE .:

PREPACK TEST. : DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

__—-.

---
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CommonNameJ Ferric subsuifate
TradeNrsme

Manufacturer SPECTRUM CHEMICAL MFG. CORP.

14422 SOUTH SAN PEDRO STREET

GARDENA, CALIFORNIA 90248

CommercialName(s) Monsel’s Salt

Sysmssym Sssk ferrk sulfate

ChemicafName Not available,

ChemicalFamily salt.

Chemi&l Formula Fe4(OH)2(S04)5

kspplier SPECTRUM QUALllY PRODUCTS, INC
14422 SOUTH SAN PEDRO STREET
GARDENA, CA 90248 I

Code F3 150

CAS# 1310-45-8 I
RTECS Not available,

TSCA On the TSCA Ilst

cl# Not applkable. I

IN CASE OF EMERGENCY
CHEMTREC(24hr) 80U24-9300

Emergency phone” (310)5168000

Expossrm LinsUr

Vame CAS # TWA (mghs?) =EL (mglts#) CEIL (mgls@ % by Weight

Ferric subsuifate 1310-4S8 1 100

roxkdogkal Data Ferric subs ulfate
MSIngredients LD50 Not available,

LC50 Not available

‘otential AcmteHealfb Slightly dangerous to dangerous in case of ing~ion. Vey slightly to slightly dangerous in case of eye
weds contact (irritant), of inhalation.

‘otential Chronic Health Very slightly to slightly dangerous in cese of eye contact (irritant), of tihalation.
MTds CARCINOGENIC EFFECTS: Not available MUTAGENIC EFFECTS’ Not available. TERATOGENIC

EFFECTS: Not avalable. The substance is toxic to blood, kidneys, liver. Toxicity of the product to the
raproductFwe system” Not avai[able. Repeated or prolonged exposure to the substance can produce target
organs damage.

WARNING: This producl contalna a chemical known to the State of California to cause cancer.
Chemical ingredient(s) requiring this warning:

NONE

WARNING: This product contains s chemical known to the State of California to cause birih defects or
other reproductive harm,
Chemical ingredient(u) requiring this warning:

NONE

MRY 26 ’98 B9:56 SFECTRUI QLK I TY Pm. JzlEt3
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1 Fem”csubsultite Page fJumber: 2
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Eye Confact IMMEDIATELY flush eyes with running water for et least 15 minutes, keeping eyelids open COLD water
may be used

SfdlaCosstacl NO known EFFECT acco(ding to our database.

Serious Skin Contact No additional information.

[nhafation Allow the victim to rest in a well ventilated area. Seek immedisce medical attention.

k-ious Inhalation No additional information. I
Ingestion Remove dentures i any. Have conscious person drink several glasses of water or milk. INDUCE VOMITING

by sticking finger in throat. Lower the head so that the vomit will nor reenter the mouth and throat. NEVER
give an unconscious person anything to ingest. Seek medical attention.

$erious Ingestion No additional information.

:stic~rhiti FfiianifE.@fos/ofl Da&
.,

Uammability of the Product Non-flammable

kutmkssftim Temzserafure Not applicable.

FfashPoints Not applicable

WusmsableLimits Not applicable.

Products of Combustion Not applicable

IfireHazards in Presence of Not applkable.
VariousSubstances

Esplosion Hanrds in Risks of explosion of the product in presence of mechanical impact Not available.
Presence of Various Risks of explosion of the product in presence of static discharge: Not avwlable
Substances No specific information is available in our database regarding the product’s risks of explosion in the presence

of various materials

Fire Fighting Medie Non-flammable.
and Instructions

Specfal Remarks os No additional remark.
Fire Hazards

Specfal Remarks oa No additional remark
Explosion Hazards

`'3*cti&&Accldetiti(;Ra.k&4i;@,*m.&s::i.::..;,;;`:,::;:"::,::;:i;::\:'i:i;,:.;:,:j':::::;;:,,;.:i.:::::::,!;:::i;:iii::::'f::::...,,.. .. . .
hnalf Spill Use appropriate tcmls to put tie spilled solid in a convenient waste disposal container. If necessa~’

Neutralize the residue with a dilute solution of sodium carbonate. Finish cleaning by spreading water on
the contaminated surface and diSDOSeof accordina to local and reaional authority requirements

.arge Spill Our database contains no addNonal information in case of a spill and/or a leak of the product Use a
shovel to put the materiil into a convenient waste disposal container. Neutralize the residue with a dilute
solutlon of sodium carbonate. Finish cleaning by spreading water on the contaminated sudace and allow
to evacuate through the sankwy system

;;;’.aa& ;: ,.. >,..,. . .. ...2.. :.!:... . . . . . . .. . . . . . .

Precautions No specific safety phrase has been found applicatXe for this product.

Storage No specific storage k required. Use shelves or cabinets sturdy enough to bear the weight of the chemicals.
E%sure that it is not necessary to strah to reach materials, and that shelves are not overloaded.

.,..,,..,,... s,.,.,,................
“Co@tuddq)lfd.i?lwe- ““””:““ ‘ ‘ ‘;:‘“ ‘ : ‘ “:”“’:’“’!:“ ““;’“~””‘::: “’’” ‘:’
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EngSneerhsgControls Use process enclosures, local exhaust vertilatiin, or other engendering controls to keep airborne levels
below recommended exposure limits If user operations generate dust, fume or mist, use ventilation to keep
exposure to airborne contaminants below the exposure limit.

Personal Protection Safety glasses Lab coat.

Personal Protection in Case Splash goggles Full suit Boots G!oves Suggested protective clothing mght not be sufficient, consult a
of a Large Spill specialist BEFORE handling this product.

Exposure Limits TvVA 1 (mg/m]) from OSHAJNIOSH [1993]
TWA. 1 (mg/m’) from ACGIH [ 1993]

Consult local authoriks for acceptable exposure limits.

., .,.,.,, , .,, ,<<,.,, .,.,. !.,,...,. . .. . .. . . . ...-.-...>.. >., .,.,..,, 1 .,.....: . .. . . .. . . . .. :.,

.,

Physical state and solid. Odor Not avalable
appearance

MolecularWeight Not available
“ Taste Strong

“ Colw
pH (1% sohthvater) 4

Brovvn.

Boiling Point Not available

Melting Point Decomposes

Critical Temperature Not available.

specific Gravity Not available.

Vapor Pressure Not available.

Vapor Density Not available

Volatility Not available.

Odor Threshold Not available

Water/OUDist. Coctt. Not available

lonicity (in Water) Nbt available

Dispersion Properties See Solubilrty m water.

SohsbiMy Easilysoluble in cold water, hot water.

~M@biti:;i~;””’i’:; i:~i::::’:i:~i’ .’.:’”. i::’. i::’”i i’~i.”:::”’ ::’:.:’: ‘.j:~;.” “

,., ...... ... .. ... .,,

Stability The product is stable

Instability Temperature Not available.

Conditions oflnstability No addtional remark.

Incompatibility with various No specific information is avellable in our database regarding the reactivity of this material In presence of
substances vartor.rsother materiels.

Corrossvity Non-corrosFve in presence of glass

Special Remarks M No additional remark
Reactivity

SpecialRemarks oa No additional remark.
Corrosivity

Polymerisation No.

,., .,.. .,..>.,. . .. .......... . .... .. ... . . .,,, *dwdw,Nwp*w ,,. , ‘.. ,., ,,.: ;. :.’: .:’” ,,. . . . , : .: .: -:::. :“ ,:. :’:. ,~.::. ?;l.’ :

tWY 26 ’93 Ef3:58 SPECTRLPI QI_kl I TY PCIE . @z15



B Fem-csubsultixe Page Number: 4

—

.. .. ..- .. .... . . . ... .
.S?wwl v,.TWW09W mwmm .

Routes of Entry Ingestkm

Toxicityto Animals LD50:Not available
LC50: Not available

ChmsricEffects 0ssHumans The substance is toxic to blood, kidneys, liver. Toxiaty of the product to the reproducttie system: Nf
available.

Other Toxic Etkts on Slightly dangerous to dangerous in case of mgestbn
Humam VeV sl~htly to slightly dangerous in case of eye contact (irrtant), of inhalation,

Special Remarks oa No additional remark.
Toxicity to Animals

Special Remarks oa No additional remark,
ChswsicEfkts 0ssHumans

SpecialRemarks oa ottser No additional remark.
— .——

Toxic Effects on Humans

BOD5and COD Not available,
I

Produds of Biodcgradatiosr Some metallic oxides I
roxicny of the Products The products of degradatiirr are as toxic as the orginal product
#Biodegradation

SpecialRemarks omthe No additional remark
Prodsuls of Bioslegmdation

. ...,<........ . ..,.: ....,.,...?..:......... ,.,,<..>...,,.,..+..,.. .. ..... .. . . ... . . . ... .. . . .
~ :!’”.;-+;

Vasts Disposal Recycle to process, if possible. Consult your local or regional authorities
I

Identitkatiosr Not applicable (PIN and F@

SpecialPmnsions for Not applicable
hensport I

00T (Pictogsams)

@

>
v

>! . . . . .. ,’.:

:.S@tiM f5WRkUtiafo&lhfia*nArid”’Pitigrh8::””.. :;:;’”:.”:“:::,;:. :,” ::: ::.!: :..”:;:’ ;,;;;.”.,. ~‘::’:”

Fedesal and State The fallowing product(s) is (are) listed on TSCA Ferric subsulfate
Regulations

Caltfornle WARNING: Thle product contains e chemical known to the State of California to cause cancer,
Proposition 65 Chemical ingredient(s) requiring this warning:
Warsdssgs

NONE

WARNING: This product contains a chemical known to the State of California to cause bitih defects
or other reproductive harm.
Chemical ingredient(s) requiring this werning:

NONE

Other Reguktions OSHA Hazardous by definition of Hazard Communication Standard (29 CFR 1910. 1200)
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“’;’;*~f#,’@&&fi&~~’:’ ; ;;”, :::,; .’ :’: ;’.;:.;:; :;’’.”::. :“ :::: :,’.:::’; ::.;: .:::”.;:::.: ::, ~,;;:.,:;,, :;: ;,,,,

catalogMsnsbesfs) F1042

Referemes Not available.

other special No addtional remark.
Considerations

Validated by E. Bsmll on 9/26/9?. Vesifled by E. BruU.

Printed 96?9197.

Esnergsmq phone: (310)516-8000

Notice to Reader
AU c&nd& mqr~~ &rmUf & *au&l CMue4 wlfh rdem W ,M3ftfial .$@* DnAI Shed (MSWS) qpUtS ●* 10Ike mamiol aspctagai Wlkfs pda &
cossbimd * tier tie- isdm%mles w 8ecema cmkwh9M, & nqposs karanls sd menziam%lh (M MUM It s&/l bt Ckesst@s repvmsfbWy (o tifop prqer
molds #hcmdUW oufpe?awaalpro12cdoa basedw W adad comclhfm ofue. W%Ue&& MSDS k basal m tecbdcd &tnJ~cd b k rdlablr, Specti @ally Pro&ci&
he —.?s no rapOdb@JW Sbe.*eScme5s or acrumy of lhe i@rmdm rau.dnedbmdm
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Material Safety Data Sheet

1 1 -k-_ J

,.
Wwv?. mic4$p**&@@4fi*j:&ntie~& ‘: : ‘: :’”.: : ;{ :., , ;: ~:””;’”!::“: ;:.’ +~;jijumb~: f ““

.=:.:.. ;:.

ommossNameJ Ferric Subsulfate Solution Code F3~55
rade Name CAS# Not applicable

[anufectww SPECTRUM CHEMICAL MFG. CORP. RTECS Not applicable,

14422 SOUTH SAN PEDRO STREET TSCA All the Ingredients are on the

GARDENA, CALIFORNIA 90248 TSCA I(st

ommercial Name(s) Monsel’s Solution Cw Not applicable.

yssossysn Not available.
IN CASE OF EMERGENCY

hesssicalName Not applicable. CHEMTREC (24hr} S00-424-9300

hesssicalFamily salt. Emergency phone: (310)51 &SOO0

hemicel Formula Not applicable

upptier SPECTRUM QUALllY PRODUCTS, INC.
14422 SOUTH SAN PEDRO STREET
GARDEN~ CA 90248

,t<.,:,r{v,~~y ~.?..,.,/:,: ,.!,...~,,.<,.,X’,.,<e,.-,.-r, .,:<. . >,,::,:?::! .: ., :!. ....... .7.- .-:’”-: 7.... ...r , ...... , ;; .-:,: :,’.! ,; :; ., .,..”,. ;.::- :..;:-.,.,.;.; ., +. ,,,, ;,’:’: ,7, ! :.-!.-:.-: ,
:Wm ‘2ecw#Itjt#l’and fnbmduw~ In$rwenta ‘ ‘ “’ ‘ ‘

,, ... .,
,,. ,, <<,,.... . . .. . . .. ... . . .. . .. . . . .

ExpoxasreL{ssdLs

ame US # TWA (mghf) STEL (mg/s@ CEIL (mght?) % byWeight

erricsubsulfate 1310-4%3 1 2C-Z2
Vater 7732-1 S-5 7aso

oxkdogkal Dsts Ferric subsulfate
n Issgredisnts LD50 Not available.

LC50. Not available.

. .,, .!..-.,. .. . . .... . .. . . , ...+..’,! .... . . . .. .<:,.:.,,:,:<. .

.?*~m 3. Hmati* I*OffcatIOft ~
:“.”:’ :. ’.:..’ :.”’:’.’.:. “.:’”- .“”’’: ’’” . . . . ...,

. . .. .. .
.>.-.. .,.s.?..:>.. . .... .. . . ... .. F..’. .><. .y r.-:..: ‘:->.:..:”. ;..’. . ., ;.. ,.. , .;. . ... . :,:. t

‘otenttat Acste Hesttts Very s.lghtly to sightly dangerous in case of eye contact (irritant), of ingestion, of inhalation. Not dangerous
:flects II case of skin contact (non-corrosive for skh, non-irritant for skin, non-sensitizer for skin, non-permeator by

skin).

~otentisslChronic Heslth Very slightiy to slightly dangerous in case of eye contact (irritant), of inhalation
:ffects Not dangerous in case of skin contact (non-corrosive for skin, non-irritant for skin, non-sensitizer for skin,

non-permeator by skin), of ingestion.
CARCINOGENIC EFFECTS: Not available MUTAGENIC EFFECTS: Not available. TERATOGENIC
EFFECTS’ Not available The substance is toxic to blcmd, kidneys, liver Toxicity of the product to the
reproductive system: Not available, Repeated or prolorged exposure to the substance can produce target
organs damage

WARNING: Thie product containe a chemical known to the State of California to cause cancer.
Chemical ingredient(e) requiring this warning:

NONE

..>.,=,.< . .
‘: “C@M@U4id*M”F%@2 ‘ “ ‘“’:

.. . . . . .. . . . . ::, . ...,’: ., ’;’: ::::. .;: :,:’ :’: ...’. :: ,’.: :.:.’:” “.. .’
... , I
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Fern-c Subst$fate Solm”on Page Number: 2 1

WARNING: This product contains a chemical known to the State of California to cause birih defects or
other reproductive harm.
Chemical ingredient(s) requiring this warning:

NONE

,,.
:’:(2-nn’X “C$ti” At..ISi.&i2;. b& I . . . ::’ .. . ::;’ ‘. ‘ .:”: : “. “:: ‘: ;:>;’ :;: “ !“;’ :“; . . . . . .. . . . .,. :..;... ;> ;’::..’ .:. , ,., .

apuwrn w. r##a -#u mluauun m ,. .

Eye Contact IMMEDIATELY flush eyes with running water for at least 15 minutes, keeping eyelids open COLD water
may be used

Skin Conbsci NO known EFFECT according to our database.

serious skirt contact No additional information.

Inhalation Allow the victim to rest in a well ventilated area. Seek Immedlete medkal aftentlon.

Serious Inhalation No additional information,

Ingestion Remove dentures if any Have conscbus person drink several glasses of water or milk INDUCE VOMITING
by stiking finger in throat. Lower the head so that the vomit will not reenter the mouth and throat. NEVER
give an unconscious person anything to ingest. Seek medkal attention

Serious Ingestion No additional information,

. . .. r>!> ,., ,. :..<., .!.,. ..
i’;s@ti&6:fi*’ia”m&kn tia&:’.’::’‘“: :’‘‘ ‘=”” ‘“ “ ! “ ~ ‘ ~“’ ‘“:“’;-~“’’’”“;” “::‘:‘“’“.‘ “

Fkamrnabit@of the Product Non-flammable.

Asrt&IgnNiomTemperature Not applicable

Ffash Points Not applkable.

Flammable Limits Not applicable

Products of Combustion Not applkable.

FkraHaxards in Presence of Not applicable.
Various Substwscas

ExploslorsHazards bs Risks d explosion of the product in presence of mechanical impact: Not available
Presence of Vahous Risks cf explosion of the product in presence of static discharge: Not available.
Substances No specif~ information is available in our database regarding the product’s risks of exploslon in the presence

of vartous materials

FkreFighting Medk Non-flammable,
and [SIShWdOSIS

SpecisslRemarks oa No additional remark
Fire Hazards

Special Remarks oa No additional remark
Explosion Hazards

.<.>><!.> ,,, ...>.... . . . . . .. . . . . . . . . . . . . ... y...., .“.. ..).! .. :.’- . . . . ...><.>

SetWtW t! Accldenfal Wq3sq Meiisures - ; : : : ‘: ~~,~< .:’; :::!’:” “’”. “

hsall Spill Dilute with water and mop up, or absorb wkh an inert DRY materiil and place in an appropriate waste
disposal container. If necessary: Neutralize the residue with a diiute soiution of sodium carbonate.
Finish cleaning by spreading water on the contaminated surface and dispose of according to iocai and
regionai authority requkements,

.arge Spill Our database contains no additiinai informatkm in case of a spiii and/or a leak of the product Absorb with
an inert materiai and put the spiiied material in an eppropriite waste dispcsal. Neutralize the residue with
a dilute solution of sodium carbonate. Frnish cleaning by spreading water on the contaminated surface
and ailow to evacuate through the sanitay system

.;,. ... .,. .,,,, ... ....... . . .
““ #nfinueifori Next Pa+””” ; “ ‘“ “ ‘: ‘ “’ “’’’””

,., ,,. .
I
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Prerauliosm No specific safety phrase has been found apphcable for this product

Storage No specific storage is required Use shelves or cabinets sturdy enoLgh to bear the wetght of the chemicals
Be sure that k is not necessary to strain to reach materiak, and that shelves are not overloaded.

., ...,. ,., ..:,., ,.
‘ “W1/Q~ 8. “Expoiti C&iioi~&ibt#P&iectian- “ ‘‘

2, 2,,: :,.. . .

Engineering Controi$ Provide exhaust ventilatbn or other engendering controls to keep the airborne concentrations of vapors
belcw their respective threshold Iimt value

Persend Protrctioss Safety glasses. Lab coat Gloves.

I

PersosralProtection in Case Splash goggles Full suit. Boots Gbves Suggested protectve clothing mght not be sufficient; consult a
sfa Large Spifl specialist BEFORE handling thk product.

Exposure Limits Ferric subsulfate
TWA. 1 (mg/m’) from OSHrVNIOSH [1993]
WA: 1 (mg/m’) from ACGIH [1993]

Consult local authorities for acceptable exoosure limits.
-1

Physical state and Liquid. Odor Slight.
appearance

MolecufarWeight Not applicable
— Taste Strong

—’ Cder Brownish-red.
pH (I”h sofnhvater) 4

Boiling Pdut 100”C (212°F)

Meiting Point Not available.

[Cs%xl Tensaerature Not available. I

[SpcificGravi& 1.58 (Water = 1) I

Vapor Pressure 17.535 mm of Hg (~ 2WC) based on data for Water

Vapor Density 0,62 (Air = 1) based on data for: Water

Volatility Not available

Odor Threshold Not available.

Water/OilDist. CM. Not available I

lonicity (bsWater) Not available

Dispersion Properties See Volubility in water.

SohsbiWy Easily soluble in cold water, hot water.

Wsbihty The product is stable.

[nstabifityTemperature Not available

Conditionsof Instability No addtional remark

[nconspatibilitywith variaus No specific information IS available in our database regarding the reactivity of this material in presence of
nsbstassces various other materkk.

Corrosivity Non-cofrosive m presence of glass.

Special Remarks - No addikonal remark
Reactivity

Special Remarks oa No addtional remark
Corrodvity

Polymerization Not available

FIRY 26 ’98 10:E14 SPECTMJI QI_W I TY PRGE. al@
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Fern-c SubsUfete Soiution Age Number: 4 I
>,...<- .. . .
swwli.’T+c$ogitil:lMtim. ” ;: : “ “:: .“: : ! : .“: :!. ‘.’ ? :::: .’::<‘i‘“::::‘ :.... . . . ,,,

Routes of Entry Ingestiin.

Toxicityto Animals LD50:Not available
LC50:Not available

Chronic Effects on Humans The substance is toxic to blood, kidneys, Itier Toxmt_yof the product to the reproductive system” Not
available,

Other Toxic Effects on Very sightly to slghtfy dangerous in case of eye contact (irntart), of Ingestion, of Inhalation
Humas Not dangerous in case of skin contact (non-corrosive for skin, non-irritant for skin, non-sensitizer for skin,

non-permeator by skin),

Spe&l Remarks oa No additionalremark.
Toxicityto Animals

Special Remarks oa No additional remark
Chronic Effects 0ssHumans

Special Remarks oa other No additional remark.
Toxis Effects on Humans

i2p’ew$9kdhwtt*,’ :“ ‘,’: :;:::”’ “’” ,’: “ : : : ,“” ‘, ‘:””:’: :: : :. .. . . . . . .. .
Ecotoxkity Not available

BOD5 and COD Not available.

Produets of Biodegradation Some t?I&alliCoxides.

Toxic~ oftfse Products The product tself and its products of degradation are not toxk
of Biodersradatton

Special Remarks oa the No additional remark.
Produsts of Biodegradation

.,.,.,>,:,.,.,,.......:.,... ...... ....... . . ..... . ,.,...,..,,, . .,,,.,,.. .. . . . . ... ........ .. .
,:, :”.” ;: ;”,;”;”””,., :’,’ j; , .

%’asteDisposal Recycle to process, if possible Consult your local or regional authorities

DOTCtassitkatio$s Not a DOT controlled material (United States).

[denttttedoss Not applicable (PIN and K)

$pectal Provisions for Not apphcable
rransport

DOT(Pktograms)

@

<P\

J’

!

,,, ,{, . .,, <,.. . . . . .,, .,, ‘., ... .- ...

Seedfyi IE ;:””;;;:”’”::;;+
Federal and State The fdlowmg product(s) is (are) listed on TSC& Ferrfc subsulfate, Water
Refutations

California WARNING:This product containa a chemical known to the State of California to cauae cancer.
Proposition 65 Chemical ingredient(a) requiring this warning:
Warnings

NONE

WARNING: Thie product containa a chemical known to the State of California to cauae birth defects I
or other reproductive harm.
Chemicai ingredient(s) requiring this warning: I
NONE

Other Regulations OSHA Hazardous by definition of Hazard Communication Standard (29 CFR 1910. 1200).
J

>.......>.... , <...,.,..,.. .-. -. r.., ; ...-.-,.: :.:.:::;;;. , r.+>::.:.: ;::..:’:.:: ., .;;!..:, ;::,.:;::.:.: ..,.>..:.:,.,. .,;,,;,:;’;,:.- ;
“: 6i%hxfedofiwxtPii#& “’

. ... .
.,. I
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Fem”cSubss$fete Solution PageNumber: 5

Other Classifications WHMIS (Canada) Not controlled under /VHMIS (Canada)

DSCL (EEC) Not controlled under DSCL (Europe)

HMIS (U.S.A.)

!!!
.Yational Fire Protection Slmmabslty

Association (U. S.A.)
,,46”.

Hew <’
\ ./ ~.,

.. . .\ ,,fi., O / Rcsdhlty
. ,. y’
“’..

‘.. ,/ s~rl’lnchnzmllr

—.—-

WHMIS (Canada)
(Pictograrns)

6!!9

DSCL (Europe)
(Pictogswns)

@

TDG (Canada)
(Pictograsns)

@

/
2

)
4

ADR (Europe)
(Pictogranss)

@

>

Protective Equipment

m

Gloves

41!!P
Lab coat

Safety glasses

... .. .....,....: . .. ........ .... .... . . . . . . . . ... .. :.. .
,sL?crMf 6.w?erwo~13#m : :“:’’:, , ““- :“”: ‘: ““ ‘“”:”’”’:‘“,; ‘:””: , “, “, , “, ,“

. . . . . . . . . . . . .

& ., ..,.,, . .

catalogNumber(s) FE107

References Not available.

other special No addtional remark.
Considerations

Validated by E. Brull on 9/26/97. Vcrifiid by E. BruU.

Printed 9129/97.

Emergency phone: (310)516-8000
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and titrate with 0.1 N potassium permanganate until a permanent
pink color is produced. Each cc. of 0.1 N potassium permsnganate
corresponds to 15.19 mg. of FeSO~. This assay is exploined in the
chapter on Oficial A.ssaua.
Storage-Preserve the salt in well-closed containers.

Uses—This salt & more stwble in air than the fully
hydrakd Ferrous Sulfate, and is more adaptable for
making capsules, pills, and tablets.

Usual Dose-O.2 Gm. (:lpproximately 3 grains).

Ferrous Sulfate Syrup U. S. P. Syrupus Ferri Sulfatis
[S’p. Jarabe de Sulfato Ferroeo]

Ferrous Sulfate Syrup contains, in each 100 cc., not
leas than 3.75 Gm. and not more than 4.25 Gm. of
FeSO,.7H20.

.Uetric Alternative

Ferrous Sulfate . . . . . . . . . . . . . . . 40 Gm. 1 oz. av. 147 gr.
Citric Acid . . . . . . . . . . . . . . . . . . . . 2.1 Gm. 31 gr.
Peppermint Spirit . . . . . . . . . . . . . . 2 cc. 31 mio
Sucrose . . . . . . . . . . . . . . . . . . . . . . 825 Cim. 27 oz. av. 236 gr.
Distilled Water, a eufiment quan-

tity,
To make . . . . . . . . . . . . . . . . . . . 1000 cc. 2 pints —

Dissolve the ferrous sulfate, the citric acid, the peppermint
s irit, md 200 Gm. of sucrose in 450 cc. of distilled water; and
&erthesolut.ion until clear. Then dissolve the remainder of the
mtcrose in the clear filtrate, and add su5cient distilled water to
make 1000 cc. Mix well and strain, if ncceeaasy, through a
pledget of cotton.

Assay—Transfer 25 cc. of Ferrous Sulfate Syrup, accurately meas-
ured, to a 250-cc. Erlenmeyer flask. Add 15 cc. of diIuted sulfuric
acid and 100 cc. of water, and shake well. Titrate with 0.1 N eerie
suffste, using orthophenanthroline T.S. se the indicator. Each cc.
of 0.1 d’ oeric sulfate is equivalent to 27.80 mg. of FeS04. 7Hz().
Tbieessay is explained in the chapter on O@al Aasau9.
Storag*Preeerve this Syrup m tight containers.

Uses-See Ferrous Sulfate.
Usual Dos+8 cc. (approximately 2 fluidrachms).

Ferrous Sulfate Tablets U.S. P. Tabelke Fern Sulfatis

[SF. Tabletae de Stdfato Ferroeo]

Ferrous Sulfate Tablets contain not less than 95 per
cent and not more than 110 per cent of the labeled
tMXIOUnt Of FeSO 4. TEz(). ~ fXfUiVah3fIt MIIOUIIt Of eX-
siccated ferrous sulfate may be used in place of FeSot. -
7Ha0 in preparing Ferrous Sulfate Tablets.

For tests for Identijkatiow and the We@rt oariution requirements,
see the U. S. P.
Assay—Weigh a counted number of not less than 20 Ferrous Sulfate
Tablets, and crueh them well without appreciable 10SS. Weigh accu-
rately in a beaker a portion of the crushed Tablets, equivalent to about
500 mg. of ferrous sulfate, and dissolve in a mixture of ’20cc. of diluted
sulfuric acid and SO cc. of freshly boiled and cooled water. Filter the
solution rapidly es soon se all soluble ingredients in the tablets are
dissolved, and wash the beaker and filter with small portions of a
mixture of 20 cc. of diluted sulfuric acid and 80 cc. of water. Immedi-
ately titrate the combined filtrate and washings with 0.1 .V eerie
auf fate, using orthophenanthroline T.S. se the indicator. Each cc.
of 0.1 N cerlc sulfate ia equivalent to 27.80 mg. of FeSO 4. 7H @.
This assay is explained in the chapter on Wcial Assays.
Storage-To minimize oxidation, these tableta should be kept in tight
containers.

Usual Dose-O.3 Gm. (approximately 5 grains) of
Ferrous Sulfate.

Unofficial Inorganic Iron Compounds

Ferric Ammonium Sulfate, Ferric Alum—An official reagent.
Ferric Chloride, Iron Perchloride [FeClg. 6HzO[—.An official reagent.
Ferric Ferrocyanide, Fe4 [Fe(CN) e]s-CommordyU;aJfed Prwtin blue.

A dark blue powder, insoluble in water. : a pigment in
paints, in inks, and in bluing. Formerly used in medicine as a tonic.
Do.sc 0.12 to 0.3 Gm. (2 to 5 grtins).

Ferric Ferrocyanide, Soluble, Soluble Iron Ferrocyanide [approxi-
mately KFe[Fe(CN) a] + H ~0]—A blue powder, soluble in water,
forming a colloidal solution.

Ferric Fluoride [FeFo + HzO]—White to .dightly yellow, crystalline
powder. Slightly soluble in water or in alcohol.

Ferric Hydroxide, Antidotum Fuchsi, Hydrated Ferric Oxid&%ee
Mapma of Ferric Hudroaide ~age 248).

Ferric Nitrate ~e(N03)3]-Grayish white crystals; soluble in water.

Uae.x a mordant in dyeing and in calico+ rrintirm; also a tonic and
astringent.

Ferric Oxide, Sacchamted N. F. Vii—The following directions were
given:

Disolve 11 Gm. of monohy~ratcrt spdiurn carbonak in 150 cc. dis-
ulled water. Dilute 30 Gm. of ferric chloruie solution tith 150 cc. of dis-
t!lled water and qrzduslh’ mid, with constant stlrrmg, b the carbonatesolu-
tion. Decant the wwernatant Iicruid rind wash the prcci itate with distilled

Yrwater until a portion of the washings, when diluted vat 3 volumes of di-
tilled writer, give orrl~ a slight opalescence with silver nitrate T.S. ,Collect
the precipitate on a cloth strainer. transfer the matima to a porcelain dish on a
water bath, and add SO Gm. of qucrnce and a sufficient quantity (not more
than 5 cc. ) of II 15 per cent solutmrt of sndmm hydroxide tu produce a clear
solution. Evaporate the ntirture to dryness upon 8 water bath and, if neces-
sary, add sufficient powdered sucrme to make tbe prnduct weigh 100 Gm.
When an prepared it cont+rm ahaut 3 per cent of Iron [Fe] corrmponding t.
about 4.5 per cent of frrnc oxide.

It occurs w a brown powder which is soluble in water but ineol-
uble in alcohol, The iron in this preparation ia non-ionic and it
does not respond to some of the usual reactions for iron. Uses: a
hematinic. Dose: 2 GOI. (30 grains] corresponding to 60 mg. of Fe.

Certain specially pre~ared eriutions of sacchamted ferric oxide
may be administered intravenously, and are currently receiving
trial for the treatment of refractory hypochromic anmeiss.

Ferric Phosphate ~eP04.4HzO]—ct nearly white or slixhtly yellow,
crywalline powder. Insoluble in water or in acetic acid: soluble
in mineral acid. .b’seti source of iron for the enrichment of foods.

Ferric Pyrophosphate [Fe4(P20,)3.9H20 j—Nearly wl:ite to s[ightly
yellow, crystalline powder. Insoluble in water; soluble in mineral
acids; also soluble when freshly prepared, in an excess of alkali
citrate, forming green edutiona.

Ferric Pyrophosphate, Sohsble-Tbie ia a complex salt of sodium
fcrncitrop~ophosphate. It is made by the process described for
.%hbfe Ferric PhosPhafe, replacing the sodium phosphate with
sodium pyrophosphate. It contains 11 to 13 per cent of iron. The
iron in this phosphata is, like that in Soluble Ferric Phosphate,
non-ionic. It occurs es brigbt green scale~~~l as granules.

U834. a hel~~freely soluble in water but insoluble in . .
tinic. Dose 0.25 Gm. (4 grains).

Ferric Subsulfate [~ ?roximately Fe4(S0 t s(OH) +YelJow, some-
what hygroecopic powder, ~ alfy incompletely
soluble in water; insoluble in alcohol. Uwx a styptic, and a
mordant in textile dyeing.

Ferric Sulfate [Fea(SO J &Grayish white, very hygroacopic powder.
Slowly soluble in water, sparingly soluble in alcohol. U.tes em-
ployed in dyeing, in the manufacture of Prussian blue and inks.
and in water purification.

Ferrous Ammonium Sulfate.-.ti official reagent
Ferrous Bromide [FeBra]--A

&sa.w alternative and tonic. Drwc
ellowish, deliqueeeent c~stalline

oowder. Soluble in water.
0.06 to 0.2 Gm. (1 to 3 sins).

Ferrous Chloride [FeC1&~~~~~:~~ $ef$ueecent cryatafa, or
crystalline powder. Soluble in 1 part
water acidtdat.ed with hydrochloric acid: inmrnpletefy soluble in
alcohol. UUew astringent in garglea; also a mordant in printing
fabrics and in dyeing.

Ferrous Iodide [Fe12.4HaO]-Ahnoet black, very deliquescent
masses. Decompose rapidly in air with liberation of iodine.
Freely soiuble in cold water, decomposed by hot water: tdeo soluble
in alcohol. UEes an aiterative and tonic, generally given in pills

Fe%o’&p?h%phatc [Fe3(POJ ~.8H@]-On account of rapid oxida-
tion in air the article of commerce contains b=ic ferric phoephate.
A ayish blue powder. Insoluble in water, soluble in mineral
aci% U.xs a hematinic: =1s0 used in coloring ceramics. DOWX
0.3 to 0.5 Gm. (5 to 8 grams).

Ferrous Sulfide[FeS ]—in oflicial reagent.

Inorganic Iron Specialties
.Voh The following preparafiom, wnfainirtp iron per se, or iron

cupplernersted rodh damiru and other substancq, are used as hema-
iiniix and dieiaW suppkrnents. The dose oar-w with the require.
merw of the irtdioidud.

4minoferin (J. T. Lloyd)—Liquid containing iron, aminoacetic acid,
and thiamine hydrochloride in an oat menstrmum.

Arsenoferratose (Rare-Galen)-Elixir, each ffuidounce containing
sodium ferrialbuminatc sufficient to furnish 235 mg. iron, and 0.9
mg. arsenic; tablets, each containing sodium ferrialbuminate to
furnish 16 mg. iron, and 0.09 mg. arsenic.

Ascoferrin (Doreey)-Capsules, each containing 0.325 Gm. ferrous
sulfate and 50 mg. ascorbic acid.

B Ferrated (Upjohn) —Elixir, each fluidounce containing 1.3 Gm.
ferrous sulfate with vitamin B complex supplement.

Befolex (Central) —Tablets, esch containing 19.4 mg. ferrous sulfate
with fniic acid and vitamin B complex factors.

Beofer (Rexall)—Elixir nr tablets, each fiuidounce of the elixir COF
taining 3 gr. ferrous suIfate, 2 mg. riboflavin. ~d 1 mg. thiamine
hydrochloride; each tablet containing 3 gr. ferrous sulfate, 5 mg.
nicotinic acid, 0,08 mg. pyridoxine hydrochloride, 0,6 mg. riboflavin,
and 120 U. S. P. units vitsmin B1.

Betacuron [Lakeside) —Liquid, each 30 cc. containing 274 mg. iron
peptonate, 15.9 mg. copper glucormte, with vicmnin B faccors.

Betaferrum (Hart Drug) -Elixir or tablets, each fluidounce of elixir
containing 20 gr. ferrous sulfate and 3.6 mg. thiamine hydrochb
ride; each tablet containing 3 gr. exsiccated ferrous sulfate and 1.0
mg. thiamine hydrochloride,

Betaron (W’arren-Teed)-8 yrup, each ffuidounce cOnt~ining 1 Gm.
ferrous sulfate and 3 mg. thiamine hydrochloride.

Biatron (N’ational Drug) -Elixir, each fluidounce containing 4 gr.
green iron and ammonium citrates, 5 per cent alcohol, 4 gr. calcium

Tff
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Dithymol Diiodide (Thymol Iodide). . . . . . . . . (CloH@)aIa 0=9t4$:

Dysprosium . . . . . . . . . . . . . . . .
..,., . . . . . . . . . . . . . . . . . . . ..Dy

550.ti
. . . . . . . . . . . . . . . . . . . . . . .

Emetine. . 162.s]. . . . . . . . . .
6[ ..o . . . . . . . . . . . . . . . . . .. C15HaaN . . . . .

Hydrochloride, Anhydrous. . . . . . . . . . .CSOH4404N2. 2HCI .
Epinephrine, Hydrated . . . . . . . . . . .wln 9* ‘~

. . . . . . . . . . . . . . . . . C9H130WV+ %H20 . . . . . . . .
Erbiurn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Er. . . . .
Erythrol Tetranitrate.

. . . . . . . . . . . . . . . . , IY%-3

Ether (Ethyl Oxide)
. . . . . . . . . . . . . . . . . . .. GHe(NOa)4 . . . . . . . . . . . . . .. VV-.”U

Ethyl Acetate . . . . .
. . . . . . . . . . . . . . . . . . . . ..(&)a . . . . . . . . . 7,4no

. . . . . . . . . .
.“ Carbamate

. . . . . . . . . . . . .. C2H5C2H302 . . . . . . . . . . . . . . . &-:&~
. . . . . . . . . . . . . . . . . . . . . . . . . . CO(OQH5)NH2

“ Chloride
. . . . . . . . . . . . W3ml

. . . . . . . . . . . . . . . . . . . . . . . . . . . .
“ ‘Y~~de@ thyl~U~hot) . . . . . . . . . ..~j~~~~ . . . . ...”.. . . . . . . . . 1

-.. .
whine Hydrochloride

. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . .. C10HAgNHC1+2Hz0 . . . .

(1 ,’ Anhydrou.4. . . .
Ethyl Nitrite . .

C1!3H2303NHC1.....
...........................C2HUVOZ

“ Oxide (Ether) . . . . . . . . ........- . . . . . . . .
. . . . . . . . . .

Eucaine (Beta) . . . . . .
. . . . ..(CdIs)aO. . . . . . .

., . . . . . . . . . . . . . . . . . . .. Cl~2102i~Cl+H@ . . . . 3j=~~
EucaIyptol (Cineol) . . . .
Eugenol.

. . . . . . . . . . . . . . . . . . .. CloHlaO . . . . . . . . . . . . . . . . . . 15. .
. ..-.’ . . . . . . . . . . . . . . . . . . . . . . . . . . .. CloH~&

EUmPiUm. . . . . . . .. ... . .. . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . ..Eu

I64.1o ‘:-

Ferric Acetate 152.0 4. . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .Fe(C&Oz)s . . . . . . . . . . . . . . 232.91 {

“ AMMonium Sulphate . . . . . . . . . . . . . . . .. FelW4(S04)z+12Hz0 . . . . .11 c’ .“- a. “t!tr
Anhydroua . . . . . .. FeNH4(S04)2 . . . . . . .

“ Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . .., FeCk+6H20lC
Anhydrw

. . . . . . . . . . . ...*.” .~~
. . . . . . . . . . . . . . . . .FeC13

“ Hydroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162.22
. . . . . . . . . . . . . . . . .Fe(OH)S . . . . . . . . . . . . .

“ H~ophosphite
TM*C 4

. . . . . . . . . . . . . . . . . . . . . .Fe(PH@z)a.
“ Nkrati . . . . . . . . . . . . . . 251.01 :. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
“ Oxide

1
WIV049 . . . . . . . . . . . . . . . . . 241.87’:,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .FeaOg . .
“ Phosphate (normal, not U.S.P.) . . . . . . .FePO~ . . . . . . . . . . . . . . . . . 159.6s “L

. . . . . . . . . . . . . . . . . . . . 1:“ Pyrophoqkti (norwl, not U.S.P.) ,. .Fcx(P0)3
“ SubauIphate (Wiabl~ . . . . . . . . . . . . . . . .

“ Sdphate (’ksulphate) . . . . . . . . . . . . . . .
Ferrous Bromide . . . . . . .

Fea(S04)s . . . . . . . . . . . . . . . . . 399.89 “~
. . . . . . . . . . . . . . . . . . . .CC FeBrz +61&011

Anhydroua . . . . . . . . . . . . . 323.78 ‘.
. . . . . . . . . . . . . . . .FeBra.&l carbonate

. . . . . . . . . . .-)lE@o -
. . . . . . . . . . . . . . . . . . . . . . . . .J( Iodide

FeCOa . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . .

It FeIz . . . . . . . . . . . . . . . . . . . ...”” =,W.
Lactate . . . . . . . . . . . . . . . . . . . . . . . . . . . .

46 MCdhCkh+m30....... wv m~(1 Anhydrona . . . . . . . . . . . . . . . . .Fe(C&O$z . . . . . . . . . . . . . . ~~~.v~<1 Oxide 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
6’ FeO . . . . . . . . . . . . . . . . . . . . . .

Mphate
-. “,

. . . . . . . . . . . . . . . . . . . . . . . . .Feso4+7Hao . . . . . . . . . . . . . -,”.”4 ~<[ 1< Anhydrou. . . . . . . . . . . . . . . . .11 FeS04[< . . . . . . . . . . . . . . . . . . . . lEI 1-1,
Exaiccated (approtikly) .2F&04+3H.@

(6 Solphide.. . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . .FeS . . . . . . . . . . . . . . . . . . . . . .Ferrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Fe

Iuor=cein (Rworckolphth:dti) . . . . . . . . . .. CmH~~6 . . ..`. " . . . . . . . . . . .
Pluorine F

. . . . . . . . . . . . . . . . . OClz.lu y
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *n A i



242 - NATIOY.4L FORMULARY

● Auay-Dissolve about 1 Grn. of Soluble Ferric Phosphate, accurately weighed, in
25 MI. of Water and 5 MI. Of h drOehkJ1’iCacid in s glaas-stoppered fhak; add 4

i’Gm. of potmrsium iodde, secure y stopper the 5sk, and ailow the mixture to stand
15 minutq; dilute with 50 MI. of water, and titrate the liberated iodine with 0.1 N
aodiurn tluosulfate, using s-h T.S. as the indicator. Perform a blank deter-
mination with the same quantities of the reagents and in the samemanner and
make any neceaaary cormxtion. Each ml. of 0.1 N sodium thiosulfate is equivalent
to 5.5s5 mg. of Fe.

Packaging and storage-hserve Soluble Ferric Phosphate m well-closed, light-
reaiatant containers.

CATEOORY-HWIX3tkiC.

Usufi DosIr-250rng.(approximately 4 grains).

Ferric Subsulfate Solution

FERRIC SUBH.-LFATE SOLUTION-
Monsel’s Solution Basic Ferric Sulfate Solution

Ferric Subaulfate Solution is a water solution containing, in each
100 ml., basic ferric sulfate equivalent to not less than 20 Gm. and not
more than 22 Gm. of Fe.

Ferroua Sulfate . . . . . . . . . . . . . . . . . . . . . . ...1045 Gm.
Sulfuric Acid . . . . . . . . . . . . . . . . . . . . . . . . . . 5s ml.
Nitxic Aci~
purified Water, each, a suiiicient quantity,

Tornake . . . . . . . . . . . . . .,. ..1 OOOML

Add the sulfuric acid to 800 ml. of purified water in a suitable porce-
lain dish, and heat the mixture nearly to 100”; then add 75 ml. of nitric
acid, and mix well. Divide the ferrous sulfate, coarsely powdered, into
4 approximately equal portions, and add these portions one at a time
b the hot liquid, stirring after each addition until effervescence ceases.
If, after the ferrous sulfate hx disselved, the solution has a black
color, add nitric acid, a few drops at a time, with heating and stirring,
until red fumes cease to be evolved. Boil the solution until it assumes a
red color and is free from nitrate, as indicated by the test below, main-
taining the volume at about lfXM ml. by the addition of purified water
as needed. Cool, and add enough purified water to make the product
measure 1O(X)MI.; filter, if necessary, until the product is clear.

NOTE: If exposed to low temperatures, crystallization may take
place in the Solution. The crystals will redissolve upon warming the
Solution.

Description-Fernc Suhsu~fate Solution is a rmidkh brim-rt liquid, cxiorless or nearlv
90, tiith a sour. strongly astringent taste. Ferric$%heulfateSolution is ~cid [o
litmus, and it is affected by light. Ita specilic gravity is about 1.548.
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A. INGREDIENT NAME:

FERRIC SULFATE HYDRATE

Chemical Name:

Diiron Trisulfate

Common Name:

Ferric Sulfate, Iron Persulfate, Iron Sesquisulfate,Iron Sulfate (2:3), Iron (3+) sulfate, Iron
Tersulfate, Sulfiric Acid, Iron (3+) Salt (3 :2)

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

Purity: 73.0 min.
A solution responds to the test for ferric iron and sulfate.

Information about how the ingredient is supplied:

Grayish-white powder, or Rhombic or Rhornbohedral crystals, very hydroscopic,
commercial product usually contains about 20?/o water and is yellowish in color.

Information about recognition of the substance in foreign
pharmacopoeias:

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

Fuks, A. B., Holan, G., and Davis, J. M. Ferric sulfate versus dilute formocresol in
pulpotomized primary molars: long-term follow up. Pe&atric Dentistry, 1997: 19(5):
327-330.

Jeansonne, B. G., Boggs, W. S., and Lemon, R. R. Ferric sulfate hemostasis: efect on
osseous wound healing. II. With curettage and irrigation. Journal of Endbdbntics, 1993;
19(4): 174-176.

Fei, A. L., Udi~ r. d., and Johnso~ R. A clinical study of ferric sulfate as a pulpotomy
agent in primary teeth. Pediatric Dentis@, 1991; 13(6): 327-332.



Shaw, D. H., Krejci, R. F., and Kalkwarf, K. L. Gingival response to retraction by ferric
sulfate. Operative Dentistry, 1983; 8(4): 142-147.

H. Information about dosage forms used:

Solution

I. Information about strength:

J. Information about route of administration:

K

—
L.

M.

Stability data:

Store at room temperature. Protect from light.
Stable

Formulations:

Ferrous Sulphate ................400gm
Sulphuric Acid .....................78gm
Nitric Acid, Distilled water - a significant quantity.
*See file for compounding formulation*

Miscellaneous Information:

—

Page -2-
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Product:
Gradg:
~:

Armearance:

Mol. Formula:

Mol. Weiqht:

— .. —

CERTIFICATE OF

A
FERRIC SULFATE, HYDRATE ~ ‘

Reagent Grade

2445A23

DeSCriDt ion:

A a:

r
Purit.

Insoluble

Chloride (L=O
Ferrous Iron

F~ne yellow crystalline powder

Fe2(S04)3.xH20

399.88 (anhydrous)

002)
L=O.02)

QUALITY

Minimum Maximum
73.0

0.02

Copper (L=O.005)
Zinc (L=O.005)

_~-Nitrate (L=O.01)
.Jon-precipitables (by NH3, L=O.1)

Sto rauq:
/

Store at room temperature. Protect from
moisture.

1(

<0.002
<0.02
<0.005
<0.005
<0.01
<0.1

,
.

.
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QUALITY CONTROL REPORT
~.

.- ---

CHEMICAL NAME. :FERRIC SULFATE HYDRATE

MANUFACTURE LOT NO.:2036A41

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /MERCK /NF /MART. /CO.SPECS.—— —— — —“

l)DESCRIPTION ,:
< GRAyIsH-wHITE PowDER, oR RHoMBIc oR RJ-JoMB~ _cRY.sTIu&&wmY HYGROSCOPIC;

~ C~CIU~CT7TS’UA’’CONTAINS ABOUT 20% WATER AND IS YELLOWISH
———

——— —.
IN COLOR.

2)SOLUBILITY .:
SLOWLY SOLUBLE IN WATER, RAPIDLY SOLUBLE IN THE PRESENCE OF A TRACE
OF FES04; SPARINGLY SOLUBLE IN ALCOHOL;
AND ETHYL ACETATE; HYDROLYZED SLOWLY IN

3)MELTING POINT.:

.-.

4)SPECIFIC GRAVITY. :

fl 5) IDENTIFICATION. :

PRACTICALLY INSOLUBLE IN ACETONE,
AQUEOUS SOLUTIONS.

v A)A SOLUTICULR&WO NDS TO THE TEST FOR FERRIC IRON AND SULFATE.

PASSES. :

COMMENTS. :

FAILS .:

ANALYST SIGNATURE. : DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

—-------- -

—_
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[Jseyourweb browser’s “Back” key to return to previous topic.

Ferric Sulfate Monohydrate

**** MAT’ER~L sAFE~ DATA s~ET * * * *

Ferric Sulfate Monohydrate
45419

* *** SECTION 1 . (_HEMIc~ PRODUCT AND COMPANY

MSDS Name: Ferric Sulfate Monohydrate
Catalog Numbers :

s80013

IDENTIFICATION ****

Synonyms:
_— ~ .DiironTrlsulfate;~erric Sulfate;ironPersu

Sesqu’lsulfate; Iron Sulfate (2:3); 3+)

Iron 1
Compeentification: Fisher Scientific

1 Reagent Lane
Fairlawnr 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, INFOMTICIN ON INGREDIENTS ****

+----------------+--------------------------------------+----------+-----------"

I CAS# I Chemical Name l% I EINECS#

l---------------- l-------------------------------------- l ---------- l-----------
I 10028-22-5 iFerric sulfate, monohydrate I 100 I 233-072-9 I

+----------------+--------------------------------------+----------+-----------+
Hazard Symbols: XI
Risk Phrases: 36/37

● *** SECTION 3 _ ~ZARDS IDENTIFICATION ****

EMERGENCY OVERVIEW
Appearance: yellow-gray.
Caution! May cause respiratory tract irritation. May cause liver and
kidney damage. Causes severe digestive tract irritation with pain,
nausea, vomiting and diarrhea. May corrode the digestive tract with
hemorrhaging and possible shock.
Target Organs: None.

Potential Health Effects
_—- Eye:

May cause
Skin:

May cause
Ingestion:

May cause

eye irritation.

skin irritation.

severe gastrointestinal tract irritation with nausea,
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vomiting and possible burns. May cause liver and kidney damage.
Inhalation:

May cause respiratory tract irritation.
Chronic:

No information found.

**** SECTION 4 - FIRST AID MEASURES ****

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

Skin:
Get medical aid if irritation develops or persists. F.
plenty of soap and water.

Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of
Never give anything by mouth to an unconscious person
aid immediately.

Inhalation:

ush skm with

milk or water.
Get medical

Get medical ald 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:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear.

Extinguishing Media:
Use alcohol foam, carbon dioxide, or water spray when fighting fires
involving this material.

Autoignition Temperature: Not applicable.
Flash Point: Not applicable.
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

**** SECTION 6 _ ACCIDENTAL REL~E ~SURES ****

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

Spills/Leaks :
Clean up spills immediately, observing precautions in the Protective
Equipment section. Sweep up or absorb material, then place into a
suitable clean, dry, closed container for disposal.

+*** SECTION 7 – HANDLING and STORAGE ****

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
wash before reuse. Use with adequate ventilation. Discard
contaminated shoes.

Storage:
store in a cool, dry place. Keep containers tightly closed.

**** 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 PELsI

l-------------------- l------------------- l------------------- l----------------- I
I Ferric sulfate, monlnone listed Inone listed [none listed
I ohydrate I I I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs:
Ferric sulfate, monohydrate:
No OSHA Vacated PELs are listed for this chenucal.

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 :
A respiratory protection program that meets OSHA’S 29
CFR ;1910.134 and ANSI z88.2 requirements must be
followed whenever workplace conditions warrant a
respirator’s use.

**** SECTION 9 - PHYSICAL ANE CHEMICAL 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
yellow-gray
Odorless.
Not available.
Negligible.
Not available.
Negligible.
Not available.
Not applicable.
Decomposes.
480 deg C
Soluble in water.
3.097
Fe2(S04)3.H20
399.8668

**** SECTION 10 _ s’T~ILITy AND R~cTIvITy ****

Chemical Stability:

k,~ =z=e~
Condltlons to Avoid:

Incompatible materials.
Incompatibilities with Other Materials:

Corrosive to metals.
Hazardous Decomposition Products:

Sulfur oxides (SOX), including sulfur oxide and sulfur dioxide,
Hazardous Polymerization: Will not occur.

**** SECTION 11 _ TOXICOLC)GICAL INFc)~TI(_jN **+*

RTECS# :
CAS# 10028-22-5: N08505000

LD50/Lc50:
Not available.

Carcinogenicity:
Ferric sulfate, monohydrate –

Not listed by ACGIH, IARC, NIOSH, NTP, or OSH.A.
Epidemiology:

No data available.
Other Studies:

No data available.

_- **** SECTION 12 – ECOLOGICAL INFORMATION ****

Environmental Fate:
Not available.
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**** SECTION 13 - DISPOSAL CONSIDERATIONS ****
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Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not llsted.
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 – TRANSPORT INFORMATION ****

US DOT
Shipping Name: CORROSIVE SOLID,ACIDIC, INORGANIC,N.O.S.

(SULFURIC ACID)
Hazard Class: 8

UN Number: uN3260
Packing Group: II

IMO
No information available.

IATA
No information available.

RID/ADR
No information available.

Canadian TDG
No information available.

+*** sEcTION 15 . p$Gu~TORy INFO~T1ON ****

———

US FEDER?EL
TSCA

CAS# 10028-22-5 is listed on the TSCA inventory.
Health .SSafety Reporting List

None of the chemicals are on the Health 6 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)
final RQ = 1000 pounds (454 kg)

Section 302 (TPQ)
None of the chemicals in this product have a TPQ.

Section 313
No chemicals are reportable under Section 313.

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

Clean Water Act:
CAS# 10028-22-5 is listed as a Hazardous Substance under the CWA.
None of the chemicals in this product are listed as Priority
Pollutants under the CWA.
None of the chemicals in this pzoduct are listed as Toxic Pollutants
under the CWA.

OSHA:

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

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

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: XI
Risk Phrases:

R 36/37 Irritating to eyes and respiratory system.
Safety Phrases:

WGK (Water Danger/Protection)
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CAS# 10028-22-5: 1
Canada

CAS# 10028-22-5 is listed on Canada’s DSL/NDSL List.
WHMIS: Not available.
CAS# 10028-22-5 IS not l~sted on Canada’s Ingredient Disclosure List.

Exposure Limits
CAS# 10028-22-5:. OEL-DENFU4RK:TWA 1 mq(Fe)/m3 JANUARY 1993. OEL-FINL
AND:TWA 1 mg(Fe)/m3 JANUARY 1993. OEL~THE NETHERLANDS:TWA 1 mg(Fe)/m3
JANUARY 1993. OEL-SWITZERLAND: TWA 1 mg(Fe)/m3 JANUARY 1993. OEL-UNI
TED KINGDOM:TWA 1 mg(Fe)/m3;STEL 2 mg(Fe)/m3 JANUARY 1993. OEL IN BUL
GARIA, COLOMBIA, JORDAN, KOREA check ACGIH TLV. OEL IN NEW ZEALAND, S1
NGAPORE, VIETNAM check ACGI TLV

**++ SECTION 16 - )J)DITIoN~ _fNFo~TIoN ****

MSDS Creation Date: 6/28/1995 Revision #3 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to determine the suitability of the
information for their particular purposes. In no way shall Fisher be liable
for any claims, losses, or damages of any third party or for lost profits

or any special, indirect, incidental, consequential or exemplary
damages, howsoever arising, even if Fisher has been advised of
the possibility of such damages.

--------------------------------------------------------------------------------
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‘wDithymol Diiodide (Thymol Iodide). . . . . . . . . (C,oHx@)Ja 0=16
Dysprosium

““”””’ ”-... - . . . . . . . . . . . . . . . ..Dy
. . . . . . . . . . . . . . 55(q

Emetine. ....................... 162;&’
. . . . . . . . . . . . . . . . . . . . . . . .

(C
Hydrochloride, Anhy&ow . . . . . . . .. ClsHmOaN . . . . . . . . . . . . . . . .

Epioeph-rine, Hydrated . . . .
. . . . . . . . . .. CWH4404N2.2HC1 . . . . . . . . . ;::”;

Erbium . . . . . . .
. . . . . . . . . . . . . . . . . CeHAaV+ fiHzO . . . . . . . . Krz:12

. . . . . . . . . . . . . . . . . . . . . . . . . . . .Er...Erythro1 Tetranitrate. . . . . . . . . . . . . . . . . . . . . . . . 167.7~
. . . . . . . . . . . . . . . . . . . . GH41(N03)4 . . . . . . . . . . . . . . . 302.~;Ether (Ethyl Otide) . . . . . . . . . . . . . . . . . . . . . . ..(~&)@

Ethyl Acetate. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . .

.“ C=bamate
. . . . . . . . . .. C~Hs~H~ . ...-.......@.- ~’

. . . . . . . . . . . . . . . . . . . . . . . . .CCO(OCaH~)NHQ.. . . . . . . . . . . 89”07“ Cldonde. . . . . ..-. . . . . . . . . . . . . . . . . . ..aH$O . . . . . . . . . . . . . . . . . . . 04”M
“ Hydroxide (’Ethyl .Ncoho[) . . . . . . . . . . . .CaHGOH.

Ethylmorptie IIydmchloride . . . . . . . . . . . . . . . CMHZ@S~HCl ~ n.XJ
1< ‘, ~

EthylIWtrite. .
Anhydrou.j . . .. Cl9HmOwWCl.. . . . . . . . . . . J4Y.tjtj \

. . . . . . . . . . . . . . . . ..e. #.
“ Oxide (Ettier).

. . . . .. GHWIOa
. . . . . . . . . . . . . . . . . ,.

Eucaine @eta) . . . . . . . . i
.m4. (GH5)a: ”””””””’ . . . . . . . . . 75,05:

......... . . . . . . .
. . . . . . . . . . . . . . . . . . . . CdlIa,Oa.WICl+H~. . . . . . ij~~ ~Eucal~toI(Ckml)........................C]oHIBO

Eugenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,

Europium . . . . . . . J‘-”. ” . . . . . . . . . . . . . .. CIOHIZ&. . . . . . ...@ . ..+.. :2;;JJ

Ferric Acetate
. . . . . . . . . . . . . . . . . . . . . . . . .Eu . . . . . . . . . . . . . . . . . . . . . . . . 152~0 f,- . . . . . . . . . . . . . . . . . . . . . . . . . . .Fe(C~–.:“ AmmoniumSdphate... -,”............

..............Fe.N114(S04)z+12Hz0 . . . . . . 482.21“ ,’
An hydrous . . . . . .. Fe.~4(S04)a . . . . . . . . . . . . . . 266.@

Chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . .
1<

Anhydrou3
FeC13+6H20
FeC13

. . . . . . . . . . . . . . 270.32’. . . . . . . . . . . . . . . . .
Hydroxide ““””. . . . . . . . . . . . . . . . . Lo,z.zz. . . . . . . . . . . . . . . . . . . . . . . . . . .
Hypophosphite

Fe(OH)3 . . . . . . . . . . . . . . . . . .
Fe(pHaOa)3.

106.86:. . . . . . . . . . . . . . . . . . . . . .
Nitrate . . . . . . . . . . . . . . 251.oli. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Oxide

Fe(N03)3 . . . . . . . . . . . . . . . . . 24187~
. . . . . . . . . . . . . . . . . . . . . .

. . . . . . .. Fea03
. .

Pho.@mte (normal, not U.S.p,). . . . ...Fep04. . . . . . . . . . . . . . . . . . . . 159”U ‘,

%pho@~te (normal, not u.s.p.) . . .Fq(P,&)~. . . . . . . . . . . . . . . . ~“~ ~
Subsulphate (variab]e) . . . . . . . . . . . . . . . . .

S~Phate (TersuIphate)
Ferrous Bromide

. . . . . . . . . . . . . . .Fea(S04)3 . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. FeBrz+6Ha0, . . . . . . . . . . . .cd r{
Anhydrou9tl

Carbonate
. . . . . . . . . . . . . . .. FeBr3. . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .(1 Iodide FeC03 . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .

#l FeIa . . . . . . . . . . . . . . . . . . . . . .Lactate . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(1 It

AQhydroug
WGH50sh+3Hao
Fe(C3EL@2

. . . . . . .. . . . . . . . . . . . . . . . .It Oxide . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
(, Sutphate

FeO . . . . . . . . . . . . . . . . . . . . . .
6C . . . . . . . . . . . . . . . . . . . . . . . . .(d

Anhydrous
FeS04 +7H4o . . . . . . . . . . . . .

Jc {[ . . . . . . . . . . . . . . . . FeS04 . . . . . . . . . . . . . . . . . . ..Exsiccated (approximately) .2F&04 +3H20. . . . . . . . . . . .
(<

SuIphide.. . . . . . . . . . . . . . . . . . . . . . . . . .
Ferrum. FeS . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fluor~cein (Resorcinolphth~e@. . . . . . . . . . .&”H~~~: . . ..”’ .”.... . . . . .
Fluorine . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F . . . . . . . . . . . . . . . . . . . . . . . . .

1
,,

399.89 !
323.78 “
215.68 -..fl
Lla.&l
309.68 ~

d
287.97 ?
233.92 <.

71.84

278.02 #
151.9 I ‘,4

357.87 ‘“$

87.9 I .J
55.84

‘$
332.10 ::;
19.0 $

,,,;1

.., ii
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Practically nontoxic. A mild local irritant. Large dose:
orally can cause. diarrhea.

VETusE: Locally as styptic. Diluted orally in G.1. tracl
hemorrhages.

Fenic Sulfate. Ferric perstdfate; ferric sesquisulfate;
ferric tersulfate. Fea(SO+; mol wt 399.88. Fe 27.93%,
O 48.01%, S 24.06~o, Prepn: Gmefin’s Mandb. anorg.
Ckcrrr., System no. 59 (Iron), part B, pp 439-!62 (1932).

Grayish-white powder, or rhombic or rhombohedral
‘XYstais. Very hy roscopic. commercial product usually

+contains about 20 ~ water and is yellowish in color. d~s
3.097. Slowly sol in water, rapidly sol in the presence of a
trace of FcS04; sparingly sol in alcohol; practically insol in
acetone, ethyl acetate. Hydrolyzed slow[y in aq soln. Keep
well clo~ed and protectedfrom light. LD S.C.in frogs: 13 gjkg.

USE: Inprepn of iron slums, other iron salts and pigments;
as coagulant in water purification and sewage treatment; in
etching aluminum; in pickling stainless steel and copper;
as mordant in textile dyeing and calico printing; in soil
conditioners; as polymerization catalyst.

Ferric Tannate. Ferric a[lotannate. Variable composi-
?tion. Contains 8-10~o Fe, O-SOY. tannin.

El uish-black powder. Insoluble in water; sol in dil
mineral acids.

USE: In inks.

Ferric Thioeyanate. Ferric sulfocyanate; ferric sulfo-
cyanide. Fe(SCN)a; mol wt 230.08. CsFeN&; C 15.667

~Fe 24.27~o, N 18.26~o, S 41.81~o. Prepn: Gmelin’s Hand .
arror . Chem., System no, 59 (Iron), part B, pp 747-761
(193!); Uri, J, Chem. Sot. 1947,336.

Sesqttihydrate, Fe(SCN)l. 1~H~O, red, deliquesc crystals.
Dec on heating. Soluble in water, alcohol, ether, acetone,
pyridine, ethyl acetate; practically insol in CHClt, CCl~,
CSZ, toluene. Keep well closed,

USE: Analytical reagent,

Ferrite. Ferrospinel. A crystalline, usually man-made
material, having a spine[ structure and consisting essentially
of ferric oxide and at least one other metallic oxide which is
usually, although not always, divalem in nature. When
molded into compressed bodies, the material is characterized
by high magnetic permeability. Typified composition: FezO1
67-7wo; ZnO 10-10.5YO; MnOt 20-22.5V0; CUO O.l-lO~o;
COSO* 0.1$7.. Ferrites are prepd by ceramic techniques.
The oxides or carbonates are milled in sreel ball mills, and
the mixture of very fine particles is dried and prefired in
order to obtain a homogeneous end product: Hilpert, Ber,
42, 2248 (1909). Examples of modern techniques: Slmpkiss,
U.S. pat. 2,723,238 (1955 to Radio Corp. of America);
Harvey, U.S. pat. 2,723,239 (1955 to Radio Corp. of
America). Books: Snoek, New Deuelopmcnts in Fevromag-
ne?ic Materiafs (Elsevier, New York, 1947); Smit, Wi jn,
%riles (John Wiley & Sons, Inc., New York? (959);
Soohov, Theory and ,@ilcarion of Ftvrires (Prentice Hal[,
1960); Standley, Oxide Magrreric Materials (Clarendon
Press, Oxford, 1962). Reviews with bibliographie~: Gorrer,
Proc. I.R.E. 43, 1945-1973 (1955); Fresh, “Methods of Prep-
aration and Crystal Chemistry of Ferrites, ” ibid. 44, 1303-
1311 (1956); Brailsford, Magnetic Materiafs (3rd cd,, John
Wiley & Sons, Inc., 1960), pp 160-181;Hogan,Ser.Ant.
202, 92-104 (1960); Economos, Kirk-Othmer’s Encyclo-
pedia of Chemical Technology vol. 8 (2nd ed, Interscience,
1965), I)p 881-901.

USE: ‘Radio and television coil cores; slug tuners, 100p-
stick antennas. Human Toxicity: The dust can cause pul-
monary irritation. See uko specific metals.

Ferritin. A crystallizable protein contg 20-2470 iron and
1.2-2% phosphorus. Forms a large part of the storage iron
in spleen, intestinal mucosa, and liver. Isolated from horse
spleen. Reoie w: K1einwachter, Cherrr. Li$ty 55, 234 (1961).

Ferroakemnarti te. 2Ca0.Fe0. XiO*-calcium iron silicate.

Ferroeene. Dicyc[opentadieny(iron; biscyclopen tadienyl-
iron. C,oH,OFe; mol wt [86.03. C 64.56%, H 5.42%, Fe
30.02~. Prepns: Kealy and Pauson, Nature 168, 1039
(1951); Pauson, U.S. pat. 2,680,756 (1954 to Du Pent);
.Miller er al., J. Chem. Sot. 1952, 632: Anzi[otti and Wein-
mayr, U.S. pat. 2,791,597 (1957 to Du Pent). Other prepns:
Wilkinson? Org. .Syrr, 36, 31, 34 (1956); Pruett, Morehouse,
.4dcarrces In Cheneiszry Series 23, 368-371 (1959); Wilkinson.
Org. .$yrr., call. vol. IV, 473 (1963); Cordes, Fr. pat. 1,341,880

i

(1963 to BASF); C.A. 60. 6873a. Structure studies,: Wilkin-
son er rd., J. Am. Chem. Sot. 74, 2125 (1952); Selbold an
Sutton, J, Chem. P/rys. 23, 1967 (1955). Reuww on ferroccne
reactions: Rausch et al., J. C/rem. Ed. 34, 268 (1957). Book:
Rosenblum, Chemistry of (he Iron Group Me!allocenes
(John Wiley. New York), 1965. ,

9
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orange needles from methanol or ethanol; odor of: ‘
camphor. mp 173-174”. Sublimes above 100”. Volatile in
steam. PracricaIIy insol in water, 10% NaOH. and coned
boiling HC1. Soluble in alcohol, ether, benzene. AIw
dissolves in dil mtric and coned sulfurlc acids forming a j
deep red soln with blue fluorescence. The molecule is
diamagnetic and the dipde moment is effectively zero. , ‘:!

USE: Antiknock additive for gasoline; catalyst.

!

Human ~~
Toxicity: No specific data. Animal feeding expts show ,
almost complete absence of toxicity. : ,.

1
?

C~iHttFeNO*i; mol wt 402.17. C 32,85%, H 6.01%,., ‘
Fe 13.89~o, N 3.48%, O 43.767.. Prepd by interaction of
:quimolar quantities of choline dihydrogen citrate and
Freshly pre d Fe(OH)s or FeCOs: Bandelin, U.S. pat.
2.575,611 (!951 to Flint Eaton & Co.): bv treatment nf a .,

Rrrocholinate. [Hydrogen citrato(3-)]triaquoiron, choline
rah; iron choline citrate; Chelafer; Chel-iron: Ferro[io.

,.. ,.. .—........- .
~reshly prepd soln of ferric citrate with an equimolar amour..
of choline: Chakrabarti, Sen, Chemistry & ftrdusrry (London)
1%1, 1407, !N

nt i,
,,

,,

Greenish-brown, reddish-brown or brown amorphous
solid with $listemrrg surface upon fracture. Freely sol in
water, yielding stable soln:; SOIin acids, alkalies. One gram
of pharmaceutical grade M equivalent to 120 mg of ele-
mental iron and 360 mg of choline base.

Nore: Other combinations of iron, choline and citric acid
have been prepd for pharmaceutical use. A 1:2:2 chelate,
CzzHs’FeNZOl% was reported by Chakrabarti and Sen,
be. cit., and a 2:3:3 chelate, CatHsTFe2NaOa~P by Rosen-
felder, U.S. pat. 2,865,938 (1958 to H. Rosensteln).

MED USE: Hematinic in iron deficiency anemia.

Ferrcdolomite. #CaFe(CO,)Z_lcium iron carbonate.

Ferroglyebte Sulfate. Ferroglycine sulfate complex;
ferrous sulfate g]ycine complex; ferrous aminoacetosu[fate;
iron sulfate-glycine complex; glycine-ferrous sulfate com-
plex; Plesmet; Kelferon; Ferronord; Cl yferro; Pleni ron.
Prepn from glycine and ferrous sulfate: Rumme[, U.S. pats,
2,877,253 and 2,957,806 (1959 and 1960 to Dr. Schwarz
Amneimittelfabrik GmbH).

MED usE: In iron deficiency anemia. Dose: Oral 1-2
tablets (40-80 mg of ferrous iron). Side Eflec[s: G.I.dk-
turbances may occur. See also Ferrous Sulfate.

Ferronascin. 2,4-Dihydro.zy-3,3-efime fhylbutyric acid iron
Y&

derivative rodirssrs salt; bis(fi +.dihvdrm.v.fi Q-c+:M.*kfk.*w- ‘~
ato)ferric acid sodium ~al

,-, , -...,”...:, “,W–-.,I,,, ”U,, ,”U .,. ~.

._It; sodium bts(~, ~-dlhydroxy-~,~- :$
dirnethylbutyry l)ferrate. C~zHzOFcNaOt; mot wt 371.13. ...
C 38.84%, H 5.437??, Fe 15.05’%, Na 6.19%, 0 34.497..
precm: Schruder. U.S. nat 2.A7A.QM (lq~q tn r.!nff~nm.. #~---- ,. ..,.-.
La Roche). ‘

,.. ,. .“ . . . ... ...”....
i;. .

[rfocH2C(CH3)#HO-COO-]~Fe+++Y.’ ,,,
.

Brown soln of yellowish-brown solid. The free acid is ,~
precipitated from acetone as a pale yellow-brown powder, ~
becoming brown on heating above 150”.

StED USE: Hematinic for iron deficiency anemia. Dose:
,.v. 2 mi ( = 20 mg of iron). Side E&fs; Thrombosis of
!he injected vein, headache, flushing, G.I.symptoms may “
3ccur.

Consult the cross index before using this seetion



Ferric Hjqsophosphite

VOI 2, G. Brauer, Ed. (Academic Press.
d., 1965) p 1499. Crystal structure of a-

‘ “ C St 2SB. 1683 ( 1969). Review:
:’;-’-3”; 4, 15-30 (1959).
P Jr crystak. Loses HZO to form
I ally insol in water, alcohol. Sol in

}g watev as absorbent in chemical proccss-
1s catalyst.

c Hypophosphite. FcH606P3; mol wt
7%. H 2.41%. O 38.277’o, P 37.057.. Fe-

U.SD. 25th cd, p 573.
;h-white powder. odorless, tasteless. SOI
i water, 1200 parts boiling wate~ more sol
mce of H3P02; sol in warm coned sO1ns Of
m[ecf from Iight. Should not be heated or
doratcs, nitrates, or other oxidifing agents.
as dietary supplement for phosphors.

late Cafcium Sodium. Perrraaqua[O-glucO-
~];etm-.-h~mxtiioxo; rifermle(l– ) ca[-

(:4); morrocalcrum tetraaodium bis[pcnta-
>xy[D-g]UCOYIiWO(4– )]dioxotriferratc(3 – )];
tFecNa60 ; mol wt 1231.57. C 11.70%, H

Fe 27.2 l~i, Na 7.47%, O 46.77%.
[cmatinic.

: Nitrate. FeN,O,; mol wt 241.86. Fe
T., o 59.547.. Fe(NO, ),. Prepn: Gme[in ‘s.
‘, part B, 161-172 (1932). Toxicity study:
1., ArrL lrrd. Hyg. Assoc. J. 30, 470 ( 1969).
pale-violet to grayish-white. somewhat dcli-
np 4T. f3cc below l13W. dzl 1.68. Freely
:ohol, acetone; slightly sol in cold coned
dly in rats: 3.25 g/kg (Smyth).
ant in dyeing, wcightmg silks, tanning; as
ical chcrrristrfi as corrosion inhibitor.

c Oxide. Ferric sesquioxide; jeweler’s
Iol wt 159.69. Fe 69.94%. O 30.~~o. a-
iaturc as the minera2 herrratire. Y-Form oc-
the mineral nsoghemite prepd by dehydra-

~H): Oiovanoli, Etr-iitach, Chimia 28, 188

;411gern. Cherrr. 320,>20 (1963);
a ti..: ~lomorphic form, c-F 0~ Schra-
A

s. rspt Rend. 261, 4423 (1965). Col-
:e 0. -O, are dependent upon the size and
ticlcs and the amoun c of combirrcd water.
properties: Gmelin’s Iron (8th cd.) 59, part
; Baudisch. Hartung, Inorg. Syrr. 1, 185
s Encyklopisdie der Techrrischen Chemie ~ol.
i); Bcmal et aL, Clay Miner. Bull 4, 15-30
ogy: L. T. Fairhall, industrial Toxicohgy
ork, 2nd cd.. 1969) PP 64-66.
nposition of the substance called &Fe@3 is
{) (Bcmaf et af.).
ntiaf symptoms of overexposure to dust and
Lprreumcxoniosis with x-ray shadows indis-
m fibrotic pneumoconiosis. See NIOSH
Chemical Hazards (DHHS/NIOSH 90-1170
[rhrdl, Ioc. ci.t
mt for mbbcr, paints, paper, linoleum, cera-
>aint for ironwork, ship hulls: as polishing
prmious metals, diamonds; in electrical re-
conductors in magnets, magnetic tapes; ss
d solns as stain for polysaccharidcs.

c O~de, Saccharated. Saccharakd iron;
Iliron I. V.; Feojcctin; Ferrivcnin; Ferum
on; Nco-Ferrum; Proferrin; Sucrofer. Con-
‘e. Prepn: LIS.D. 26th cd.. p 627 (1967).
mtg 2% Fe suitable for iv. injection: Slack,
:et 256, 11 (1949).
r. S01 in water. Practically insol in afcohol.
ble in the presence of el=trolytca: Do nor
ogica[ saline!
Hcrrratinic.

c Phosphate. FcO,P; mol wt 150.82. Fe
3%, P 20.54%. FePO& Occurs in nature as
bemun ite, cacoxen ite, duj”rcn ite, korrinckite,

phosphosiderire, strcngite. f%epn from Fc(H2P0.) : RCOS1,
C/Bord]e, Compt. Rend 253.2699 (1961 k from F Co)s q

H,PO* Cate et aL, Soil SCL 88(3), 130 (1959k from p~
phate rock: Vickery. U.S. pat. 2.914,380 (1959 to Horiz&
Inc.); from mill scale and H,po,: AJexxnder. Mathcs, u.q,
pat. 3,070,423 (1962 m Chcmc!ron).

Dihydratc, white. grayish-white. or light pink. o~
rhombic or monoclinic crystals or :morphous .pow~
LOSCS water above IW. d 2.87. pmct:cally Insol m w&
Slowly sol in HN03; readily SOI in HCI. I-<s:

usE: As food and feed sISpp!Crn@. PaflicularlY in ~
enrichment; as fertilizer.

. . .
,1~

4s375. Ferric Pyrophospbate. Fc OIIP ; moi wt 7451~:
{ f prep.: G&Fe 29.98%, O 45.0970, P 24.94%. Fe, PZ07 ,.

/in’s Iron (8th cd.) s9, part B. 777 (1932h might, ~j,
U.S. pat. 3,014,784 (1962 to American oil). ‘“3

Nonahydratc, yellowish-white powder. Practicably ~
in water or acetic acid. Scd in mineral acids. s=

CJsE: AS ~laly$t; in fireproofing of synthetic fibc$$

corrosion-preventing pigments.
THERAPCAT: Hcmatinic.

%~.
4076. Ferric Sodium Edetate, ffiWv’-Ethancdiy&a@

(car boxymethyl)glyci rratoJ](4- )]-lv,.~, 0.0’, ~, ~-fe~.
(I – ) sodium; sodium [(ethylendinittilo) tetmtimfi~

(1—); (ethylcncdinitrilO) tctraacc~ic a~~i s~ium Salt ims
complex; ferric monosodium cthylencdiaminctctrsswtatg
cdetic acid sodium iron salt; sodium iron cdctalq _‘
fcrcdctatc; Ferrostrane; Fcrrowrerre; Sybrorr. C#

~Na08; mol wt 367.05. C 32.72%. H 3.30% Fe 15.21%i
7,63Y0, Na 6.26%, O 34.87% Prcpd from discdirmt el.fty&”
encdiaminctetmcctic acid and ferric nitrate SaWYes.M’

K]nnic, J Am. Cherrr. Sot. 8A 4191 (1960). ‘I*

1“m] v ‘N”

~

,“rw. .

L-*- 84
!(
r’

v,,4
Crystals from waler + ethanol.

{1
#

THERAP CAT: Iron source. .+

4077. Ferric Sodium Pyrophnaphsste. SodiUM’d
pyrophosphate. Fe, N% OMP1& mol w 1277.02~
17.4~o, Na 14.40%, O 43.85%, P 24.25%. Hydnd
FC4(P107),XHZ0. The commcrcird pro{iuct contairr~?!
16.5% Fe and 50.5-52.5% PIOS. ‘fi:4

White powder. Bulk density 1.4-1.6. Sol in hydraaftk
acid. Insol in water. 14

USE: Food enrichment. Less prone to induce d
than orthophosphatcs. .’+Q

Mm

4078. Ferrfc Substdfate Solution. Basic ferric *
solrr; Monscl’s solrr. Approx: FC,(OH)Z(SO,)S. p~ ~
FcS04 and HNO,: U.S. D. 25th cd.. p 574. ““-’W

Reddish-brown liquid. Almost odorless sour, “~
astringent taste. Acid to litmus. Affected by figb$e
1.548. Miscible with water, alcohol. May CSYS*.
solidify at low ksrrps. Keep well closed. protected fi~~~
in 0 warm place. ,,

uSE: As mordant in dycmg textiles.
!

::$
THERAPCAT: .%VDtlC. \.}J. .
THEttAP CAT (VES7: StYDtic, sstrintrmrt. c;$. .

4079. Ferric Sulfate. Ferric p-msulfat~ ferric —- }
sulfate; ferric tcrsulfatc.

A

FelO,J&; moi wt 399.8! ~
27.93%, O 48.017.. S 24.06%. FC1(SO,)Y Prcpn: ~ “’
Iron (8th cd.) 59, part B, 439462 (1932). : ,~

Grayish-white powder, or rhombic or rhomboh ‘.

uds. Very hygrnacopic. Commcrcsa3 product ussdY~*.
~Mtairrs about 20?7. water and is yellowish in color. d : .. .-

Ferroglyci

sod coppcv as mordant in textile dyeing and calico prirrt -
iog; in soil conditioners; as polymerization ~talyst,

4080. Ferric Tannate. Ferric gallotannate, Variable
comwsltl~n. Contains g-IWO f% 70-8w0 tanrun.

Bluish-black powder. lnsol in waten SOI in dil mineral
aads.

USE: In inks.

4081. Ferric Thkwanate. Ferric sulfocyarmte; fern.
sujfmyanidc. C3FCN3S,; mol wt 230.10. C 15,66%, Fe
74 27%, N 18.26Y0. S 41.817.. Fc(SCN),. Prersn: Gmelirr’$-..—
H*ndb. Anorg. Cherrr.. Iron (8th cd.) pa~ B, 7~7-76 I ( 1932),

~uihydrate. red, deliqucsc crystals. Dcc on heating.
SOIin watc~ alcohol. ether. acetone. pyridine. ethyl acetate.
pmctically mad in CHCIJ, CC14, CS1, tolucne. Keep we//
dared

USE: Analytical reagent.

4082. Ferrite. Ferrospincl. A crystalline. usuai]y
man-made material, hating is spirrcl structure and consisting
csscntidly, Of. ferric otide and at last one other metallic
oxide which IS USUalIy,. although not always, divaJcnt in
nature. When molded mto compressed bodies, the matcmd
is charactcriti by high magnetic pcrmcabili ty. T ypificd
composition: FC103 67-70%; ZnO 10- 10.5’% MnOZ ZO-

22.5%; CUO 0.1- 1~.; C0104 0.1 To. Fcrritcs are prcpd by
ccrsmic tcchnlquca. The oxldca or carbonates are milled in
mccl ball mills. ~d the mixture of very fine particles is dried
and prctircd in order to obtain a homogeneous end product:
Hilpcrt. Bw. 42. 2248 (1909). Examples of modem tech-
niques: Simpkiss Harvey. Us, pats 2,72%238-9 (both 1955
to RCA). Prcpn of single crystals: Rooymans, Colfoq. lnL
Cht Na~ Ret/L &i No. 205. 15 I (1 972). Boeks: Srrock,
New Developments in Ferromagrrenc .Warerrals ( Elscvier,
Ncw York, 1947): Smlt, Wijn. Fem’tes (John Wiley, NCW
York, 1959); Soohov. Theory and App[icatiarrs of Fem’res
(Prentice HalL 1960k Stasrdley, Oxufe .Wagneric Materials
(Clsmndon Press. Oxford. 1962); Fem”re.%Roc Int Conj.
Y. Hoshino er aL, E&. (University Park Press, Baltimore,
[971) 67 I pp; E. E. Riches. ~em”te~ A Review of Materials
and Applicarionr (Mills and Boon, Lmrdon, 1972) 88 pp.
Reviews with bibliographic Gortcr, Proc I.R.E 43, 1945-
1973 (19551 Fresh, ‘.Methods of Prcpamtion and Crystal
ChCMIWrYOf Ferritcs,”’ ibid 44, 1303-13 I I (1956); Brai]s.
ford, Magrreric MaretiLs (John Wiley. New York. 3rd cd.,
1960) pp 160.181; Hosczs, Sci An 202. 92-I(M (1960);
Economos in Kirk-Othmer’s Encyclopedia of Chemical
Techrro&y vol. 8 (Intemcicncc. ?4CWYork, 2nd cd.. 1965)
pp 881-901; Gray. .“Oxide Spincls’” in High Terrrperorure Ox-
ides, Parr IV, A. M. Alpcr, Ed. (Academic Press. New
york, 1971) pp 77-107.

Note; llrc tem “Ycrrite’. has been Cxparrdcd10 man any

ofidic magnetic matcrid.
USE: Magnetic cores for inductors and transformers;

microwave devices; information storage; electromechanical
trsnsduccra: E. E. Riches, Ioc. tit; Brockman. CerarrL Ind.
~, 24 (1972).

4083. Ferrftin. Epadora; Ferrofolirr; Fermi; Ferro-
JPrinK FcrrnataC Sanifec sidcros: Unifer. Major iron stor -
%c Protein; found in spleen, liver and intestinal mucosa of
‘~ebratca; widely distributed in the plant and animal king-
@ms. Isohr and crystallization of horse spleen fcrritin:
faufbcrg=r, BUIL ~ Chtm BioL 19, 1575 (1937); Gr~ick.
J. BioL Chern 14, 451 (1942); Crichton er al.. Biochern J.
131, s I (1973), ~nslsts of a protein shell surr0undin6 a

Wstallinc, hydratcd iron oxide/phosphate core. The core
msY contain UP to woo F&. ions utrfractlonamdi horsc-
lPkII ferritin contains approx 20% iron on a dry weight
basis. T& protti” shell, apa~erririrr, has a mol wt Of

‘U5.~. several proposed structures of protcm moiety:
Harrison, J, MOL L?ioL 6, 404 (1963); Crichton, Biochem. J.
126, 76] (1972); Nii:su ef aL. Biachem. Biophys RS COm-
‘un. 55, I 134 (1973). Absorption spectra: Granick. Chem.
~eu. 38, 379 (1946), u= of scmm ferritin and iS.Oferritins in
clinical mcdi~nc: J. W. Hailiday, L, W. Powell. Prog.
&nato/. II, 229 (1979). Reviews Han-isOn. H-” “Fern -
tin’” m /“owanlc ~imhemtif~ rol. 1, G. L. Eichhotn. Ed.

‘Sctier, New York. 1973) pp 253-277; Crichton, Angew,

Consult the .Vame Irrdcx befort
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<1>
Unique Identifier
97406844

&

Authors
Fuks AB. Holan G. Davis JM. Eidelman E.

/
Title

- Ferric sulfate versus dilute formocresol in

--

primary molars: long-term follow up.
Source
Pediatric Dentistry. 19(5) :327-30, 1997 Jul-Aug.

Abstract
The aim of this study was to compare the effect of ferric
sulfate (FS) to that of dilute formocresol (DFC) as pulp
dressing agents in pulpotomized primary molars. Ninety-six
primary molars in 72 children were treated by a
conventional pulpotomy technique. Fifty-eight teeth were
treated by a FS solution for 15 see, rinsed, and covered by
zinc oxide-eugenol paste (ZOE) . In another 38 teeth, a
cotton pellet moistened with 20% DFC was placed for 5 rein,
removed, and the pulp stumps were covered by ZOE paste. The
teeth of both groups were sealed by a second layer of
intermediate restorative material (IRM) and restored with a
stainless steel crown. This is a report of the clinical and
radiographic examination of 55 teeth dressed with FS and 37
teeth fixed with DFC, that have been treated 6 to 34 months
previously (mean 20.5 months) . Four teeth were excluded
from the study due to failure of the patient to present for
recall . Success rates of 92.7% for the FS, and of 83.8% for
the DFC were not significantly different. Four teeth (7.2%)
of the FS group and two (5.4%) of the DFC group presented
internal resorption. Inter-radicular radiolucencies were
observed in two teeth of the FS group and three teeth of
the DFC group. The latter also presented periapical
lesions. Success rates of both groups .yg.re..s~milar ~0 those

—--—---;-“—~—,-’”-—”——‘--“-— “- ,
of previo~~”tmles utlllzlng the traditional Buckley’s

.——

fo;m==ie-i+ol.
.-”
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Unique Identifier
97391944

Authors
Kim S. Rethnam S.

Title
Hemostasis in endodontics microsurgery.
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Unique Identifier
93316024

Authors
Jeansonne BG. Boggs WS. Lemon RR.

Title
Ferric sulfate hemostasis: effect on osseous wound healing.

&

II. With curettage and irrigation.
Z Source

Journal of Endodontics. 19(4):174-6, 1993 Apr.

Abstract

/

Hemorrhage control is often a problem for the clinician
during osseous surgery. Ferric sulfate is an effective

hemostatic agent, but with prolonged application to an
osseous defect can cause persistent inflammation and
delayed healing. The purpose of this investigation was to
evaluate the effectiveness of ferric sulfate as a
hemostatic agent and to determine its effect on healing
after thorough curettage and irrigation from osseous
surgical wounds. Standard size osseous defects were created
bilaterally in the mandibles of rabbits. Ferric sulfate was
placed in one defect until hemostasis was obtained; the
contralateral defect was allowed to fill with blood and
clot . After 5 min both defects were curetted and irrigated.
The repair of the defects was evaluated histologically at
18 and 46 days. There were no significant differences
between the ferric sulfate-treated defects and the
untreated controls. When adequately curetted and irrigated

from the surqical site prior to closure, ferric sulfate did
not cause persistent in~lammation or delay osseous
in comparison to controls.

<6>
Unique Identifier
93316023

Authors
Lemon RR. Steele PJ. Jeansonne BG.

Title
Ferric sulfate hemostasis: effect on osseous wound
Left in situ for maximum exposure.

Source
Journal of Endodontics. 19(4):170-3, 1993 Apr.

repair

healing.

Abstract

1+
Ferric sulfate solution is an accepted soft tissue
hemostatic agenfi or use in dermatology and dentistry. This—
study was designed to test its effect on osseous healing
when used during surgery to control osseous hemorrhage.
Standardized osseous defects were created bilaterally in
the naturally edentulous zone in rabbit mandibles. The
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----_—_ control site was sutured immediately after clot formation
in the defect. The contralateral experimental site received
ferric sulfate application until complete hemostasis was
achieved. The defect was filled with ferric sulfate
solution to maximize any effect on healing and then closed
with sutures. The experimental and control specimens were
examined histologically after 18 and 46 days and scored for
healing. Statistical analysis by Wilcoxon signed rank test
showed significant adverse effects on osseous healing when
ferric sulfate solution was left in situ.

<7>
Unique Identifier

93181319

Authors
Fei AL. Udin RD. Johnson R.

Title
A clinical study of ferric sulfate as a pulpotomy agent in
primary teeth.

Source
Pediatric Dentistry. 13(6):327-32, 1991 Nov-Dec.

Abstract
Pulpotomies were performed on 83 primary molars in 62
patients. Ferric sulfate or formocresol was placed on the
pulpal stumps, and teeth were followed for 3-, 6-, and
12-month periods. After the one-year follow-up, 28 of 29
teeth treated with ferric sulfate (FS group) were
considered successful and 21 of 27 teeth treated with
formocresol (FC group) were judged to be successful. The FS
group demonstrated greater combined clinical and
radiographic success than the FC group at the one-year
recall (P < 0.05) . Although the results of this study are
promising, further study with longer observation periods is
warranted before this technique can be recommended.
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Source
Dental Clinics of North America. 41(3) :499-511, 1997 Jul.

Abstract
There are numerous ways to achieve hemostasis. With the
abundance of hemostatic agents available and with the
introduction of new products, one has to make an objective
decision. A good agent achieves hemostasis within a short
period of time, is easy to manipulate, is biocompatible,
does not impair or retard healing, must be relatively
inexpensive, is reliable, and works best for the particular
surgical procedure. With these purposes in mind, the
following sequence is recommended to achieve hemostasis
during endodontics microsurgery. I. Presurgical: Give 2 to 3
Carpules of 1:50,000 epinephrine local anesthetic with
multiple infiltration sites throughout the entire surgical
field. II. Surgical: A. Remove all granulation tissue. B.
Place an epinephrine pellet into the bony crypt followed by
dry sterile cotton pellets. Apply pressure for 2 minutes.
Remove all the cotton pellets except the first epinephrine
pellet . Continue with the surgical procedure and remove the
epinephrine pellet before final irrigation and closure. C.
Alternatively, calcium sulfate can be mixed into a thick
putty and packed against the bone cavity. Because it is a
biodegradable material, calcium sulfate can be left in
situ. In fact, in large bone defects and
through-and-through lesions, additional calcium sulfate can
be placed to fill the entire bone cavity as a barrier
material . Healing is more predictable with little chance of
scar tissue formation. Calcium sulfate resorbs in 2 to 4
weeks . D. Small bleeding sites in the bone can be brushed
with ferric sulfate solution. III. Postsurgical: Tissue
compression before and after suturing cuts down on
postsurgical bleeding and swelling. Hemostasis is
imperative in endodontics microsurgery for better
visualization, a good environment for placement of
retrograde filllng material, and a more efficient surgical
procedure with less blood loss.

<3>
Unique Identifier
84144452

Authors

&

Shaw DH. Krejci RF. Kalkwarf KL. Wentz FM.
- Title

Gingival response to retraction by ferric sulfate

1

(Astringedent) .
Source
Operative Dentistry. 8(4):142-7, 1983 Autumn.
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A. INGREDIENT NAME;

GUAIACOL

B. Chemical Name:

Guajacd, Guaiacol, Guaicoo, Guajakoi (CZECH), 0-Hydroxyanisole,2-Hydroxyanisole,
l-Hydroxy-2-Methoxybenzene, O-Methoxyphenol, 2-Methoxyphenol, Methylcatechol,
pyrOgLltiM Acid

C. Common Name:

Austral: Waterbuty’s Compound, Belg: Baume Dalet, Canada: Cre-Rectal, etc. Various
names from different countries. Please see file.

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

(Spclj7cations) (Results)
Assay: 99.5’% min. 99.7%

E. Information about how the ingredient is supplied:

White or slightly yellow crystal mass or colorless to yellowish very refractive liquid,
characteristic odor, darkens to exposure to air and light.

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

Arg., Braz., Chil., Fr., It., Mex., Port., Rou~., Span., and Swiss.

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

H. Information about dosage forms used:

Expectorant

.



—_ L Information about strength:

0.3-O.6ml

J. Information about route of administration:

Orally

K Stability data:

Boiling Point: 205C
Melting Point: 27C to 29C

L. Formulations:

M. Miscellaneous Information:

__

Page -2-
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PRODUCT: GUAIACOL
RELEASE #: N

1.

2.

3.

.

Description

Solidification

Assay

CERTIFICATE OF ANALYSIS ?C”[>!l
----------------------- ~ 577~3

LIQUID GRADE:PURIFIED
LOT # :X49993D28 CODE:R9128201

SPECIFICATIONS RESULT
-------------- ------

Colorless liquid , Conforms
characteristic odor

point 27.5 deg C min. 28.0 deg C

99.5% min. 99.7% .D

—____

.

ATTENTIOtl: TONY HATCHETT

Date :06/06/97

9257

Our Order # 234202

Frepared by .. A.M. Sclll

Approved by

Your PO # 52d09
,

/

,/.
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QUALITY CONTROL REPORT

CHEMICAL NAME. :GUAIACOL PURIFIED (LIQUID)

MANUFACTURE LOT NO. :X49993D28

PHYSICPJ.J TEST

SPECIFICATION TEST STANDARD .:USP /BP /MERCK /NF /MART. /CO.SPECS. .—— —— — —

1 ASCRIPTION. :
WHITE OR SLIGHTLY YELLOW CRYSTAL MASS OR COLORLESS TO YELLOWISH,

1(
/ VERY REFRACTIVE LIQUID; C~~CTERISTIC ODOR; DARKENS ‘N ‘xpOsuRE ‘0

AIR AND LIGHT.

2)SOLUBILITY .:
lgm DISSOLVES IN 60-70ml WATER, lml GLYCEROL; MISCIBLE WITH ALCOHOL,

CHLOROFORM, ETHER, OILS, GLACIAL ACETIC ACID; SOLUBLE IN NAOH SOLUTION;

WITH MODERATELY CONC KOH, IT FOFMS A SPARINGLY SOLUBLE COMPOUND.

--
3)MELTING POINT.:

4)SPECIFIC GRAVITY. :

5)IDENTIFICATION. :

A)COMPLIES IR SPECTRUM AS PER COMPANY SPECS.

FAILS. :PASSES. :

CO!LC4ENTS. :

ANALYST SIGNAW. : DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :
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MATERIAL SAFETY DATA SHEET

Guaiacol,99+%
06742

**** SEcT1ON 1.c~~c~ PR()~UcT AND cOMP,4NY lDENTIFICATION ****

MSDS Name: Guaiawl, 99+0A

Q 2-Methoxwhenol
——— Company Identification: Acres Organics N.V.

One Reagent Lane
Fairlawn, NJ 07410

For information in North America, call: 800-ACROS-01
For emergencies inthe US, call CHEMT~C: 800-424-9300
For emergencies in the US, call CH~TREC: 800-424-9300

**** SECTION 2 - COMPOSITION, INFORMATION ON INGREDIENTS ****

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

l---------------- l--------------------------------------~----;---+----------l
90-05-1 IGUAIACOL I 201-964-7 I

+----------------+--------------------------------------+----------+-----------+
Hazard Symbols: XN
Risk Phrases: 22 36/38

**** SECTION 3 – HAZARDS IDENTIFICATION ****

EMERGENCY OVERVIEW
Appearance : clear slightly yellow. Flash Point: 82 deg C.
Light sensitive. Air sensitive.
Target Organs: Central nervous system, eyes, skin.

Potential Health Effects
Eye:

Causes eye irritation. Causes redness and pain.
Skin:

Causes severe skin irritation. May be absorbed through the skin.
Causes redness and pain.

Ingestion:
Harmcul if swallowed. May cause gastrointestinal irritation with
nausea, vomiting and diarrhea.

Inhalation:
May cause respiratory tract Irritation.

Chronic:
Not available.
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MATERIAL SAFETY DATA SHEET

**** SECTION 4 - FIRST AID MEASURES ****

Eyes :
Immediately flush eyes with plenty of water for at
occasionally lifting the upper and lower lids. Get

Skin:

Page20f5

least 15 minutes,
medical aid.

Get medical aid. Flush skin with plenty of soap and water for at
least 15 minutes while removing contaminated clothing and shoes.

Ingestion:
Get medical aid. Wash mouth out with water.

Inhalation:
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:
AS in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. Combustible Liquid.

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

Autoignition Temperature: 385 deg C ( 725.00 deg F)
Flash Point: 82 deg C ( 179.60 deg F)
NFPA Rating: Not published.
Explosion Limits, Lower: Not available.

Upper: Not available.

**** SECTION 6 - ACCIDENTAL RELF~E M~URES ****

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

Spills/Leaks:
Absorb spill with inert material, (e.g., dry sand or earth), then
place into a chemical waste container. Remove all sources of
ignitionl Use a spark-proof tool.

**** SECTION 7 _ ~DLING and STORAGE ****

Handling:
Avoid breathing dust, vapor, mist, or gas. Avoid contact with skin
and eyes. Use only in a chemical fume hood.

Storage:
Keep away from sources of ignition. Store in a cool, dry place. Do
not store in direct sunlight. Store in a tightly closed container.

● *** SECTION 8 - EXPOSURE CONTROLS, PERSONAJ.IPROTEC’TION ****

Engineering Controls:
Use adequate ventilation to keep airborne concentrations low.

Exposure Limits
+--------------------+-------------------+-------------------+-----------------+
I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI
l-------------------- l ------------------- l------------------- l ----------------- I
[ GUAIACOL [none listed Inone listed [none listed
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
GUAIACOL:
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.
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Skin:
Wear appropriate protective gloves to prevent skin
exposure .

Clothing:
Wear appropriate protective cloth~ng 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 _ pHYSIC~ ~ CHEMIC~ properties ****

Physical State: Liquid
Appearance: clear sl~ghtly yellow
Odor: Aromatic odor
pH : Not available.
Vapor Pressure: 7 hPa @ 79 deg C
Vapor Density: 4.3
Evaporation Rate: Not available.
Viscosity: Not available.

%

Boiling Point: 205 deu C @ 760.0~
Freezing/Melting Point: 27 - 29 deg C
Decomposition Temperature: Not available.
Volubility: 1.7 G/100ML WATER (15”C)
Specific Gravity/Density: 1.1290g/cm3
Molecular Formula: C7H802
Molecular Weight: 124.14

**** SECTION 10 _ STABILITY AND R~cTIvITy ****

_—+

Chemical Stability:
Stable under normal temperatures and pressures.

Conditions to Avoid:
Incompatible materials, light, exposure to air.

Incompatibilities with Other Materials:
Strong oxidizing agents - strong bases – acid chlorides - acid
anhydrides .

Hazardous Decomposition Products:
Carbon monoxide, carbon dioxide.

Hazardous Polymerization: Will not occur.

+*** SECTION 11 - ToxIcoLoG1c~ INFo~TI(_jN ****

RTECS # :
CAS# 90-05-1: SL7525000

LD50/Lc50:
CAS# 90-05-1: Inhalation, mouse: LC50 =7570 mg/m3; Oral, mouse: LD50
= 621 mg/kg; Oral, rat: LD50 = 520 mg/kg; Skin, rabbit: LD50 = 4600
mg/kg.

Carcinogenicity:
GUAIACOL -

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

+iT** SECTION 12 _ ECOLOGICAL INFc)~TIoN ****

Ecotoxicity:
EC 50 (24 hr) Daphnia magna: 63 mg/1

Environmental Fate:
Guaiacol is biodegradable.

Physical/Chemical:
Not available.

Other:
Not available.

.—= **’* SECTION 13 - DISPOSAL CONSIDERATIONS ****

Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Series Maximum Concentration of Contaminants: Not listed.
RCRA D-Series Chronic Toxicity Reference Levels: Not llsted.
RCRA F-Series: Not listed.
RCRA P-Series: Not listed.
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RCRA U-Series: Not listed.
Not listed as a material banned from land d~sposal according to RCRA.

—–.
“*’ SECTION 14 – TRANSPORT INFORMATION ****

US DOT
No information available

IMO
Not regulated as a hazardous

IATA
Not regulated as a hazardous

RID/ADR
Not regulated as a hazardous

Canadian TDG
No information available.

material.

material.

material.

*+** SECTION 15 - REGULATORY INFO~TION +*+*

US FEDERAL
TSCA

CAS# 90-05-1 is listed on the TSCA inventory.
Health & Safety Reporting List

None of the chenucals 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
SARA

Section 302 (RQ)
None of the chemicals in this

Section 302 (TPQ)
None of the chemicals in this

.(i~ Codes

material have a SNUR under TSCA.

material have an RQ.

product have a TPQ.

—. CAS # 90-05-1: acute, flammable.
Section 313

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

This material does not contain any hazardous aix pollutants.
This material does not contain any Class 1 Ozone depletors.
This material does not contain any Class 2 Ozone depletors.

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

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

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
California No Significant Risk Level:
None of the chemicals in this product are listed.

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: XN
Risk Phrases:

R 22 Harmful if swallowed.
R 36/38 Irritating to eyes and skin.

Safety Phrases:
S 26 In case of contact with eyes, rinse invnediately
with plenty of water and seek medical advice.

WGK (Water Danger/Protection)
cAs# 90-05-1: 1

.- Canada
CAS# 90-05-1 is listed on Canada’s DSL/NDSL List.
WHMIS: Not available.
CAS# 90-05-1 is listed on Canada’s Ingredient Disclosure List.

Exposure Limits

Page40f5
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**** sE~TIoN lb _ ~DITIoN~ INFo~TIoN +***

MSDS Creation Date: 11/03/1991 Revision #2 Date: 9/02/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liab~lity 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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Appendix 1 A A27

A coiourless,corrosiveliquidwitha pungentodour;

weightper ml, about 1.22 g.

‘x ~ormic Acid Solution, Non-aqueous A S?/. v/v sohstion
_==——=.

~f anhydrous formic acid in chloroform.
Non-aqueous Formic Acid Solution should be freshly
prepared; it is an extremely corrosive material.

D-Fructose Laevulose; QHIIOC = 180.2
General reagent grade of commerce.
A white, crystalline powder; melting point, about 103°
with decomposition; [a]~, about –92° (10°76whr in water
containing ().()5 rrd of 5M ammonia).

L-Fucose 6-Deoxy-L-galactose; C6H ,lOj = 164.2

General reagent grade of commerce.

A white powder; melting point, about 140°; [aj#, about
– 76° (9% w/v in water measured after 24 hours),

Furfuraldehyde Furfural; furan-2-aldehyde;
C,H40, = 96.09
General reagent grade of commerce.
A colouriess or pale brownish-yellow, oily liquid; boiling
point, about 162°; weight per ml, about 1.16 g.

&Galactose &X-I,zO, = 180.2
General reagent grade of commerce.
A white, crystalline powder; melting point, about 164°;
[a]&, about +80° (10°/0 w/v in water).

GaUic Acid 3,4,5 -Trihydroxybenzoic acid; C, H, O$,H:O =
188.1
General reagent grade of commerce.
Melting point, about 260°.

Gelatin Of the British Pharmacopmia.

__ Gelatin, Pancreatic Digest of
‘Lcrobiological reagent grade of commerce.

Gitoxin C, IHW0,4 = 781.0
General reagent grade of commerce.
A white, crystalline powder; melting point, about 283°,
with decomposition; [u]~, about +22° (O.5~0 wiv in a
mixture of equal volumes of chloroform and methanol),
Complies with the following rest.
HOMOGENEITY Carry out rest A for Identification described
under Digitalis Leaf applving [o the chromatoplate a
solution containing only the reagent being examined. The
chromatogram shows only one spot

D-Ghscose Dextrose; C6H,10b = 180.2
Analytical reagent grade of commerce.
A white, crystalline or granular powder; [u]~, about
+ 52.5° (lOOAww in water containing 0.2 ml of 5M

ammonia).

c&iucose Monohydrate C, HljO,,HjO = 198.2

General reagent grade of commerce.
Colorless crystals or a white to cream, crystalline
powder; [a]fl, about + 52.5° ( 10°/0 wh in water containing
0.2 ml of 5M ammonia).

Glycerol Propane-1 ,2,3-triol; HOCH,CHOHCH,OH =
92.10
Analytical reagent grade of commerce,
A colorless viscous liquid; weight per ml, about 1.26 g.

Glycerol (857.) Glycerol containing 12.0 to 16.00/0 wwv of
water; weight per ml, 1.22 to 1.24 g.

.—
‘ycerol Triacetate Triacetin; C, H,,O, = 218.2

~eneral reagent grade of commerce.
A colorless liquid; weight per ml, about 1.16 g,

Glycine AminoaceKic acid; H,NCH,.CO,H = 75,1
Analytical reagent grade of commerce,

Glycol.lic Acid Hydroxyacetic acid; HOCH,.CO,H =
76.05
General reagent grade of commerce.
Slightly hydroscopic crystals; reeking point, about 8(Y.

Glycyrrhetic Acid Glycyrrhetin.ic acid; a rni..ture of a-
astd &isomers with the &isomer predominating;
c.I&o,= 470.7
General reagent grade of commerce.
A white to brownish-yellow powder; melting point, about
292”, with decomposition; [a]%, about + 160° ( l% w/v in
chloroform).

&Glycyrrhetinic Acid 3&Hydroxy- 1l-oxo-l8~,20&01ean-
12-enoic acid; CMHMO, = 470.7
General reagent grade of commerce.
Melting point, about 293°; [a]fl, about + 17~ (IYo w/v in
chloroform).

Glyozal Bis(2-hydroxyanil) Bis(2-hydroxyphenytino)-
ethane; C,,H,INZOI = 240.3
General reagent grade of commerce.
Melting point, about 200”.

Glyoxal Sodium Bisulphite
(HOCH”SONa)Z,HIO = 284.2
General reagent grade of commerce.
A white or cream powder.

Gonadotrophin, Chononic
General reagent grade of commerce.
A whi[e or almost white, amorphous powder.

Gonadotrophin, Serum
General reagent grade of commerce.
A white or pale grey, amorphous powder.

Green S CI 44090; EI.42; hsstine green;acidbrfifiant
green BS
Indicator grade of commerce.

Guaiacol o-Methoxyphenol; CHJO”C,H4.0H = 124.1
General reagent grade of commerce.
Colouriess or pale yellow or pink crystals with an aromatic
odour; melting point, about 28°.

Guaiacol solution A 5% w/v solution of guaiacoi in
ethanol (960/6).
Guaiacol Solution should be protecred from ligh~.

Guaiacum Resin Resin obtained from the heartwood of
Guaiacum officinale L. and Guaiacum sanctum L.
Reddish-brown or greenish-brown, glassy fragments,

Guaiacum Tincture Macerate in a stoppered flask 20 g of
guaiacum resin with 100 g of ethanol (80%) for 24 hours,
shaking occasionally, and falter.

Guaiaztdene 1,4-Dimethyl-7-isopropy lazu)ene; C}H18 =

198.3

Genera] reagent grade of commerce,
Dark blue crystals or a blue iiquid; melting point, about
29°.
Guaiazulene should be protected from light and air.

Guanine 2-Aminopurin-6-one; C,H,N,O = 151.1
Genera] reagent grade of commerce,

Heavy Metals Masking Solution To 2.0 ml of 2M

amrnorria add, in the following order, 1.5 m] of a Jo/o w/v

solution of ammonium oxalafe, 15 m] of a 50/0WJ/Vsolution
of poms~ium cyanide, 45 ml of a 100/0w/v solution of
sodium acetate, 120 ml of a 50°/0 WK. solution of sodmm
[hiosulphate, 75 ml of a 10O/oW(Vsolution of sodium acelate
and 35 ml of 1M hydrochloric acid.
Hea\-y Metals Masking Solution should be prepared
immediately before use.
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PREPARATIONS ‘!The main c~mtituenc is o-mcthoxyphenol, CH jO.C,jH..OH = 124.fi
Eupborbia Liquid Extract [BP C. 1949). Ext. Euphorb. Liq. I in I : W! per ml (liquid) irbout 1.12 g: m.p. (cryslals~ ~bOut 28’. It tends t04
prepared by prcokrtiorr with .iIcohol (45?:).Dost’: 0.12 [o0.3ml. bceome yellowish on exposure to light. ,f~

Mist. Euphorb. CO.(N F. 1939). Euphorbia liquid extract O.6ml, po(assium soluble 1,in 80 of wa[er: miscible with alcohol. cblor,oform. ether, glacial’

iodide 450 mg. sodium bromide 450 mg. glyceryl trinltrate solution acetic acid. and fixed tnd volatde OIIS: soluble I In I Of glycerol but .

0.06 ml. ethereal lobelia tincture 0.4 ml. water to 15 ml. Dow 15 ml. separates out on the addition of water. Incompatible with ferric sal~.:

AMENDED FORMULA. E:!phorbia liquid extract 0.5 ml, pocassurm iodide
Proteet from hght. ‘.qj

450 mg. sodium bromide 450 mg. glyceryl trirr!tmle solurion 0.05 ml.
Guaiucol has dlsinfectmrt properties simillr LO those of creoso!e. It ~;

p~~$~$ane% , : ‘

ethereal lobelia tincture 0.4 ml. water to IO ml. —Compwrcfium of PUS(
torant. Toxic ej~ecrs: m for Phenol. P. 529. DotiIi

Formulae /933 fo /966. London. The National Pharmaccu!ical Union.
1969.

I

i

I

lF-

NOTE.Eupborbium (B. P. C, 1934. Ne{h, P., Nerd. P., Porr. P., Span. P..
.Swim P.) is the dried latex from the stem of Euphorba rcsirriferu. Itis
~metic ~nd powerfully purgative but it is not used internally on
accounl of its violent action and its tendency to CWMCacute nephritis.
The powder is violently sternutalory. Externally, it acts as a veslcant and
was used for this purpose in veterinary medicine.

Garlic (B. P.C. 1949. Span. P.). Allium: Ail

The fresh bulb of Allium $a[iwm (Liliaceae). It has a very strong
and disagreeable odour and a strongly pungent and Persistent taste. It
yields 0. i to 0.3°& of a volatile oil containing ailyl prrrpyl disulphide
md diallyl disrsiphide. Stored in a cool dry place with free access of air
It may b kept for about 6 months after harvesting.
Garlic hasexpecformrt. diaphore!ic. disinfectant. and diure!ic prop.mies.
and ihe ju!ce was formerly used alone or in a syrup in the trea(ment
of pulmonary conditions, Precarcrions: administration Of prePdr’d(lOIrS of
garlic to children is dutgerous and fwalities have been recorded. Dose: 2
to 8 g,
The Iarvicidal principles of gdic active ~gainst the Culex mosquito
were found to be diallyl di- and trisulphides. Natural and synthetic
samples proved fatal m 5 ppm. —S. V. Amonkar mrd A. Bm’tergi.
Science. W’rdr.. 1971.174. I341.
A report of allergic contact dermatitis to garlic.—E. Bleumink ef a{., #r.

J. Derm.. 1972.87, 6.
Garlic jutce and the extracted essential oil prevented the hyperlipaemia
and blood coagulation changes following fat ingestion in 5 healthy
subjects.-A. Bordia and H. C. Banxal (letter), Ldncef, iij1973, 1491.

HYPERTENSION.hr 5 consecutive CdSCSof hypertension. garlic reduced
the blood pressure to satisfactory Ievels.—V. Sriniwrsan (letter), Ldrrcer.
iil 1969, 800.

PREPARAllONS

Garlic Juice (LW.C. 1949). SuccusAlIii. Bruise garlic 80 g and express the
juice: mix the mare with waler 20 ml and again express the liquid;
repeat the operation until the volume of the mixed juice and washings
xmounts to 80 ml, and add alcohol (90~~)20 ml; allow to stand for 14days.
and decant or filter. Dose: 2 to 4 ml.

Gartic Symp (L?.P.C. [949). Syr. AlIii. Garlic juice 20 ml, sucrose 80 g,
dilute acetic acid 20 ml, water 20 ml. Dose: 2 to 8 ml.

Grindelia (B.P, C. 1949). Grindelia Robusta; Gum Plant; Gumweed;
-Tar Weed.

Foreign Pharmacopoeia: In Span. In Be/g. and Bra:. which allow also
the dried leaves and flowering lops of the marsh gumweed. G. Irrcrrrdi$.
and of (he curly-cup gumweed, G. sqrmroscr. in Fr. and PorI. which
allowalsoG.sqmrrosa.
The dried leaves and flowering tops of the field gumweed, GrmJe/itr
camporum (Composite) contoi ning not less than XE: of alcohol
(W~)-solcrble extractive. Sore in a cool dry place.
Grindelia has expeclorwst properties and has been st~!ed to exert a
spasmolytic effect. It has been used as J liquid extrac! in the trutment
of asthma and bronchitis. Large doses sonset imes cause renal irritat Ion.
Its nauseous taste may be masked with chloroform or glycerol.

PREPARATIONS

Grirrdelis Liqrrid Exsrxet (B. P.C. 1949). Ext. Grindel. Liq. Grmdelia 100g
E exhausted by percolation with alcohol (90”/.), the tiicohol is removed
bydisrillatiorr. and the residue is dissolved in water 50 ml to which 10g of
sodium bicarbonate has previously been added; after effervescence
has ceased, the solution is adjusted to 100 ml with alcohol (90”~) and
filtered. Lke:O.6to 1.2 ml.

Gacsiacol (~1949). Gaiacol; Methyl Catechol.
For~

—.
Jt’tus: In .4rg.. Bra:.. Chii., Fr.. II., .Uex., PorI..

Roum.. .$rran..and Swim.

A co~ourlessor almos~olourless oily liquid or crystals with a penetrating
aromatic urtour and a causrlc msle, obtsined as a liquid by fracuonal
distdlation of wood-tar creosote or, usually as crystals, by synthesis.

Guaiacol Carbonate (S3.PC. 1949). DuoIaJ. (CHJ0c0H4.0)2.C+
274.3.

Forrign P6urmucopoeicrs:1rrChd.. Porr.. ~nd Spun.
.4
-s’4

Guaiacol carbonate is the carbonic ester of gu~i~~Ol. lt is a white, SIM$
odourless. msteless, crystalline powder. M.p. 83’to 88”. -!U
l~luhie in water: soluble I in 70 of alcohol and 1 m 20 of ethe~
readi]y soluble inchloroform: slightly soluble ln glycerol and fixcdoi~
It is decomposed by alcoholic potassium hydroxide solutlOn and guaiaed
separa~es from thesolcrtion on theaddition ofexcess acid.
Guaiacolcorborra!e has the octions ofguaiacol but is less irritant; ~
Iiherams guwocol slowly and irrcompie@ in (he in~estm~, thelargi.
part passing through the alimentary tracr unch~nged. Dose: 0.3 to 1g.$

Guaiphenesirt (B. P.C.). GtsisiacYl Glyceryl Ether; Guaiai~
Glycerol Ether: Guisifenesin ( LT..S.N.F.): Glyceryl Guaiacolate
Glycervlguayitcolum. 3-(o-Methoxyphenoxy )propane-l,2diof!

,0i=198.2. ‘w
ForeigrrPharmacopoeias. lnC:. orrd Ruum. Also in L’.S.,V.F. ‘u

,,,
Dose: looto~o omgever yzto~hcsurs. .4
While odourless or almost odourless crystals or crys~$
aggregates witha bitter mste. M.p. 80” tog2”,
Soluble 1 in 33 of water at 2(Y, 1 in 11 of alcohol and
chloroform. and I in 200 of ether: soluble 1 in 15 of gly~
with warming, 1 in 15 of propylene glycol, and 1 in 80 {
sorbitol syrup. A 2~0solution in water has a pH of 5 to 7 .a
is clear and colorless. Aqueous solutions are stable and~
be sterilised by autoclaving. Store in airtight containers. ~~~

Toxic EfTectsand Precautions. Side-effects are rare with gu
phenesin. Gastro-intestinal discomfort and drowsiness;~
been reported.

X
A metabolizeof guaipbenesinwas found to produce an app.,
increasein urinary S-hydroxyindoleacetlc acid. and guaipheneainco
thus interfere with the diagnosis of the carcinoid syndrome. Astbsd
patients being evaluated for the carcinoid syndrome should the@
discontinue wry preparation containing guaiphenesin for 24 hours h
the collection of urine specimens for the determlrra(ion of 5-hy~
indoleacetic acid. Acetanilide. mephenesin. and methocarbamolha
reported 10 cause similar false positive reactions, md hexamire~

delate and some phenothiazine derivatives [o cause false nc@
reactions.–A, T. Pedersen CI al.. J AM, med. AM,, 1970, 211, [i!
See also P. D. Reeme, Hosp. Formrd. ,kfgmr, 1970,S. 15, per ht. p@
Abstr . 1973.10.26.
Hy~uricaemia (serum-urate concentrations of less than 20 #g ~~
6 patients could have been due to guaiphenesin. Therapeutic do=
3 days reduced serum urate by up co 30 pg per ml in 4 patwr!s.~
Ramsdell and W. N. Kelley, Ann. intern. Med., 1973, 78, 239. ;’~

Absorption and Fate. Guaipttenesin is readily absorbed~~
the gastro-intestinal tract. It is rapidly metabolised and excnl
in the urine. ::4
Gualpherres}n was rapidly absorbed from the gastro-intestind ~
blood concentrations of 1.4 ~g per ml occurring 15 minutti d
do= of 60+3mg m 3 heaitby fasting men, It was rapidly eliminated-~
the circulation. having a half-life of I hour. ~nd was not detectable ~
bloOd after 8 hours.—W. R. Maynard and R. B. Bruce, J, pharm.”
1970, 59, 1346. .t
The major urinary metaboiite of guaipbenesm was identified .’-

3methoxyphenoxy) lactic acid.—W. J, .4, vandenf+euvel er al., ~.

Sci.. i972. 61, J997. a
t+es. Gwriphenesin is reported to reduce the viscosity of.~
CIOUS sputum and is used as an expectorant in cough I@
and tablets. Jfi
When given by mouth or by injection in large doses,: i
phenesin has a relaxant effect on skeletal muscle sird~
that of mephenesin which it closeiy resembles structurally
this eflect ISnot produced by the doses normally employed ~
treatment of cough. -“~
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~~acol has disinfectant properties and has been
~ ~ anexpectorant (see p.1059).

~ Adverse effects Zre similar to [hose of Phenol,
. .

tics

teine (29+3Y)
generally considel

more effective m
p.1567.

I J.$er EGH DOUI
rmn oigum mew

Preparation!
F4.unc. of pmpawi,

PrOpriecaryPrep
IIU1..Brunceni.

@fNN).

rahyd,mruoxo-3-thleny l)cabamoyl]methy l}thjo) p.11~1.
~ W,ide rWe of,sal~saJld,derivativesofguaiacol

~),e been used slmdafly mciuding the carbonate,
~mo[e. ethylglycoktte, calcium and sodium gly -

~lO1es. pheny hcetare, md pfrenylbutyrzte. See also

Gu~Phenesin. p. 1069 md Potassium Guaiacolsul.

foaate,p. 1074

)4s —- .3.

46 +.
hydrochloride).

,. ..,.

*

,1.
..1.-.

Fominoben hydrochloride is J centrally; ‘ “.
cough suppres=nt (see p. i 059) which is also ‘~, ~
ed to have respiratory stimulant properties. h u~,,

en in doses of 160 mg two or f~ee rimes drdy~~ >

mouth: it has alsobeena venW SIOw iratraved
injection. ! h

Referencm. “?3
1. SasakiT..1 al. Effectsof (he~ntl(us~lvefOmlno~n(7B8@’

hypostatn chromeubs1mc1lvc lung dlw=: comprim i
dcxmomwthorphanuwng Adouble-blind method. 1 Int I
1985.13: ‘+e-Iol. >&

:..[*
Preparations ‘i
N~C~OiOmparauOns we li~[e~ *lOw. cJe[~is ~ tiven ~%

ne is being studied for use as a mucol~tic

Guaiphen
Guafphenesm (8A

Glyceryl Gualacol

Ether Guamcyl (

Guatfenesma; GUJ

3-(2 -Methoxyphel

C,0H,40, = \9g

CA5— 93-/4-/.

Phormacopoem. Ir

hr.. SWISS,and W
The standards of PI

ues to the Conve,
macopoela, see p

A whlie m sllghd
a digh[ character

BP solubiiities a
colml and m dI10
bilitles xe: solub
In chlmoionn, ar

gJycerOl. A 170 M

SyCUphas ~ pH oi

Adverse Effe
Gastro-intestir
reported with

nausea and VO,

Pharmacok
Gwtiphenesin
tract. 1[ is met:

iictyon (2012-,)

I Balm: Yerba Santa.

8013-08-9.

:d Iewes of .Eriodicvcjn ca@mic’{/m (Hydrophyi-

[-

k-...

&~ki.in

&

ient prepandons& w~ ,’- Om-
dg.. wmeQjdccEkexolt: oocLc Brim: EucI-

. ,.:-W@E:;;
codinc Le BnJn: Inalpm unud.

~ft< @Xfcmt: 0-ss; VI
~, BidyplOl, BI-QUI-NOI:Bm~hdcmlfle; Bronchmccnne
~ cird C~ph@y.p~Oi QulntneT: Cmph,xal!ptol Simplc~:
~phc+meumme; Ehx!r Dupeymux+: Es,e.ce ,Algcnenne; E.-

OJWUIU A$plnne Qutm@,: Eucdvp[ineb Brun.Eucd~m”c
~Jc~me~ Eucd~p(o>pmne~:G.wmol: PuJmo,~rum: Rw-

%?m.\p.lm!.: z,ltdo-
@dml: 5mp Bom lieucaJy~: Valda cc Anmtd C.unphert;
AWSrdt: Cobedt: DIJes-BaJsaM; Perkx ,

@
Bti zyn@-Kt’ w. A~covlt*: B~Opulmin*: Bronco Vdda*:

h ~dipcina; Fo$ IXOL Glicocmnamkna,; Gumvlomu>t:
@ 01=..3+, otor-P ~ma BaJsmrico~:bcwcol: Lqwb

t ws F@mJlmle)~: S.~fK: C~:ilix* .S N Angmum~, Anufcr-
tn BdsmIcof: BlmOxI .$fWCI~IIKE BrOncu AUPIIle.C: Bronco.’

! AX@X Fume: Bronco AsepIdcx Tewat: Bmncolioc-: Bro”quI.
$’ M Bronqulmz NV: 8nmqutmm W A: Eduw! FIC Rectal: Eu-
“ dymsp!rim: Euc~@~wnne t-xc M w n
~ ~&m Polnro Hidr~ml$: To, M., &gon:~:;

Pbalcodk R “O~p[d-N*,,mpl~>Orogon 8Jlm, polrn;
“blanche”+ Afrol, RectowpM1-Wo

f ::;:&m:@.l_

:tyon has been used as an expectorant. It has
en used to mask the taste of bitter drugs.

wations
,i prcpamionsweJismdb140W: de~l~ XC Wen m pW 3

XX-Y Pr=p-ti Ons

Igredlenc preparations. G#c:Mistcl m*: [wI.: Browo-

Glaucine (192s.sI

4

milt”
% ‘“

Boldine Dtmechyl Ether DL832 (dl-glauctne phosp~~ ‘i

Glaucme: MDL.832 (dl-glauclne phosphate). M- 1.2.9,~~

cmmethoxyaporphme- S):4 ~q

C1,H>SNO, = 355.4
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YICysteine Hydrochloride
W

-2.ammo-3 .mercaptopmplonate hydrochloride
<.

Guaiapate ~INJW
Guaapate (USW rfNN).
JIG-5454. 1.{2-~-(2-o-Mechoxyphenoxyechoxy)echoxy]e.
d@}pipendine.
C,0H19N0, = 323.4.

CM – 852-42-6.

NOZS, HCI = 185.7.
— 34 I I -s8-3 (ethyl cysre~ne). 868-59-7 (cfhY~

phosphate); 475-8 I -LJ (d-glal

cm hydrobromlde). >[
.ne h~drochloride,l.

Glaucine is J centrolly acting cough suppfi

(see p. 1059) which ~JS been studied = tie
phate. 4

d-Glaucine has been used as the hydmbm~&J
the hydrrxhloride as a cough suppressant in &
Europe. It has been obtained from Claw
(Papaveraceae).

!.;am,
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I cysteine hydrochloride is a mucolytic agent

?. {059) used in the treatment of disorders of the
ratorv tract associated with excessive or vis-
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Preparatic
!4Wnc$ of preps

Guaiapate has been used as a cough suppressant. II
is reported to have central actions.

Guaietolin (12795.w)

ketolin (rfNN).

@etylguechot Glyguecol. 3.(2. Echoxypheno~)pmpane-
I Jdlol.

CIIH,,O, = 212.2.

G5 – 63834-83.3.

Guaietoiin is an anafogue of guaiphenesin which is

Wxf as an expectorant (see p.1059). It has been giv-

en by mouth in doses of 300 to 600 m.g two fO [hree

fimes daily.

preparations
f%m ofprc.p~,,~ns~ Ii$mj&iow: d?m,[. UC$!wn InPm 3.

‘m@tary P~pXtionS
Fn. Gutthurai,

Guaimesal (1749,,
~lmec.1MNN).

~)~-(mMetio~pheno~)-2 -methyl- 1,3-benzodfoxan-4-
%.

C16HI,05 = 286,3.

‘S -81674.79.5,

Gualmesoi is repofied to have an[i-inflammatory,

~[ipyre[ic, ~nlloe~lc, and mucolytic propertiesand
b been oiven (y mouth in a usual dose ot’ 500 mg
~0 to fh~ee [lmeS cjaily as m adjuncr in the fre~~-

Orem of JCu~e ~d chronic infections of [he respira-
~p lrac[, [[ hm 3]s0 been ~dmlnistered rectJIIY in

‘PPo$i[ories,

~Wnesal h~$ ~,.” ~eW~ed to Ireprove fm m cough fre -

*RCY md i“[ensit~, ~d ~P”[”m VISCrJSIty UT P~UCntS wl!h
‘k Orchronlc bm~hi(ls.) However, as SUkd in the ~iscus-
~W & mIn2ge~”t Ofc~ugjNJXp.1059)OIUCdytiCs ‘e

parations
!>oi preparationsxc listed below; &wls arc given m FhcJ3.

,rieeary Preparations
Iudlxant.

hyl Orthoformate [5618-c)

r de tiy Tnechoxymechane. Trlethyl orchoformate.

{,603 = 148.2.

— 122-5/ -o.

,macopomos. In Fr.

- glaucmca mIrOJ.SIve agcn!s.SfrJ Chn PI

lyl orthoformate is a cough suppressant (see
059). h is reported to be a respiratory aotispa$
]dic and is administered by mouth or rectally.

Guaceusal(rINN). ,,$

Acetylsalicyhc Acid Gua,acol Ester. o- Methoqphenfl ~

acecate. :,4
c,A405 = 2063 , r;reparations

mes of preparauons are listed below: details we g!ven In PacJ3. CAs — 55482 -89-8

Guacetisal has been used in respiratory dis:~,,~
W-Icxpectofant (see p. 1059). It has also been@
an antipyretic to reduce fever. ffte more usu~ f .. . ..
ment of which is discussed on p.1 Doses of 5@,x ‘
have been administered by mouth two to ~e~
dailv. h has also been administered rectallY., ~~

~ptieraky Preparations
{c ,4etione; Fr. Aethone.

dti-ingredient p-pamti0n5. S~~lr: .“ Recmqumlyl: RcMo-

tmyl-PromWm2me.

—

edrilate 6619 K) .
Preparations

iiq

Ywne>oiprcpxabom acelisted below; deluls wc SIVCfiti~
‘*P

Proprieewy Preparations
.,!

Id.: Balsaceul, Bronc&spm; Guaimpm Gu~jabronc: =$

:dn late (rfNh9.

idnlacurn UCB-3928. I -Methyl- 3-moTholinopropyl perhy -

-m4-phenylpyian .4-carboxy lace.

,10H19N0, = 3475.

AS—23271-74-I. .-.
A- @;

q@iacnl @o16-2)
,.g *
,rqa

Gualacot Methyl Catechol.
Id*

CAS — 90-05-1 (guolocol); 553.17.1 (guaiacol:~o!
ace); 60296 -02.8 (colcwm guo!ocolglyco lore); +
/ UOIIJCOIphenylocetore).,.g “7

flharmC~~,cS. 1“W , Fr., md SWISS.~~so inclub~

acol carbonate i &

The main constituent of gUaIaCOl IS ~-meIhOx~
CH,O.CfiHt.OH = 1241. q

d

kdrrla[e is a cough suppressant (see p. 1059) which
las.~ ,iven by mOuth aS the m~leate in doses of
iO e to six times dally.

Preparations
.4:1KKSOf prepanmoni Xe hwcd beluw, delalls Se given m Pm 3

proprietary P~ParaCiOnS
~..~fr Corbws; Wk~cUS~‘s”’
Multi-ingredient preparations.
—
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tines, the larger part passing through the alimentary
tract unchanged.

2018-k

Cuaiphenesin(B.P.). Guaiacyl Glyceryl Ether:
Gtmiacol Glycerol Ether; Guaifenesin (fJ.S.P.);
Glyceryl Guaiacolate; Glyccrylguayacolum; Guaj-
awlum Glycerolatum. 3-(2-
Mcthoxyphenoxy) propane- 1,2-diol.
CIOH1404== 198.2.

CAS — 93-14-I.
Pharmacopoeias In Ausr., Br.. Cz.. Roum., and U.S.

White or slightly grey crystals or crystalline

Wwwat=. odourka or with a slight characteris-
tic odour and with a bitter taste. M.p. 78° to
82° with a range of not more than 3“.
soluble I in 33 of water at 20”, I in 11 of
alcohol and of chloroform, and I in [00 of ether:
soluble I in 15 O( glycerol with warming, I in 15
of propylene glycol, and I in 80 of stvrbitoi syrup.
A 2% solution in water has a pH of 5 to 7.
Aqueous solutions are stable and may be sten-
Iiaed by autoclaving. Store in airtight containers.

Adverse Effects asrd precautions. Gastro-intestinal
discomfort and drowsiness have been reported.
Very large doses cause nausea and vomiting.
A metabolize of gualpheneain was found to produce an

apparcn! incr=,= in urinary 5-hydroxyindoleac@ic acid,
and gualphenesm could thus interfere with the diagnosis
of the carcinoid syndrome. Patients being evaluated for
the csrcinoid syndrome shouid therefore. discontinue any
preparation containing guaiphenesin for 24 hours before
the collection of urine specimens for the determination
of 5-hydroxy indoleacetic acid. Acetanilide, mcpherresirt,
and methocsrbamol had been reported to cause similar
false positive reaciions, and heramine mandelatc and
some phenothiazine derivatives to cause false nega~ivc
reactions. — A. T. Pedersenet al., J. Am. med. Ass.,
[970, 2/1. I IB4. See also P. D. Reeme, Hosp. Formrd.
Mgmt, 1970, 5. 15, per In:. pharm. Abstr., 1973,IO.
26.
Hypouricaemia (serum-urate eoncentrationa of leas than
20 ~g ~r ml) in 6 pahents could have been due to
guaiphenesin. Therapeutic dcaea for 3 days reduced
serum urate by Up to 30 Kg per ml in 4 patients.— C.
M. Ramadell and W. N. Kclley. Arm, intern. Med..
1973.78, 239.

Absorption and Fate. Guaiphemsin is readily
absorbed from the gastro-intestinal tract. It is
rapidly metabolised and excreted in the urine.
Guaipheneain was rapidly absorbed from the gaswc-
intestinai tract. biocd concentrations of 1.4Pg per ml
occurring 15 minutes after a dose of 6W mg in 3
healthy fasting men. It was rapidly eliminated from the
circulation, having a half-life of 1 hour, and was not
detectable in the bload after 8 hours.— W. R. Maynard
and R. B. Bruce. J. pharm. Sci., 1970, 59, 1346.
The major urinary mctabolite of guaiphenesin was
identified as $(2-methoxyphenoxy )lactic acid.— W J.
A. VandenHe.uvci et ai., J. pharm. Sci.. [972, 61. 1997.

Uses.Guaiphenesin is reperted to reduce the
viscosity of tenacioua sputum and is used as an
expectorant. [t has been given in doses of 100 to
200 mg every 2 to 4 hours.
When given by mouth or by injection in large
doses, guaiphenesin has a relaxant effect on
skeletal muscle similar to that of mephenesin
which it closely resembles structurally, but this
effect is not produced by the doses normally
employed in the treatment of cmtgh.
Guaiphenesin was no better than water in lowering the
viscosity of 27 sputum specimens obtained from chronic
bronchitis. Doses of 0.8 to 1,6 g daily had no effect on
sputum or respiratory function when compared with
placebo in 1I patlmts with chronic bronchitis.— S. R.
Hirsch e! al., Chest, 1973, 63, 9.
From a study in 239 patients it was reported that guai-
phcnem reduced cough frequency and intensity m
patients with dry or prorknve cough, and helped to
thin sputum, when compared to placebo.— R. E. Robin-
son er al., Robins, Curr. fhd,r. Res., 1977. 12. 284.
A report of a double-blind cros-sever study m 19 pailenm
with chronic bronchitis showed lhat guaiphenesin wm

not significantly better that a placeba in aiding cletr-
ance of secretion from the lungs.— D. B. Yea[es et al.,
Am. Rev. resp. Dis.. 1977, 1IS. Suppl. 4, lg2.

Ji’’Jecr$as blood A dme of 200 mg of guaiphenesin was
fOund to prolong the activated-piasma clotting time in
22 healthy volunteers. The same dose, given to 12
healthy volunteers, was found to reduce platelet adhc-
sivmess significantly.— R. D. Eas!ham and E. P. Grif-
fiths, Lmrcet. 1966, 1.795.
Guaipfrmesin 200 mg given as a single dose 105 healthy
subjmts was associated with transient abnormality in
platelet aggregation patterns determined I hour after
ingestion, showing some inhibition of secondary aggrega-
tion bu! 1- marked than lhat observed in other sub-
jects given chlorpromazine or. aspirin. Mean bleeding
times as determined by a mcxhtied Ivy technique were
prolonged by single dosea of aspirin but were not
affected by guaiphenesin: thriczdsily daaea of indome-
thacin given for 3 days caussd some prolongation.— G.
R. Buchanan et al., Am. J. cfin. Path.. 1977, 68. 155.

Preparatiorvs
CrrsikeesiuCqrxdea(rJ.S.P.).Capsulescontainingguai-
phenesin.Storein airtightmntainers.
Caaifesreaim Syrup (fJ.S.P.). A syrup mntaining guai-
pheneain and alcohol 3 to 4%. PH 2.3 to 3. Store in
airtight containers.
Casxif- TAdata (U.S.P.). Tablets containing guai-
phenssin. Store in airtight mrrtainem.
Cssaipkmesia Lisaetuscs. (I) timorr-jlmoured. Guai-
phenesin 2 g, glycerol 10 ml. chloroform spirit 10 ml,
menthol 10 mg, mmpound rsrrrszine solution 0.2 ml,
water 10 ml, modified lemon syrup to 100 ml.
(2) To/u-j7awsrred. Guaiphenesin 2 g, glycerol 10 ml.
chlorofomr spirit 10 ml. menthol 10 mg, amaranth solu-
tion I ml, tohs solution 10 mi, invert syrup 20 ml, syrup
to 100 ml.
Modi~ed bran syrup mrnaina lemon spirit 0.5 ml.
citric acid monohydrate 2.5 g, inveri syrup 20 ml, syrup
to 100 ml.
Both Icmon-tlavoured and tolu-ftavoured guaiphenesin
linctuses remained stable for 6 months when slored at
lemperaturea from - 5“ to 37*.— Pharm. Sec. Lab.
Rep. No. P/6S/21, 1%S. See also G. Smith, Pharm. J.,
1966, 1.165.

Proprietary Preparatiorrs
Diasataxa Expectorant (Robins, UK). Contains in each
5 mi guaiphenesin 100 mg, brompheniraminc maleate
2 mg. phenylephrine hydrochloride 5 mg, and phenyl-
propanolamine hydrochloride 5 mg (suggested dilucnt.
syrup). Direotaas Expsctosant DC cantains in addition
hydracodone tsrtrate 1.8 mg in each 5 mi. Dose. S to
10 ml four times daily; children, 1 to 3 years. I to
2.5 ml; 3 to 6 years, 2.S to 5 mk 6 to 12 years, 5 ml.
Dirsrotaw, with Codeins (Robins, UK). Contains in each
S ml gualphenesin liXt mg. codeine phosphate IO mg,
brompheniramine maleate 2 mg, phenylephrine hydro-
chloride 5 mg, and phenylpropanolaminc hydrachloridc
S mg (suggested diluerrr. syrup). For cough. Dose. 5 to
10 ml four times daily.
f3imorarse with Codeins Paedistie (Robins, UK). Con-
tains in each 5 ml guaiphenesin 50 mg, codeine phasp
hate 3 mg. brompheniramine maleate I mg, phmryl-
epbtine hydrochloride 2.5 mg, and phmylpropanolamine
hydrochloride 2.5 mg (suggested diluent, syrup). Dose. 3
ta 6 yearn. 5 ml four times daily; 6 to 12 year% S to
10 ml.

Exypbesr (Nor!mr, UK: Vestric. UK). An elixir contain-
ing in each 5 ml guaiphenesin 80 mg. brompheniramine
maleate 2 mg, pherrylephrine hydrochloride 4.75 mg, and
phenylpropanolamine hydrochloride 5 mg. For cmgh.
Dose. 5 to10ml four tire= daily; children, 2.5 to 5 ml
three or four times daily.
Norartsarr Brasrcfrial Syrup (Norma. UK: Farif/on, UK).
Contains in each 5 ml guaipherresin 25 mg, diphenhyd-
ramine hydrochloride 5 mg, diprophylline 50 mg, and
ephcshine hydrochloride 7,5 mg. Dose. 10 ml every 4
hourx children over 5 years, 5 ml.
Ptsolcomed Expectorant (formerly known as Pulmodrine
E~pector?nt) (Medo Chemicals, UK). Contains in each
5 ml gualphcnesin 62.5 mg and mcthylcphedrine hydro-
chloride 625 kg. Dose. 10 to 20 ml thrice daily: children,
2.5 to 5 ml.
Rdsirrsssirr(Robins, UK), An expectorant mixture con-
taining in each 5 ml guaiphmsesin 100mg (suggested
diluent. syrup). (Also available as Robitussin in
Auslral.. Canad.. Ital.).
Robitmain AC (Robins, UK), Contains in each 5 ml
guaiphen~in 100 mg, codeine phosphate, 10 mg. and
pheniramlne malcate 7.5 mg (suggested djlueni, syrup).
For roughs. Dose. 5 to 10 ml four times daily; children,
6 (o 12 ymrs. 5 ml.


