
A. INGREDIENT NAME:

J)IMERCAPTO-1-PROPANEWLFONIC (DMPS)

B. Chemical Name:

DL-2, 3-Dimercapto-l-Propanesulfonic

C. Common Name:

DMPS, Unithiol, Dimaval, Mercuval

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

(Limit-MinMi) (Results)
Assay: (Iodometric) 95% 98.2%

E. Information about how the ingredient is supplied:

Fine, white, crystalline powder, odorless

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

~ Formulations:
_.—.

M. Miscellaneous Information:
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QUALITY CONTROL REPORT

/’4CHEMICAL NAME .:DIMERCAPTO-l- PROPANESULFONIC
<

MANUFACTURE LOT NO. :NA0487

PHYSICAL TEST

SPECIFICATION TEST STANDARD. :USP /BP /MERCK_/NF_/WT._/CO. SPECS._.—.

l)DESCRIPTION .:

f
FINE, WHITE, CRYSTALLINE POWDER; ODORLESS.

2)SOLUBILITY .:

FREELY SOLUBLE IN WATER; SLIGHTLY SOLUBLE IN ALCOHOL AND IN MET~oLT

3)MELTING POINT.:

MELTS AT ABOUT 230-235 DEGREE.
Y’

~_- .
4)SPECIFIC GRAVITY. :

5)IDENTIFICATION .:
A)COMPLIES IR SPECTRUM AS PER COMPANYSPECS.

PASSES. : FAILS .:

COMMENTS .:FULL NAME. :DIMERCAPTO-1-PROPANESULFONIC ACID SODIUM SALT 2,3.

ANALYST SIGNATURE.: DATE. :

PREPACK TEST. : DATE. : INITIAL. :

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

D1-2#-Dimercapto-l-PropanesuKonicAcid, Sodium Salt, Monohydrate 95%
02225

**** SECTI(JN ] - c~JMIc~, PRODUCT AND COMPANY ~~NT~IcATIoN ****

MSDS Name: D1-2,3-Dimercapto- 1-Propanesulfonic Acid, Sodium Salt. Monohydmte
(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: 800-424-9300
For emergencies in the US, call CHEMTREC: 800–424-9300

**** SECTION 2 - COMPOSITION, INFc)~TIoN ON INGREDIENTS ****

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

~---------------- l-------------------------------------- 1---;;;---- 1-----------1
4076-02-2 lDI-2,3-Dimercapto-l-Propanesulfonic Acl I 223-796-3 I

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

● *** sEf.T1ON 3 _ ~z~s IDE~lFIcAT1ON ****

EMERGENCY OVERVIEW
Appearance: white.
Caution! Aix 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
investigated.

Inhalation:
The toxicological properties of this
investigated. Inhalation of dust may

substance have not been fully

substance have not been fully
cause respiratory tract
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irritation.
Chronic :

Not available.

**** sEcTION 4 _ FIRST AID M~SURES ****

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.
Nevex give anything by mouth to an unconscious person. Get medical
aid immediately.

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

Notes to Physician:
Treat symptomatically and supportively.

**++ SECTION 5 _ FIRE FIGHTING MEAsU~S ****

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

Extinguishing Media:
Use agent most appropriate to extinguish fire.

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

Upper: Not available.

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 - HANDLING and STORAGE ***+

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

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

**** CJECTION 8 _ Expc)su~ 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 DI-2,3-Dlmercapto-l lnone listed Inone listed Inone listed

I -Propanesulfonic Acl I I
I id, Sodiun Salt Monl
I ohydrate I I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs :
DI-2,3-Dime rcapto- l-Propane sulfonic Acid, Sodium Salt Monohydrate:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

Eyes :
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA’S eye and face
protection regulations in 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 _ pHys_fc~ ND cH~Ic~ properties ****

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:
Boiling Point:
Freezing/Melting Point:
Decomposition Temperature:

_-_- a. Volubility:
Specific Gravity/Density:
Molecular Formula:
Molecular Weight:

Solid
white
None reported,
5.0 0.5
Not available.
Not available.
Not available.
Not available.
@ 760.00mm Hg
229 deg C
Not available.
Not available.
Not available.
C3H703S3Na.H20
228.28

Chemical Stability:
Stable under normal temperatures and pressures.

Conditions to Avoid:
Not available.

Incompatibilities with Other Materials:
Strong oxidizing agents.

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

Hazardous Polymerization: Has not been reported.

**** SECTION 11 _ TOXICOLOGIC= 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.
RCRA U-Series: Not listed.
Not listed as a material banned from land disposal according to RCRA.

**** SECTION 14 . TRANSpORT INFO~TION ****

US DOT
No information available

IMO
Not regulated as a hazardous material.

IATA
Not requlated as a hazardous material.

RID/ADR -
Not regulated as a hazardous material

Canadian TDG
No information available.

***+ SECTION 15 - Regulatory

US FEDERAL
TSCA

NFORMATION ****

CAS# 4076-02-2 is not listed on the TSCA inventory.
It is for research and development use only.

Health & Safety Reporting List
None of the chemicals are on the Health 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.

SAP.A
Section 302 (RQ)

None of the chemicals in this material have an RQ.
Section 302 (TPQ)

None of the chemicals in this product have a TPQ.
Section 313

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

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

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

OSHA:

pollutants.
depletors.
depletors.

as Hazardous

as Priority

as Toxic Pollutants

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

STATE
Not present on state lists from CA, PA, MN, MA, FL, or NJ.
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California No Significant Risk Level:
None of the chemicals in this product are listed.

.*
European/International Regulations

European Labeling in Accordance with EC Directives
Hazard Symbols: Not available.
Risk Phrases:
Safety Phrases:

S 24/25 Avoid contact with skin and eyes.
WGK (Water Danger/Protection)

CAS# 4076-02-2:
Canada

None of the chemicals in this product are listed on the DSL/NDSL list.
WHMIS: Not available.
CAS# 4076-02-2 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

**** SECTION 16 _ ~DIT1oN~ lNFo~TIopJ ****

MSDS Creation Date: 3/07/1992 Revision #3 Date: 9/11/1997

The information above is believed to be accurate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other warranty, express or implied, with respect to
such information, and we assume no liability resulting from its use. Users
should make their own investigations to detertine 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.

________________________________________________________________________________

.-. ~~ to product information,

4==%



Sodium Polystyrene Sulphonate/Unithiol 997

Adverse Effects and Precautions
Succimer may cause gastro-intestirud disorders,
skin rashes, increases in serum tnmsaminase, flu-
Iike symptoms. drowsiness. and dizziness. Succimer
should be used with caution in patients with im-
paired renal function or a history of hepacic disease.

Pharmacokinetics
Following oral administration succimer is rapidly
but incompletely absorbed. [t undergoes mpid and
extensive metabolism and is excreted mainly in the
urine with smali amounts excreted in the Faecesand
via the lungs,

References.

1. Dar! RC, C’Iu!, Pharmacokinetlcs of meso-Z3-dimcrcap fosuc-
cinlc acridIn pimems w,lh lead po!sonlns and in healthy ~dulls.
J Pediam 1994; 125:309-16

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

Uses and Administration
Trientine dihydrochloride is a copper chelating
agent used in a similar way to penicillamine in the
treatment of Wilson’s disease. It tends to be used in
patients intolerant to perticillamine. For a discussion
of the management of Wilson’s disease see p,992.

Trientine dihydrochloride is administered by mouth,
preferably on an empty stomach. The usual initial
dose is 750 mg to L250mg daily in 2 to -t divided
doses increasing to a maximum of 2 g daily if re-
quired. In children, the usual initial dose is 500 to
750 mg daily increasing to a maximum of 1,5 g dai-
ly if required.

Preparations
.Vames of preparations are listed below: detmls are g]ven in Pwr 3.

Officiat Praparattons
USP 23: TriennncHydrochlorideCapsules.
Proprietary Prepamtions
USA: Syprine.

, Unithiol [1059.4
Cury.
Succimer mav also be used in the manarzement of&P@iUfg&Sodium 2.3-dimemaptopropanesulphona[e.

,
cystinuria. Succimer, Iabelled 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 m2 body-surface area every 8
hours for5daysthenevery12hoursfor an addition-
al 14days. The course of treatment may be repeated
if necessary, usuafly after an interval of not less than
2 weeks, The management of lead poisoning, in-
cluding the use of succimer, is discussed under
Lead, Treatment of Adverse Effects. p. 1720.

Reviews.

1. Anonymous. Succlmcr—an oral drug for lead powon!ng. ,Wcd
tin Drugs Thcr 1991:33:78.

2. Mann KV, Travcrs JD. Succ!mer. an oral lead chelator. Clin
Phann 1991:10:91422.

Extracorporeaf adminiseratfon. Extmcorporedinfusion
of succimer into the arteriaf blood line during haemockdysis,
a procedure known aa exrracorporeal regional comptexing

haemodiatysis, produced a subsmcnial clearance of mercury
in an wmric patient following in[oxicmion with inorganic
mercury. 1 Clearance was approximately ten rimes greater

than that achieved with haemodkdysis following intmsnuacu-
lar admnisrration of dimercaprol.

1. Koscyniak PJ, .! al. Extracorporcal reg!onal complexmg
haemodidysis treatment of acuw morgamc mercury !nmxtca-
uon Mum TOXICOIt990:9: I 37-1 [.

Preparations
Names of preparations are listed below: dernits are grven in Pm 3.

Proprietary Preparations
WA:Chemec

Trientine Dihydrochloride (133n.1)

Tnenone D!hydmchlonde (BAN, rfNNM).

MK-0681, Tnen Hydrochloride: Tnentme Hydrochloride

(USAN): Tnethylenecerramine Dlhydrochlonde. 2,T-Ethylene-
di-iminobis(ethylamme) dihydmchloridq N, M:bls(2-Ammoe-

thyl)- 1,2-ethanediamme dlhydrochloride.

C6H, SN4,2HCI = 1!9.2.

CAS — I I 2-24-3 (trientine); 38260-0 I -4 (trientme dihy-

drochlor)de).

Pharmacopoeias. In US,

A white [o pale yellow crystalline powder. Freety snluble in
wate~ soluble in methyl alcohol: slightly soluble in alcohol;

practically insoluble in chloroform and in ether. A 1%solu-
tion m water has I pH uf 7.0 to 8.5. Store under an inen gas
in ttirhght containers at 2“ to 8“. Protect from light.

Adverse Effects and Precautions
Trientine dihydrochloride may cause iron deficien-
cy. If iron supplements are given an interval of at
least 2 hours between the administration of a dose of
trientine and iron has been recommended, Recur-
rence of symptoms of systemic lupus ery[hematosus
has been reported ina patientwho had previously
reacted to penicillamine.

~H7Na01S1 = 210.3.
CAS— 4076-02-2.

Unithiol is a chelating agent structurally related to
dimercaprol (see p.980). It is water soluble and re-
ported to be less toxic than dimercaprol. Urrithiolis
used in the treatment of poisuning 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 givenbymouthin doses of 100 mg three
times daily. It haa also been administered parenteral-
Iy.

Reviews.

1, AposhganHV. OMSA and OMPS—waler soluble antidotes for
heavy metal poisoning. Ann Rev Phurmacol To.mc.l 1983; 23:
[93-215.

2. Hruby K, Dormer A. 2,3. Dtmcrcapto- 1.propancsulphonatc m
heavy metal ponsomng.Wed Toxico[ 1987; 2:317-23.

Lead pokonhg. Unithioi has been tried in twetve children
with chronic lead pmsoning. i [t reduced le~d concenn ations

in blood but did not affect the concentrations of copper or zinc

in plasma. During treatment the urinary excretion of lead.
copper, and zinc was increased.

The usual chelating agerrfa ussd in [he management of lead
poisorung are discussed on p. 1720.

1. Ch#solm JJ, Thomas DJ, Use of 2,3-dimcrcap[opropanc. I -,wl-
fonale m lreatmcnl of lead puisonlng in ch,ldmn. J Ph.rnmcoi
E.TpTher 1985; 23S; 665-9.

Mercury poisoning. Administration of unithiol 100 mg
twice daily by mouth for a maximum of 15 days enhanced

urinary eiiminanon of mercury in 7 patients with mercury
poisoning. 1 The urinary elimination of copper and zinc was
afso increased in mosr patients and IWO developed skin rashes.

Unithiol. 50 mg per 10 kg body-weight by irrtrarmmuiar in-
jection three times a day reducing to 50 mg per IO kg once a
day by the third day of treatment, effectively reduced the batf-
life of mercury in the btood following poisoning with mccbyl-
mercury.~ 1

1. Mmt TGK. Clinical studies with dimcrmpmpropane sulpho-
na[e tn mercury poi>oning. Hum Toxicol 1985:4:346.

2. Clark son TW, “CI-al. Tests of efficacy of mmdotes for removal
of methyl mercury in human poisoning during (he fraq out-
break. J Pharmacol EXP Tfwr 1981; 218:74-83.

Wilson’s disease. Unithiol X30 mg twice dailyl was used
successfully to mairrram cupriuresis in a 13-year-old boy wirh
W\lson’s disease after he developed systemic lupus during

treatment with penicdlamine urd with uientine dihydrochlo-
ride, which are two of the usual agents used in Wilson’s dis-
ease (see p.992). Uni[hiol was srarted in two similar patienrsl
but buth withdrew from tremnrem. one because of fever and a
fait in Ieucccyte count following a test dose and rhe otier be-
cause of intense nausea and taste impaimnent.

1. W~lshe JM. Um(hiol m Wilson’s disease. Wr ,WedJ 19S5: 290:
673-4

Preparations
Names nf prepanuions are listed below; details are g!ven in PMC 3
Pmprieta~ Preparations
Gec:Dimavti:k~al, L
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2, 3-D1MERCAPTO-1-PROPANE SULFONIC ACID (DMPS) IN ‘IHE

TREATMENT OF HEAVY METAL POISONING

Introduction

The use of chelating agents, such as BAL (British Anti-Lewisite), calcium disodium

EDTA, and penicilJamine 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). [t is a water-soluble chemical ardog of dimercaproi (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 Dimaval@. However,

(FDA) and is manufactured by

it is a relatively new antidote,

especially to this country:

Chemical pro~erties

it is being used in the United States as an investigational drug (2).

W-ucturally. DMPS is related to BAL (Figure 1) (1, 2, 3). [t is a sulfonic acid salt with

two free suifhydryl groups (SH-) which form complexes with heavy metals, such as mercury

_—_



(Hg), cadmium (Cd), arsenic (As), lead (Pb), copper (Cu), silver (Ag), tin (Sri), and others.
.—?-= -.

is soluble in water and can be administered parenterally as well as orally. DMPS has a

distinct odon thus, it is recommended to administer the drug in ice cold orange juice or in

It

ice cold apple sauce (3). In addition, stability studies on DMPS are currentIy not available.

but it is considered to be very stable and not readily oxidized during pre-use storage.

‘l%era~eutic Use

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by

heavy metals including mercuy, arsenic, and lead (Table 1) (2, 6, 8, 9, 10). It is registered

with the German FDA for the treatment of mercury poisoning and is in fact sold in Germany

_—_-
without the need of a prescription (2). It has also been used as a mercuy challenge or

diagnostic test for mercury exposure; it has been found as the ideaI agent to detoxify

patients that have suffered from mercury toxicity from dental amalgam fillings after the

fillings have been removed (1, 51 6). Moreover, DMPS has been reported to be usefuI in

/7 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
—-—

JA poisoning in children an oral dose of 200 mg to 400 mg of DMPS per meter squared body.—

surface area per day was used effectively without observable adverse drug reactions (8).

When given parenterally, 5 mg per kg body weight three times a day was the recommended

dose(7).
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Pharmacokinetic Studies

DMPS has been extensively used in humans both in the Soviet Union and in

Germany, and pharmacokinetic data after intravenous (IV) and oral (PO) administration of //
7

this drug are widely available (1, 2, 11, 12). Studies have shown that DMPS is distributed

both extracehdariy and to a smaller extent intracellularly (5, 11). Scientists made an

assumption that if the drug appeared in the bile then it must have entered liver celk 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 62.5% bound by protein, mainly albumin,

via a disulfide linkage (5, 11, 12). This was elucidated by treating the isolated DMPS-

albumin complex from the urine with dithiothreitol (DTI’) 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. As a matter of fact, the half-life of the parent

compound was 1.8 hours; whereas, that of altered DMPS was 20 hours.

DMPS is metabolized rapidly and is eliminated in the kidney and bile (4, 5, 11, 12)

Hurlbut, et al. (1994) demonstrated that only about 12% or 9%, respectively, of the DMPS

concentration detected in the urine is presented as the parent drug after fifteen minutes of N

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 0.5T0 of the total DMPS

disulfides) in the liver and cyclic polymeric disulfides (97% of the total DMPS disulfides) in

the bile (Figure 2) (2. 5. 12). The amount of altered or unaltered DMPS was determined
.-.



using an assay that employed the chemical known as bromobimane to react with the thiols

(Figure 3) (5, 12). Neither 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 molecuIes. The vaIue of the altered or biotransformed

molecules of the drug is then determined by subtracting the value of experimentally

determined unaltered forms from the value of experimentally determined total DMPS (5).

Nevertheless, the disulfide group and certainly the sulfonic group are vey poor

cheIators, especia~y of mercury or lead (12). The two sulfhydry[ groups of DMPS are

necessary 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

..%7 mercuy excretion in the urine.

Oral DMPS appears to be less effective; oral bioavailability of DMPS is about 60%

(11). The half-life found for total DMPS in a study after [V administration was

approximately 20 hours, which was considerably longer than the half-[ife 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

pharrnacokinetic parameters of the drug include an elimination half-life of 43 minutes, a

volume of distribution (Vd) of 160 rrd%g, and a clearance (CL) of 2.6 ml/min/kg (1, 11).



Toxicities
__—.—

DMPS is a relatively safe drug and has been used innocuously in Europe for many

years (1). In the studies done on DMPS at a dose of 5 mgkg, some patients developed

allergic reactions to the drug, This is usually because the patients have a history of zdlergies.

No anaphylactic shock was seen. Other common side effects experienced by some patients

were mild and incIude nausea, weakness, vertigo, and itching skin. No nephrotoxicity was

observed. It also exhibited no mutagenic or teratogenic effects (1). When the dosage was

increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and

ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However,

when injected IV, DMPS should be given over a five minute period since hypotensive effects

_—_ are possible when it is given parenterally as a bolus (2).

DMPS vs. Other Cheiatimz Amimts

In the treatment of heavy metal poisoning, BAL and caicium 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-

peniciilamine and N-acetyl DL-penicillamine, 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 DMPS are available. DMSA. on the other hand, is only available
.-.
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orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does
_____

r -.

not cause a redistribution of Hg to the brain like calcium disociium EDTA can. DMPS is

more specific than caicium disodium EDTA; at diagnostic doses, DMPS would not be

expected to increase the urina~ excretion of essential trace elements such as copper and

zinc. DMPS is able to enter cefls to a certain extent and thus is intermediate in its toxicity.

Comparatively, DMSA is the least toxic of the dimercapto che~ating agents and has the

highest LDw since it does not get into ceils (Tabl~).

Conclusion

[n retrospect, it appears that there is no better chelating agent than DMPS in treating

_——–. heavy metal poisoning. None of the other chelating agents including DMSA, BAL,

penicillamine, or calcium disodium EDTA is as therapeutically diverse and potent in

detoxifying patients of heavy metals as DMPS. Other chelating agents are more toxic to use;

whereas, DMPS is a relatively safe drug. Thus, in the treatment of heavy metal poisoning

2, 3-dimercapto-l-propane sulfonic acid is the recommended choice.

6
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Chemical formulas for chelating agents used for treating heavy metal poisoning of humans

(From Reference #2)
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Fiqure 2

Proposed Structures of the human urinary metabolizes of DMPS (From Reference # 12)
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Fi~e 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

DMPS

Dimercaprol

Dimercaprol, EDTA

Dimercaprol (?)

Cr DMPS

Sb DMPS

Transuranics DTPA
–-.

‘Abbrewations: Hg= mercury; Pb = lead, As= arsenic; Cr =chrwmum; Sb = annmony.

Table 2

*LDWDetermination intraparenterally in mice (From Reference #5)

Compound LD~O(mmol/kg) 95% confidence Number of mice

intexva!

!3A!. 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 164L
*[DW = median lethal dose.

10
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2, 3-DIMERCAPTO-I-PROPANE SULFONIC ACID (DMPS) IN THE TREATMENT OF

HEAVY METAL POISONING

Jm.ducaon

The use of chelatingagents,such asBAL(BritishAnti-LewisiteJ,calcium disodium EDTA, and

penicillarnine in the treatment of human exposure m toxic metals has been well known and accepted (1, 2,

3). However, thesechelatingagentshave limitedtherapeuticefficaciesand undesirablesideeffects.In the

quest fortherapeuticallymore potent and lesstoxicmetal-bindingagents co use in the treatmentof heavy

metal poisoning,scientistshave found thatthe sodium saltof 2, 3-dirnercapto-I -propanesulfonic acid

(DMPS) is an example of such a compound (2, 4). It is a water-soluble chemical analog of dimercaprol

(BAL) but is less toxic. It is administered parenterally and is also effective when given orally, It has been

used as an official drug in the Soviet Union since 1958 as Unithiol@. DMPS has been approved by the—

German Food and Drug Administration(FDA) and is manufacturedby Heyl & Co. in Berlin,Germanyas

Dimaval@l,However,it is a relativelynewantidote,especiallyto this country;it is beingused in the United

Statesasan investigationaldrug (2).

chemical P roverties

Structurally, DMPS is related to BAL (Figure I) [1, 2, 3), It is a sulfonic acid salt wirh two free

sulfhydryl groups (SH-) which form complexes with heavy metals, such as mercury (Hg), cadmium (Cd),

arsenic (As), lead (Pb), copper (Cu), silver (Ag), tin (Sri), and others. It is soluble in water and can be

administered parenterally as well as orally. DMPS has a distinct odor; thus, it is recommended to

1



administer the drug in ice cold orange juice or in ice cold apple sauce (3), In addition, stabiIity studies on

——==

DMPS are currently not available, but it is considered to be very stabIe and not readily oxidized during pre-

use storage.

Therapeutic Use

As mentioned earlier, DMPS is used in the treatment of poisoning in humans by heavy metals

including mercury, arsenic, and lead (Table I) (2, 6, 8, 9, IOJ. It is registered with the German FDA for

the treatment of mercury poisoning and is in fact sold in Germany without the need of a prescription (2).

It has also been used as a mercury challenge or diagnostic test for mercury exposure; it has been found as the

ideal agent to detoxi$ 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 usefid in Wilson’s

__—
disease in which tissue levels of copper are high. It is given by mouth as a single dose of 300 mg or 100 mg

three times daily for as long as 15 days. In the treatment of lead poisoning in children an oral dose of 200

mg to 400 mg of DMPS per meter squared body surface area per day was used effectively without

observable adverse drug reactions (8). When given parenterally, 5 mg per kg body weight three times a

day was the recommended dose(7).

I?harmaco kinetic studies

DMPS has been extensively used in humans both in the Soviet Union and in Germany, and

pharmacokinetic data after intravenous (IV) and oral (PO) administration of this drug are widely available

(I, 2, II, 12). Studies have shown that DMPS is distributed both extracellularly and to a smaller extent

.-—.=
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intracellularly (5, 11). Scientists made an assumption that if the drug appeared in the bile then it must have

.—.=

entered liver cells first, and experiments done in rats proved that DMPS ~ 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, II, 12). This was elucidated by treating the isolated DMPS-aIbumin complex from

the urine with dithiothreitol (DTT) ro give back DMPS, the parent compound. The DMPS-aIbumin

disu[fide 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, II, 12). Hurlbut, ct.

d. [1994) demonstrated that only about 12% or 9°/0,respectively, of the DMPS concentration detected in

the urine is presented as the parent drug after fifteen minutes of IV or PO administration of DMPS,

____
suggesting that the majority of the DMPS in the urine were the metabolizes or the oxidized forms of the

drug (12). In humans, DMPS is biotransformed or oxidized to acyclic polymeric disulfides (which

constitute only 0.5% of the total DMPS disulfides} in the liver and cyclic polymeric disulfides (97’XOof the

total DMPS disulfides) in the bile <Figure 2) (2, 5, 12). The amount of altered or unaltered DMPS was

determined using an assay that employed the chemical known as bromobimane to react with the thiols

(Figure 3) (5, 12). Neither 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 valueof the altered or biotransforrned molecules of the drug is then determined by subtracting the

(1, 2, II, 12). Studies have shown that DMPS is distributed both extracellularly and to a smaller extent

2



Nevertheless, the disulfide group and certainIy the sulf.mic group are very poor chelators, especially
—-— -.

of mercury or lead [12). The two sulfhydryl groups of DMPS are necessary for chelation. DMPS

disulfides appear to be transported and reduced to DMPS within the renal tubules in the kidney where

chelation of mercury by DMPS increases mercury excretion in the urine.

Oral DMPS appears to be less effective; oraI bioavailability of DMPS is about 60°4 (I 1). The

haIf-Iife 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 (Vd) of 160 ml/kg, and a clearance (CL) of 2.6 tnl/min/kg (I, 11),

DMPS is a relatively safe drug and has been used innocuously in Europe for many years ( 1). In the

studies done on DMPS ac a dose of 5 mg/kg, some patients developed allergic reactions to the drug. This

is usually because the patients have a history of allergies. No anaphylactic shock was seen, Other common

side effects experienced by some patients were mild and include nausea, weakness, vertigo, and itching skin,

No nephrotoxiciry was observed. It also exhibited no mutagenic or teratogenic effects (I). When the

dosage was increased to 100 mg/kg, the increased effectiveness was noted, but necrotization and

ulcerations often occurred at the site of the subcutaneous (SC) or IV injection. However, when injected

IV, DMPS should be given over a five minute period since hypotensive effects are possible when it is given

.=—..
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parenterally as a bolus (2).

—--z ..

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-penicillamine and N-acetyl DL-

penicillamine, DMPS was the most effective for clearing mercury from the blood (6). It is more

advantageous than DMSA since it has been extensively used in the Soviet Union and in Germany, and

capsules for oral use as well as parenteral preparations of DMPS are available. DMSA, on the other hand,

is only available orally, thus, pharmacokinetics of DMSA are somewhat limited. Additionally, DMPS does

not cause a redistribution of Hg to the brain like calcium disodium EDTA can. DMPS is more specific

..—.=
than calcium disodium EDTA; at diagnostic doses, DMPS would not be expected to increase the urinary

excretion of essential trace elements such as copper and zinc. DMPS is able to enter cells to a certain extent

and thus is intermediate in its toxicity.

Comparatively, DMSA is the least toxic of the dimercapto chelating agents and has the highest LD~O since

it does not get into cek (Table 2).

Conclusion

In retrospect, it appears that there is no better chelating agent than DMPS in treating heavy metal

poisoning. None of the other chelating agents including DMSA, BAL, penicillamine, or calcium disodium

EDTA is as therapeutically diverse and potent in detoxi$ing patients of heavy metals as DMPS. Other

___—
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chelating agents are more toxic to use; whereas, DMPS is a relatively safe drug. Thus, in the treatment of

e—
heavy metal poisoning

2, 3-dimercapto- I-propane sulfonic acid is the recommended choice.

=

Chemical formulas for cheIating agents used for treating heavy metal poisoning of humans (From Reference

#2)
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Proposed Structures of the human urinary metabolites of DMPS (From Reference # 12)
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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 DimercaproI Dimercaprol (?)

Cr DMPS

___. Sb DMPS--———.

Transuranics DTPA
*Abbrcvlacions: Hg= mrrcury; Pb=kad;As=.wsmic; Cr=ckomium; Sb=anurncmY

Xa!2u

“LD,O Determination intraparenterally in mice (From Reference #5)

Compound I LD50(mmol/kg]
I

95% confidence
I

Number of mice

interval

BAL 1.48 1,11, 1.97 21~

DMPA 0.82 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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*LD50= medianlethaldose.
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Abstract
Meso-dimercaptosuccinic acid (DMSA) and the sodium salt of

t ~ 2,3-dimercapto-l-propanesulfonic acid (DMPS) are analogousf/ 5

J_{ in chemical structure to dimercaprol (BAL, British

Q{ e Anti-Lewisite) . Dimercaprol was among the first
therapeutically useful metal chelating agents and was
developed originally as an anti-lewisite agent. Either DMSA
or DMPS protects rabbits from the lethal systemic action of
dichloro (2-chlorovinyl) arsine (29.7 mumols/kg, also known

_—_ as lewisite. The analogs are active in this respect when
given either sc or po. The stability of each of the three
dimercapto compounds in distilled H20, pH 7.0 at 24
degrees, has been examined for seven days
82% of its mercapto groups,

but no titrata;~a*

groups remained in the DMPS or BAL solutions. At pH 5.0,
however, there was no striking difference in the stability
of the three dimercapto compounds (78-87%) over a seven day
period. DMSA and DMPS warrant further investigation as
water soluble metal binding agents in both in vivo and in
vitro experiments.
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Meso—dmt?rcaptosuccinic acid (MSA) ad the sodium salt of
2,3- dimrcapto-1-propanesulfonicacid (CMPS)are malcxpx in
cheinitilstructureto d.inerqrol (EiAL,British Anti-Lewisi@).
D~prol was anmrq tlx?first therapeutically useful nEtal
chelating agtmts and was develqed originally as an
anti-lewisite apt. tither H or EMPSprotects rtiits frun
the lethalsystemicacticm of dichloro(2-chlorovinyl) amine
(29. 7umls/kg, also lawn as l=isite. The analcqsare active
in this re~ whengiven either sc or p. ‘!Yestiility of
eachof the three ‘~~ti
at 24°,has been ~ for seven days.
its mrcapto grcups, but nc titratable rrercapto grmps
in the IY4PSor ML solutims. At pH 5.0, tmmer, there was no
strikimgdifferencein the stabili+qof the thrw dinercapto
ompcmds (78-87%)over a seven day period. Et6A and D4PS
wa.rrentfurther investigation as water soluble mtal birding
agents h lmth in vivu and in vitro qxximnts.

British Anti-L&isite (PAL, dimrcaprol) was ckvelqed in the 1940’s as
an arltickk.eto dichloro- (2-chlorovinyl)-arsirk=, cxmrmnly called lwisite

(1,2). l%e lethal action of le..risiteis believed to be W result of its
cabtig with me or mxe sulfhydryl groups and thus titivating essential
sulfhydIyl=mtaining emym= (3). It is the arssmic in the ltisite molecule

that reacts with sulfhydryl mieties.

At the timx?of its int-rduct.ioninto clinical rred.icine,EM was
considered by many b be the long sought, universal antibte for keavy netal
poiscnimg. In Subsequerltyears, lm+sver, less toxic and nmre spcific mtal

binding agents have been sought and i.nvestigatd. SUE have net the criteria
and standan% necessary for clinical use. others have rot. Fbr exanple, BAL

gluaxide was intrcxlucd (4) as a result of a search for water soluble and
less tcxcicanalcqs of 13AL. Altlxxgh it was fax-d to he less toxic than EAL

for iv use, (probably tn?causeof its low liwid .sdubility), it d-idnot ~
etilished as a clinical agemt because it is unstable ckmically. Other
ampmnds, which are less anal- in chenical structure, have replaced EAL
for .sam2of its nore specific tk.rapeutic uses. Fbr ==@e, ~cillmine
isusetl tonnbilizea ndh crease tk=~ ‘on of CXqq=r in patients With
Wilson’s Disease
antidote (6,7).
* mtlmmt of

(5). Its N-ao?tyl derivative is effectiveas a marcwy
BALhasmmilled , kwever, the dmg of cimice in the U.S. for
arsenic ~iscming.

0024-3205/82/192149-08$03.00/0
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(KX4SA)(8) and the sdiun salt of
2,3-dimrcapto-l-p-sulfcnic acid (-) (9)are prcznisirqrep~ts
for BAL. ‘xtleseccqxnm3s areve.rysimilar inchsl’ldcalstmcture to BALard
are samtims referredto as water solublearid/ororally-effectivear!alcqsof
BAL. lb cur knculedge,hxever, the anti-lewisiteactivity of these tw
inpxtant ckxical analogs has not &en ckte~. Neither are any @l.iskd
data available Cornering the s~ility of aqueous solutionsof the=
dimrcapti CuqXmds. Evidence for the anti-lewisite activi~ and stdbility
of C14P5and t14SAare presented h this pap2r.

Materials and Methods

Fide * Zealand white stock rakbits vx?ighing 2.5-3.5 kg wre purchas4
fran ~tchland I&xxatories Inc., &nver, PA and Cavidson ?.iill Farm,
Jor4mrg, N3 ard caged individually. Fcmd (PurinaW&it CYUX Brand 5322.)
ami water w?re availablead libitum~cept in the case of timse minds who
receivedtherapyorally. ‘Xs receivhg therapy p were fasted fran 16 hrs
prior to the first administrationto 1 hr after &e last austration on day
one. CIIdays mm and three,animls were fasted fran 1 hr prior to tle
mxning administrationto 1 hr afte.rthe evening adnin.istratim,qxoxim tily
7 lxxrs.

When d.ithioltherapywas given sc, the animls ~ anesthetizedfifteen
minutesbefore lswisiteadministrationby administeringim 0.50 ml of
anestlx%icsolution~ kg. The animalswere anestktized to rduce the pain
-+ to be caused by lwisite. subsequently,it was observedthat neither
pain xxx discunfortwas apparent. ‘llms,amstksia was not used in the
experbts when dithiols were givm p. h anestheticsolutionwas prepared
by tiing 5 pims I@tamineHCl (100nyhn.1)and 1 ~ of Xylazine (100ny/ml).

A 5 ml Gilson Pipetmanwas used to give the dithiolsby KOUth. ‘IIE
rakbitwas plamd in a skmrt restraining box. ‘IhebOxwasplacedcm its emi
sothatthe rabitwas in avertical psition withitskad at the tcp. The
Pi@man was filledwith the &sired voluae of & drug soluticm. ‘IYE2plastic
tip was gently insertedbemeen tk lips at one cormr of the nwth and the
liquid&livered slmly into the back of the rtiit’s mth. ‘his n-etkd did
not qqxxw m cause any traumaor injury. It was easier and fasterto pzfonn
than the use of ~lyethylem stanachtubes.

Nai14PSwas a gift of F@yl and Co., Berlin. Since each mlecule has a
rroleculeof H20 associatedwith it, a mlecular weight of 228.2was used in
calmlations. EY4SAwas a gift of Johnsonand Johnson, Skillmn, N.J. Wth
ccqmunds were pharmaceuticalgrade purity. ML% and lMSA were titratedwith
icdine in order to mmure pxity and mrcapto content. By this criterion,
-ch preparationwas judged to be greater than 99% pxe. ~ cqxunds when
given by muth m dismlved in water. In order to dissmlveCMS.A,the
aquecxx suspmsion was adjustd to pH 5.5 with NaOH. When given sc, the
solutionswere preparedtie m way except that the ccqmmds were dissolved
in 0.9% Nacl-5%WHm .

?
Unlessotherwisestated, the concentrationsof EMPS

or CMSA were such tha the rtiit received 1.0 ml of solution per kg of bdy
weight, per administration. Dtircaprol Injection, USP (BAL in Oil Arqmles)
was a gift of HymOn, Wescott A LXmning,Baltimre, Ml.

k+risitewas 97-99.6%pure as judqedby FMR-_oscqy as w1l as by
icdine titration, Analysis by the forrrermtkmd also indicated that the fcmns
of lewisite that wre present were trans (97.7%), cis (1.7%) and dimrs
(0.5%). @isite is a hazardcusmterial with which to mrk since it is a
ptent vesicant. All handliriqof l~isite ms &me ti an extrmly *11
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TABLEI

T& Anti-kwisite ktivity of Pk?so-Dint?rcaptosuccinickid and
2,3,-Dimrcapto-l-~sulfmate when gim sc to rabbits

Grcwp ~ls/kg survive/s-a % survival

1 Ll#’ + --–-–- 1/18 6
2 + 75.0 lYiSAc 12/12 100
3 m + 37.5 m 6/6 100
4 w + 20.0 msA 6/6 100
5 Lw + 10.0 rY4sA 1/6 17

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

6 Lm4 + 75.0 DIPsc 10/12 83
7 LEN + 37.5 E14PS 5/6 83

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

8 Lw + 75.0 BALc 8/12 67
9 m + 37.5 B&L 3/6 50

-..
.—.-a ..

a In tk tables of this e, the data represent&e
cabined resultsof a nurrberof -ate ~*ts. ~s
*S dme to save space. ‘he reason for the nunber of aninals

in acme grcups differingfrcm the mmber in other grmps of
thesamtable istitqofw thetiined~taareti
resultof fran 2-3 separateexperbts. Othezwise,the
exprirfents*re perfoti under identicalconditicm. The
survivalrecordedin this table is that for 7 days after
lwisiti administraticm.

b
Misite (29.7unmls/kg)was givsm sc at tim zero.

c All agents given sc exceptBAL, which was given im.
Dimrqto cmpunds given at +1 rein,+90 rein,+180 mim,
+360 min after ltisite and at 8 a.m. and 4 p.m. on day 2
and 3. ~stration of &se amunts of dimzcapto
ccmpund at the ti.ms cited above did not awe any
fatalitiesin controlanimalsthat did rot receivelewisite
(datanot .sk$.wd.

d Pair+ise comparisons: p c 0.0001 for 1 vs 2; p = 0.0001
forlvs3and lvs4; pc 0.001 forlvs6andlvs7; p=
0.001 for 1 vs 8 and 0.01 for 1 vs 9.

2151

I

I
vented C1-Hn.icalexhaustkcd . Safetyglassesand thick wqrene glwes were
wrn .

.n ‘II-e stabilityof U&S, lllSAor EAL was dete~ using iodmetric
titraticm. ‘lb2.50 ml of a 0.10 Md-krcapto soluticm, 10 drcps of starch
irdicator solution were addd. The solution was titrated u.$W 0.025N iodine
soluticnuntil the blue @lor ?$p=red and prsisted for at l-t 10 sec.

I
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R3sults

Anti-hwisite Pctivity

‘he data of Table 1 clearly shcw that kmth IY4SAand CYIPShave
anti-lewisite activity when given subcutaneously, As little as 20wls/tM3A/kg
achninisteredsc, according to the stated regirmm, protects against the lethal
actions of hwisite. Thus, CKA and IMPS are aMlcqous to ML not only in
chemical structure but also with respect to anti-laisite activity. In
adi.ition,tXWSAand M4F’Shave anti-k.risite activity when given orally (Table
2).

TABLE 11

kt?so+imrcaptosuccinic&id or 2,3-Dimrcaptc-l-Prcpmesulfonate
is effective,when given by muth, in protectingrabbits

againstthe lethaleffectsof kwisite

Grcaxp wm)ls/kg wivekt.art % survival

1 ~ + -------

2LIW + 400 +
3LW + 200
4LEX + 400
SLEW + 200 3

---- ---- ---- --
6LiW+ ---—__

7LEn+lX.SAc
8LEW + Wsc

0/12 o
5/6 83
4/6 67
6/6 100
4/6 67

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

1/6 17
4/6 67
1/6 17

a Letisite (29.7unmls/kg)was given sc at tim zero.

b.
Dumxcapto cxqxmds givtm ~ at -45, -2, +90 and +300 min.

after lwisite and 8 a.m. and 4 p.m. on day 2 and 3. NO
fatalitiesoccurrsdin controlanimalsthat receivedthese anrxnt
of dimrcapto ccrqmund,W, (butno lewisite)at the tines cited
stove. Sumival was foll~ and recoded for 7 days after
lwisite administration.

c Dim?rcaptoccnpunds given p as follws: 400uImls of
dimrcapto mqxnmd /kg at 5 min before lewisite,and 200@ls/kg
at each of the follcwingtires after l~isite: 1 hr., 2.5 hrs.
arid5 hrs. on the first day plus 8 a.m. and 4 p.m. on day 2 and
3.

d
For Pairwise ccrpxison: 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

A&iitioml studieshave ciaronstrated that a single p administration of
IX&4 (400 unmles/kg) 15 min prior to lewisite was ineffective since only 1 of
6 animals survived for 7 days. In the eqeriments of Table 1 and 2, nust of
the rakbits that received lewisite and no dimrcapto therapy died within 12
hrs. If aninsls died after receiving lewisite plus dimrcapto t.krapy, they
usually died beb.een the first and fifth day of the experiment.

——..- .
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StabilityStudies

‘I& stabilitiesof lMSA, IMP.Sand RAIJh O.1OM solutionsat pH 5.0 and 7.0
*re exmined (Fig1). The mrcapto groupsof these ~, b ~
solutionsat pH 5.0, are stable (Fig 1). Wen after 7 *Ys at ~
temperature,frun 78 ti 87% of the nercaptogroups r-in titratable. At PH
7.0, kwever, the qreaterstabilityof tMSA is evidentwith 82% of the
n_er&ptogroupsraining after 7 &ys.

,

‘T--===
g

1
a +

WI

~ ‘-
~
% w-

$ @ ?.0

40-

0
12345S7

FIG. 1

Stabilitvof IMSA, C?4PSand EALat @ 5.0 or 7.0.
solution: of each cxmwmd= Pr@==d, adj~~ to @ 5.0 or 7.0
and to a fimal concentrationof O.10nm31/ml. SOluticnswere
preparedusing dxble+istilled H O and maintaind at 24°.
Aliquotswere remwed at Mica A *S and * T1-elmptiintent
determiwd. Each value shcwn is the averageof tw separate
titraticm.

5y this tim a-d under these oxxlitionsnone of the mrcapto CJrcUpsof

l14PSor W remimed. other studies (dab rot shmm) ti~ti that =J ~
a solutionof 5% W when eitkr frozenfor 4 days or frozenand thawd
each day for 4 days re&ined 82% of its originalmarmpto grCNW. If s~~
solutionswre held at 4° or 24° for 4 days, CMSA retaird 76% and 69% of its
mmcapto groups,respxtively. AlthCwJhSoluticllsof IMPS in 5% NalKm W3re
stable (92-95%of original)when either frozen,or frozenand thawd E&h day

for 7 days, after three days at ram taperature m titratableIrerc@o9rouF
wereevicierit.__—T

Dkusdon

Extensivecliniczdexperiencewith lYKi4and EMPS as antiCbtf25 and

PKC@Yla@im for rmrmry, lead, arsen.icardotherheavymetals l?asbeen

,:
<>;:..,.,,
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r~tiin soviet and ‘rna@aml Chinese literature (10,11,12,13).In the
%ziet Wkm, W has ken for nary years an officialdrug canal Unithiol.
F@cently,there has ken a great &al of interest in both of thesewater
solublecknical analqs of dimrcaprol in the W@ Statesand abrcad
(14,15,16,17,18).lh.ishas resulted h the confirmationand extension
[19,20,21,22)ofearlierrqmts dealingwithboththe~sic h clin.i~
inwstigatialsof l14SAand lllPS.

Altl_mghdi.mrcaprolis a nam relativelyeasily identifiedin the field
of therapeutics,the capnd is ti nmst cxnnrndyin other areas as British
Anti-Lewisite. It seemd reasonableto expect tkt a true analcgagonist
might al.snhave Anti-I.ewisiteActivity.

‘lh2present aperimmts clearly skmw that either IWSAor IMPSwill
protectrakbitsagainst the lethal systenic effectsof submtanecusly
acininisteredlewisite (’hble1 and 2). ‘l%erefore, D4SJ4and IMPScan h
CCm5idersfl to be m-t cnly analcqxs in chmical structure but also in
anti-lewisiteactivity. In addition, CMSAand U@S are effectivewhen given
bynmuth; arrmtenotremmmdd for ML ackninistraticm.

‘We dose schedulefor administeringEEiSAand DIPS was based on a three day
rqimn recmmded in the literaturefor the use of these K&A. binding
a9ents. ~t sties (X~ZMIl xli~) &= ~trated that as
littleas me cbse of 40 ~ls/kg of either drug given irnone minute after
l~site will result in the su.mivalof 4 cut of 6 rakbits. In additionwhen
~ ther~ is delayeduntil 90 min after lewisite,6 of 6 rabbits,survived.
‘lhep.qmse of these studieswas to determinewhether EY6A or Ct4PShave
anti-ltisite activity. NC attenpt has teen made to quantitatetheir relative
efficacyagainst lewisite.

Not only are these analcqs crystalline ard readilywater mluble, they
are less toxic than ML. ‘fh2results of a nunber of differentinvestigatkms
in ~ts have led to the conclusionthat the amte toxicityof tYiSAis l,ess
than that of lY@S which is nuch less than that of BAL (19.23.24.25).

‘lW stabilitystudies (Fig 1) were initiated for X reasons. MaKIY
investigatorskelieve that B and Ct4PSare unstablebecauseof their
*rcapto structure. Sirce solutionsof &se capmcis were being used
thrcqhmt the day, for exanple see Table 1 and 2, it has been considered
necessaryby a nunber of investigators (17,20) to preparesolutions
ixmrediately&fore use. The s~ility of solutionsof these dimrcapto

~ is scmwhat surprisingsince rrercaptoccqmnds = USM1lY tiwuqht
to be readily cxidized.

In addition to many older repxts in the Soviet and Chinese literature
(10,12,26) dealing with IMPS and X in humn therapy, such use has been
strwgtkned by recent pprs containing data fran clinical investigations.
For exanple, lXSA has ken used recently in the treatmnt of a 46 yr. old man
wtn irqestd 2000 nrjof arsenic in a suicide att.rmpt (27), Treatmnt with 300
nqoftBiSA every 6hrspfor3 dayscau.sd anincrease in the urinary
excretion of arsenic and eventual rewvery. lltSAincreasd the =cretion c)f
lead in the urine of smelter mrkers ad was effectivein treatingthe signs
and symptme of l-d ~isoning (28). ‘llx3dixercaptocurpxnd was Wll
toleratedand no signsof toxicitywere evident. ~ USefU&SS Of IllE%and
other mtal binding agents in the treatnent of mrcury intoxi=tion resulting
fran the Iraqi nrxcury disaster has been dcanmntd recently (18). D4F’S,as
DIMAVAL, is ncw an awroved drug in West Germany for the treatmnt of mercury
~iscn. ‘Ihese* water soluble analogs of w, analcqous in activity as well

H-==
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as chemical structure, active when given by ninth and of lcw toxicity,warrant
continuedinvestigationas ~ssible replacementsfor BAL.
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B1OLOG1CAL CHELATION: 2,3-
DIM ERCAPTO -

PRO PA NE SULFONIC ACID AND

ME SO- DIM ERCAPTOSUCCINIC

ACID

H. VASKEN APOSHIAN

Dcpartmcn[ of Cellular and Dcvdopmcntal Biology,
University of Arizona. Tucson, AZ 85721

_&_- INTRODUCTION

in 1946, summaries of the results of experiments dealing with a new metal
binding agent appeared in the biomedical literature. The agent became known
as British Anti-Lewisite or BAL. In the U.S. it was given the generic name of
dimercaprol. Its importance initially was its effectiveness in treating exposure
to the arsenic< obtaining chemical warfare agent, lewisite. Within a short
time, BAL was shown to be useful in the treatment of intoxication by arsenic,
lead, mercury and a number of other heavy metals. It was considered to be the
long-sought universal antidote for poisoning by one or more of the heavy
metals.

In subsequent years due to the increasing clinical experience and to the
continuing search for better therapeutic agents, other chelating agents have
been introduced (1). Some of these metal-binding agents have replaced one or
more of the uses of BAL in clinical medicine. For example wpenicillamine is
used to increase the excretion of copper in Wilson’s disease (2) and N-acetyl-
m-penicillarnine to treat mercury intoxication (3). The exception has been in
the treatment of arsenic poisoning. Since the late 1940s, BAL has remained
the drug of choice in the U.S. for treating arsenic poisoning (1). BAL,
however, is far from the ideal drug. Some of its limitations are listed in Table
1.

In the mid- 1950s, the chelating properties 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 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
A Unithiol. The 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
ANT1-LEWISITE

1. High toxicity
2. Low therapeutic index
3. Unpleasant side effects
4. Limited water solubilify
5. Ins[ability in aqueous solution
6. Must be given by injcctio.n

WATERSOLUBLEAND(XALLYM31W

ANALOGSOF BRITISH ANTILEWISITE

SSHH

Ill
H- C- C- C-IXI

Ill
SSH
HH

777
H–C– C–C-SO; .Ha+

Ill
SSH
H }1

SAL—
(BRITISH NrrltxwIsIm)

MS—
(2,3 -DIIERCAPTO- 1-PROPANE-

SULFCWICACID, Na SALT)

mlTliIOL, DIMAVAL— .

;77; lBUA
M) -c-c-c-c-a (MESO-DIKRCMW SUCCINIC ACID)1!

II
Ss SKCIIER

HH

FIG 1. Water soluble and orall} auivc analogs of Brit~h Anti-Lewisite

next Xl years, many reports about the usefulness of these two dimercap[o
compounds appeared in the biomedical literature of the Soviet Union and
mainland China. A few examples of these are cited (6-1 1). During this time.
studies of these compounds by western investigators appear to be virtuall!
nonexistent. (For example, it was not until 1975 that Friedheim and 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 mercurs
chelation therapy). The reasons for the paucity of earlier studies in the West

may be that the synthesis of DMPS is very dimlcult and its export from the
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Soviet to the West was prohibited. In the case of DMSA, although its
synthesis is not as difficult, the main reason for a lack of investigative studies
in the West appears to be that interest in and funds for chelation research were
very limited. DMSA is called Succimer in the Soviet literature.

In about 1978, Hey]& Co., Berlin, succeeded in synthesizing and producing
DM PS. This recent availability has encouraged investigators in West
Germany, Norway and the U.S. to “rediscover” and study the drug with
renewed interest (13- 19). DMPS is marketed by Heyl & Co., as DimavaI. Itis

an approved drug in West Germany for the treatment of mercury
intoxication. With the increasing need for safe and convenient chelating
agents in clinical medicine, Dimaval should become an important addition to
the physician’s armamcntarium.

The present paper summarizes experiments in this laboratory dealing with
the experimental use of DMPS and DMSA in the treatment of poisonings of
the followhtg kinds sodium arsenite in mice, kwisite in rabbits and cadmium

s–—- ‘oriole in mice. In additio~ a summary of some of the important properties
. DMPSand DMSA that has been retrieved from the Soviet literature will be

discussed.

MA TERIALS AND METHODS

Anima&. 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).

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 iL, a
molecular weight of 228.2was 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 m.dies. The assay of agents that bind and j 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 meta] binding agent might be ]Kesating without increasing

: excretion of the metal. This mechanism ha Gn proposed to explain the
effectiveness of N-afXtYhDL-pen;& hRLhe (2 I). For these ~ons we chose, as
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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 “As.

The concentrations of the NaAs02 solutions were prepared so that a 25 g
animal would receive 0.050 ml. To quantitate the relative effectiveness of a
compound in protecting against the lethal effects of NaAsOz, the influence of
the administration, i.p., of that compound on the LDM of NaAsOz was
determined by injecting, s.c., various amounts of NaAs~ dissolved in 0.9%
saline. Solutions of the mercapto compounds were prepared immediate]}
before use in 0.9% saline, adjusted to pH 5.5 using NaOH and the
concentration adjusted so that a 25 g mouse would receive O.IOml. Injections
were made using a 0.25 ml glass syringe with a No. 26 needle of 1/ 2 inch
length. For oral administration, curved 18 gauge oral feeding needles,
purchased from Popper & Sons, New Hyde Park, N. Y., were used. BAL was
dissolved in peanut oil unless otherwise stated.

Sfufisrical 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 EIMDP
program package (22) on a CDC Cyber 175 digital computer. Median
effective dose and corresponding 9570 confidence intervals were estimated
following Finney (23).

RESULT SAND DISCUSSION

DMPS or DMSA Prorecn Mitt Againr( [he Lethal Eflects of Sodium Arseni[e

Mice injected with 0.14 mmols NaAsOz/kg (an approximate LD 100 dose)
and saline, in lieu of mercapto compounds, did not susvive (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-penicillamine and N-acetyl-tx-penicillami ne, do
not protect (Table 2) under these conditions. The results with these two
sulfhydryl compounds are unexpected since there have been two reports of the
usefulness of penicillamine in the therapy of arsenic poisoning of humans
(24-26).

Neither DMPS nor DMSA need be given immediately after NaAsOz. The
administration of either one of the compounds can be delayed at least 2 hr and
still be effective (Table 3).

Of greater importance for any therapeutic or prophylactic potential is that
DM PS or DMSA is effective even when given orally 15 min prior to the
administration of the arsenic compound (Table 4). Under the present
experimental conditions, they are effeetive 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)

Chclaring
agersl+ Cumulative 21day survi%al

(mmoks kg) NO. sumiving, No. started
i.p. %

(Salinc)”
0.80 DMPS
0.40 DMPS
0.25 DMPS
0.14 DMPS
0.07 DMPS
0.25 BAL
0.14 BAL
0.25 DMSA
0.14 DMSA
0.07 DMSA
O.mbkss

.-— ?.25r#err
.80 N-Ac-N-PM

0.25 N-At-m--Pen

0/48
32/ 32
12/i2
24 ~24
21/24
19,’24
22/24
2/24

24I24
20/ 24
16/24
0/12
0/12
0/12
0/12

o
100
Im
100
87.5
79
92
8

100
g3
67
0
0
0
0

●The NaAs~ (O.14 mmol=j kg) was injceted S.C.in the right rmr kg.
lTbe chelating agents were administered i.p. immediately after NaAsC+.
In this and subseqwen[Tabks. the data rcprescnf Nsscombhsc.dresults of a number of scpara[c

expcnrnents. Tbs data werecombined to take advantage of the rcsssltinglarger number ofanimak
for the calcubtioar of median doses, thcstaristkal evaluation of data and the more economical use
of pwbkation spaem Tbsm the reason for the numb INanimals in some groups differing from
the number in odser groups of the same Tabk is !hat vrry oflen the combined data arc the rcsuh of
from 2 to 4 scparats experiments in which differen[ numbers of animals were used in each
cxpcrisrsent. Otherwk.c. the cxperimems were performed under identical conditions. Norss of the
~pto cOmPti hsted in Tabk 2 arc toxic at the doses used and under the conditions ofdsc
presmt exfscrisrscnts.

TABLE 3. EXPERIMENTAL THERAPY WITH DMPS OR DMSA CAN BE
DELAYED AFTER ARSENIC POISONING (16)

Dithiol and tirass Cumulative 21da} survival %
●fter NaAs~*

* was given No surviving,’No. started

(Saline) 0,’20 0
0.25 DMPS

al 60 min 16, 19 84
at 90 min 18’19 95
●{ 120 tin 1720 85

0.25 DMSA
al 60 min Is, 19 79
at 90 min 19. m 95
at 120rnin 11/2s3 55

~+ ●AU animak r-ived NaAsq (O.14mmoles/kg) S.C in the right rar kg. DMPS and DMSA
/cre given i.p. AI lhc start of the cxpcrimcnt, when NaAs(+ was given. there were 10animals in

=Ir grohp. However, in 3 of the cxperirncntal gsosrp.s.one animal died before DM PS or DMSA
was administered. Therefore, those groups ●rc listed with 19 instead of the 20 started.
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TABLE 4. PROPHYLACTIC AND ORAL ACTIVITY OF
DMPS OR DMSA (16)

Thiol Cumulaltvc 21day survival
compound No. surviving No. started

(mmoles, kg)
oral f%

Sahnc O 28 0
1.0 DMPS* 16, 18 89
0.7S DMPS 8 10 80
0.50 DM PS 16 20 80
0.25 DMPS 1? 20 85
0.12 DMPS o 10 0
1.0 DMSA 88 100
0.50 DMSA 10:10 lMI
0.25 DMSA 8, 10 80
0.12 DMSA 4/ 10 40

The NaAsq (0.14 mmolcslkg) was administered S.C.in the righ[ rear leg. Dhl PS or DMSA
was given orally 15 mirs prior to the NaAq.

●The survival of control animaks receiving 1.0 mmolcs of DM PS per kg and saline. insrcad of
NaAs~, was ltW%

The experiments summarized in Tables 2 to 4 demonstmte 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-acmtyl-rm-penicillamine are without beneficial properties
against the lethal effects of arsenic under the conditions used in these
experiments. Although to our knowledge, arsenic chelate stability constants
have not been determined for DM PS or DMSA, such constants. as well as the
influence of DMPS in stimulating arsenic excretion, would be valuable in
designing and determining the most effective chelating agent for therapy of
arsenic poisoning.

Meanwhile, the relative effectiveness of a number of metal binding agents.
with particular emphasis on DMPS and DMSA, has been evaluated
quantitatively by determining their activity in changing the LDWof NaAsO: in
mice. In addition, the therapeutic index of DMPS and DMSA has been
determined.

DMP> or DMSA incrr=-ascs the L Dw of NaAsO1

The LDW of subcutaneottsly administered !SaAs02 was found to be 0.132
and 0.127 mmoli kg in 2 se~rate experiments. When the data of the 2
experiments were combined and used to determine the L%, it was found to be
0.129 mmol/ kg (Table 5). The curve is remarkably steep, having a slope of
40.76, if the proportion survival vs dose model is used. The animals that did
not survive usually died within 3 days after injection.
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TABLE 5. LD~ OF SODIUM ARSENITE IN THE MOUSE (20)

NaAs02 EXP. I Exp. 2 Summatton

(mmol/k& s.c.) Dead Dead Dead
S=d S=d S=d

0.08 0“8 — 08
0.09 0,’11 08
0.10 0’8 0;12 0,20
0.11 ()/8 — 0; 8
0.12 I;B 2/12 320
0.13 3/8 7/12 10 m
0.14 7i8 12/ 12 19, 10
0.16 — 12/12 12, 12

l% (mmol/ kg) 0.1315 0.1274 0.1290
9% Contkteoec (o. I22,0.260) (0.sxw,o. 131) (O.125,0. 139)

isstervat

---=’~qnewayof quantitating the activity of a dmg in overcoming the toxicity of
. agent is to determine how much the LDm of the toxic agent is increased by

giving moreof the potentialtherapeuticdrug. 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 NaAsOz, the LDW of NaAsOz is
increased approximately 4.2-fold to 0.538 mmoI/ kg (Table 6).Under (he 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 5% more than when DMpS is @ven. Since the t-% of
NaAsOl plus DMPS falls within the confidence interval of the LDW of NaAsOz
plus DMSA, it appears that the effect of DMPS and DMSA on the LDW of

NaAsOz is essentially the same under these experimental conditions.

Determkation of 7%erapeutic Index

It ,was also of interest to determine and compare the therapeutic index of
DMPS and DMSA as a measure of their relative po[ency. The therapeutic
index under these conditions was determined by dividing the LDW of the
dimercapto compound by its EDW. The latter value ~ defined as the amount of
dimereapto compound (mmol; kg) protecting 5@%of the animab against the
lethal effects of 0.15 mmol NaAsOz; kg. The latter dose kills 100% 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 value of 5.57 mmols/kg obtained by
Kostygov (9) and 5.02 mmolsl kg, i.p., in mt& as repomd recently by Planar-

_._.. hne ‘ef af. (27). For DMSA, the ~ is 13.58 tnmoLs/kg (Table 8). It
spares favorablywith 12.1mmols/kg,i.p.,foundinmicebyShih-Chune~

al; (11)in Shanghaiand Pekingand !4.0mmols~kgdeterminedby Matsuda
Um.c .’”:,,.

“.::.,:. ,..,
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TABLE 6. DIM ERCAPTO-I-PROPANE SULFONATE OR
MESO-DIMERCAPTOS UCCINIC ACID INCREASES

THE LDW OF SODIUM ARSENITEO (20)

DMPS DMSA

(mmoljkg. s.c.)
No. Dead No. fXad

No. Started ~=

0.35 0,’I2
2,124

0.40 5;24 81124

0.45 0;12 8/36

0.46 2/ 12

0.50 8!24 5~24

0.55 13/24 III%

O.w 18/24 15/36

0.65
— 10/ 12

o.m 23/ 24 33/36 -

0.75
— 12)12

0.538 0.573
L% (mmol kg)
95% Confidence (0,492, 0.5W) (0.443, O.m)

interval

●DMPS or DMSA. ().80mmol kg, was given. i.p. immcdiatcl} after ●nd 90 Inintilcr Nfl%

TABLE 7. LDW OF
DIM ERCAPTOPROPANESULFONATE IN MICE (20)

DMPS p@

(mmois ~k~ i.p.) Started

3.3 0i8

4.0 0 ‘8

5.0 7{16
cc 5’8>.2
6,0 78

6.6 15’16

7.0 8:8

9.9 8,8

LDW (mmols: kg) 5.22

95$1Confidcna (4.35,5.51)

interval

(10) in Japan. An LDW in excess of 16.5 mmols/ kg has been reponed by
Fnedheim and Corvi ( 12), It is not clear whether this latter higher value k due
to a difference in the mouse strains used or is due to a higher purity of DMSA.
When rnisx were given NaAsOz(O.15mmol/kg) S.C.and 10min Iatcr were
treated, i.p., with differentamoun~ of DMPS,the E% was foundto beO.~
mmol/ kg (Table 9). The E% under these exmdition$ for DMSA was 0.065
mmol/ kg. The therapeutic index for DMPSor DMSAundertheseconditions
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TABLE 8. LDW OF MESODIMERCAPTOSUCCINIC
ACID IN MICE (20)

DMSA Dead

(mmols, kg. i.p.) S=d

6.0 0/32

12.0 8,/32

13.0 6/!2

14.0 9/12

16.0 19,24

18.0 17/20

24.0 32/32

LDW(mmok; kg) 13.58

95% conkknce (11.36, 15.22)

interval

__ ,,

TABLE 9. DETERMINATION OF THE E% AND THERAPEUTIC INDEX
OF 2,3-DIMERCAPTOI-PROPANE SULFONIC ACID, NaSALT, AND
MESODIMERCAPTOSUCCINIC ACID WHEN GIVEN 10 OR 35 MIN

AFTER 0.15 mmok NaAsq/kg (20)

DMPS DMSA DMPS DMSA
Dimercapto

agcnl + 10 min + 10 min + 35 min + 35 min

(mmol~ kg i.p.) numtscr surviving,’numkcr started

0.010 0,’24 — 0,12—

0.0}5 0/36
3/36 ——

0.030 1/36 5;24 7/36 1,30

0.040 6;24 ——

0.045 6; 24 8, 24 —

0.050 10!24
—

0.060 6/24 13/24 18/24 5’38

0.0675 15:24
— ——

0.070 9:12 —

0.075 21/24
* O.mo 18:24 — 5, 12—

O.OW 30/24 15/24 3 10

0.100
16’28——

0.105 31/36 3036 ——

0.120 35/36 — 34’36 8/12

0.125 21;24 — 13/17—

0.150
— 21/30—

6.8
0.164

—

0.200
3746—

O.w
35 38

~;:&)
0.061 0.119

(;% ,,” (:% (o.071-

__&=% t“ O.w) “ ‘ “intend
“:’%% 0.164)

.,.
T-kciapcllti$ ,,,. -, ) ;“:: -’.:’,:’ “+~:i.:ij:~;:’(?”: :“& ‘“” ,:,,-11$ “

indcrj ,.. ~. 79 n,. ):, $i, :!. r. ).:C?.’- ,-

1
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was 79 and 209, respectively. When the DMPS and DMSA was given 35 min
after the NaAs02, the therapeutic index was found to be 86 and 115,
respectively. As can be seen under these conditions, DMSA can be considered

to be a more effective agent than DM PS in protecting mice against the lethal
effects of NaAsOz under these conditions”

Other metal binding agents were also tested for their activity in protecting
against the lethal effects of NaAs02. Neither D-pen nor ~-AC-DL-pCn changes

the LDW of NaAsOz signficantl y 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 diethyldithiomrbanate, a-mercaptopropionyl-
glycine, DL-N-acetYlhomocYsteinethiO1actOne* and monomercaptosuccinic
acid.

TABLE 10, NEITHER D-PEN ICILLAMINE NOR N-ACETVL-DL-
PENICILLAMINE INCREASED THE LDm OF SODIUM ARSENITE (20)

none wPcn* N-AC-DL-pCn*

NaAs~ Dead Dead QcaJ

(mmot. !kg, s.c.) Smd Smd Started

0.10 0/12 0,8 0:8

0.12 2/12 58 ]/8

0.13 7/12 7;8 5/8

0.14 12/12 8!8 4,8

0.16 12/12 8j8 8;8

0.20 — 8/8 88

0.127 0.119 0.133
L% (mmol kg)
9s~ Conhdcna (o.tt80- (0.078- (o.054-

intcn’al 0.131) 0.19[) 0. 142)

●mpm or ?i-Ac-DL-pCn (0.80 mmoki ‘kg) wits gwcn. i.p.,immediately following and at 90 mm

after the metal bmdmg agent.

DMPS and Dh4SA Have Anti- tiwisite Acrivi[y
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 medieal students and biomediml 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 ]ewisite. This almost necessitates that any
compound proposed as a replacement of BAL be shown to have anti-Iewisite
activity. Thus, we have tested DMPS and DMSA for their activity in
protecting against the lethal effects of lewisite. The experiments were begun
last March in collaboration with Drs. Brennie Hack]ey, Miliard Mershon and
Mr. Floyd Brinkley at the BtoMed Laboratory at Aberdeen.

Lewisite is an arsenic mntaining CW agents. lt is an oily liquid at 200. It
causes blisters, tissue destruction and blood vessel injury. Systemic poisoning
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leading to death is possible. As a CW agent, it is considered to be a moderately
delayed casualty agent. Its chemical formula is shown in Figure 2.

Since the introduction of British Anti-Lewisite at the beginning of World

War II, all of the therapy of prophylaxis of lewisite has been aimed at

chelating the arsenic in the molecule and making it biologically unavailable.
This was the basis of Sir Rudolph Peters’ search for British Anti-Lewisite.

in the present experiments, the rabbit is anesthetized and then shaved.
Using a microlher syringe, Iewisite (29.7 Prools,’ kg) is injected S.C.The volume
of Iewisite injected usually amounted to between 7 and 1I PI, depending on the
weight of the animal. Table I I shows that either DM SA or DM PS will protect
rabbits against the lethal effects of Iewisite. Using lewisite alone, none of the 6
animals survived. If the animals received 75 pmols DMSA/kg at the times
indicated, all of the animalssurvived.DMSA protects against the lethal
systemicefleetsof lewisite.In the second experiment, only I of 6 animals
receiving kwisite sumived; 66% survived when receiving the 75 pmols
DMPS/ kg regimen; and SO%of those miving BA~surviv~. Wedo not
wish to imply that the effectiveness of these agents against lewisite is in the
order of DMSA > DM PS > BAL. More data are needed before relative
effectiveness can be stated.

-Ormmimw - AR9@mJa Olu’tomx

FIG.2. Chemical formrrta for kwisite

* TABLE 11. DMSA OR DMPS WILL PROTECT RABBITS
AGAINST LETHAL EFFECTS OF LEW’lSITE

7da) sumival
Expt. pmols: kg” sumival. start %

I LEWf — 0,6 0
LEW + 75 DMSA 66 100

II LEW + - lb 17
LEW + 75 DMPS 4,6 66
LEW + 7!i BAL 3/6 s

‘AU agentswcrrgivenS.C.cxocptBAL wbicbwasaim i-mThestatedamounlofdimcrcapto
compoundsweregiven●t +1”.*, +lSO’,+360’ aftCrkwiaiteandam. andp.m 00day2arrd3.

t29.7pmob tcwik/kg T6cscexpcri=w wm performedin colla60ratiort with Drs. B.
Hackky, M. Mcratsors ●nd Mr. F. Brinkky.

.,-- .... . -.
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The data, however, clearly show that DMSA or DM PS will protect rabbits

against the lethal effects of lewisite. In this respect the compounds can be said
to have Anti-Lewisite activity.

Treatment of Cadmium Toxicity

Cadmium is virtually ubiquitous. h 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 1pg. the body burden increases
approximately 30,tM0-foM (to about 30 mg) by age 50 years (32).

In experimental acute cadmium poisoning, DTPA or EDTA are marginally
effective (30, 33-37) and dimercaptopropanol is contraindicated (37-39). It is
astonishing that no accepted dependable effective drugs have become
availabIe for treatment of cadmium intoxication, especially since the
biological effeets 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, 4 I).

1 would like to present in a very brief manner some of the unpublished
results of my laboratory group as to attempts to find a therapeutically useful
cadmium bhding agent. DM PS proteets mice against the lethal action of
cadmium chloride (Tables 12, 13 and 14). Multiple ligand therapy, however,
involving CdC~, DM PS and EDTA is ineffective. These observations (Tables
13 and 14) confirm those of Planas-Bohne (41) and to some extent those of
Jones er af. (18).

In Table 14 arc summarized the results with penicillamine and its analogs.
Under the conditions of these experiments neither penicillaminc nor anyof 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 -drnium lethality and its therapy should be followed by kidney
function tests.

Clinical ~ectiveness in h4an

Obviously 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 LIGAND THERAPY

IS INEFFECTIVE

CdC12 Chelator(s)
(mmoli kg) (mrnol kg)

Cumulative 28-day sunival %
Group (i.p.) (i.m.)

No. surviving, No. staflcd

I
II

Ill
Iv
v

VI
Vll

Vlll

lx

x
——+-_- ...

xl

X11

O.(M +
0.06 -+
0.06 +
0.06 +
0.06 +
0.06 +
O.w +
0.06 +

0.06 +

0.06 +

0.06 +

(Sahne) +

(saline)
1.0 DMPS
0.4 DMPS
0.2 DMPS
0.50 CaNqEDTA
0.10 CaNqEDTA
0.05 CaNqEDTA
l.ODMPS&
0.50 CaNqEDTA
0.40 DMPS &
0.10 CaNqEDTA
0.20 DMPS A

,0. H) CaNqEDTA
0.20 DMPS &
0.05 CaNqEDTA
1.00 DMPS

1356
19’20
12,20
6,30

12; 18
8’20
4 18

10,10

2[12

3/12

3/10
9, 10

23
95
60
20
67
40
22

100

17

25

30
90

●llsc i.m. injections wers given 64 min after the i.p. injection of Cd
fllsc one ●nimal that did not survive in this group died on Day 21. Death ●ppeared 10bc lhc

result of fighting.
$Whcn saline was given i.p. instead of CdC$ ●nd any of the following wtrc givtn i.m.

(mmollkg) the survival was 100% DMPS (0.80) or (0.20): CaNqEDTA (0.50) or (0.05): DMPS
(1.0) & CaNqEDTA fO.5k DMPS (0.20)& CaNazEDTA (o.05).

TABLE 13. DMPS GIVEN ORALLY INCREASES THE SURJ’IVAL OF MICE
RECEIVING CADMIUM CHLORIDE (0.06 mmol kg) I.P.

TIms ●fter CdC$ that Cumulative 28day survisd

* DMPS ([.0 mmo; kg)” No. surviving No. started
Group was given osally %

(rein)

I -t. –. I 16 6
II +10. + 90. 10 16 62

111 +10. + 90. 13 15 87
Iv -, + 90, 10 16 62

The following groups arc
controls and rmcivcd
saline in place of CdC$

v +io, —, 14/ 16 88

VI +10, + ‘m. 16; 16 I@
. .s. , :VII. ,—. + 90, 16/16 100r.

~ ●modt d DM=’givca at each time
. .. ~)f DMPS - not administered =5* IS”=@wn h i~ kJa=-

‘..-, . ’...,,.,.. ...
.> ?<i,..,.:....;,;’; . ,).
.. . . .’ ‘ .:: .,..,..:. “;j?, .: ,7.. .,- ... ,
j ;);: :,:::,,.:; “’’:;.:.!:!’;;?;;.,’.: ::,t.’;:”:‘ ,.
r.=, :.:_:,~.:. .,..,:,.,...



TAB[. E 14. NFITHER PFNICII. I. AMINF NOR ITS ANA1.OGS PROTECT MICE FROM
lHE I. ETHAL EFFECTS OF CADMIUM

CdC_12 Thiol compound Min after CdC$ Cumulative
Group (i.p. ) (oral) !hnt thiol cmpd, 28-day survivat %

(mmot/kg) (mmoi/ kg)”

I
II

Iii
Iv
v

V[
Vll

Vlll
lx
x

xl
X11

X111
Xlv

0.06
0.06
0.06

(satine)
0.06
0,06
0.06

(saline)
(saline)
(saline)

0.04
0.06

(satine)
0.06

+
+
+
+
+
+
+
+
+
+
+
+
+
+

(wlinc)
1.0 N-At-Pen
1.0 N-At-Pen
1.0 N-At-Pen
1.0 mPcn
1.0 D-Pen
1.0 mPen
1.0 o-Pen
1.0 o-Pen
1.0 D-rcn
1.5 N-Ac-thiolisolcuc
1.0 N-Ac-thiolisolcuc
1.5 N-Ac-thiolisolcuc
1.0 N-Ac-!hiohsolcuc

—
+10:+;. + lBO
+lo. +—. +—
+10, +99.+ 180
+10, +90, + 180
+10, + —, + —
+to, +90, +—
+10, +-, + —
+lcs, +90. +—
+10. + 90, + 180
+10, +90, + 180
+10. + 90, + 180
+10, +90. + 180
+lo, +—. +—

2/32 6
I/u 13
0/u o
81R too

15/16 94
o/m o
1/8 12
8/II 100
7/8 Uii
7/8 88
0/8 o
3[ Ifr 19
6[ u 75
6/8 75

xv (saline) + 1.()Whiolisnlcuc +lt-). +-, +— 3/m 38
Xvl (saline) + 1,0 13-thioli!wlcuc +lo. +—. +— 9/9 100

.’
,; ‘Amount given at each stipulated time.

~These results arc the sum of 4 separate expcrimcnt~,,, ,
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clinical use ht the treatment of heavy metal poisoning. There have berm recent
reports that confirm their effectiveness in human therapy. DM SA 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 reccwery. DM PS has also been effective in human arsenic poisoning
(Wager,personalcommunication).Friedheimet al (43)in an extensionof
experiments with experimental animals have reported the effectiveness of
DMSA in treating lead poisoning and that it increases the unnaty excretion of
lead in smelter workers. DMSA waswelltoleratedand no signsof toxicity
were evident. The usefulness of DM PS in the Iraqi mercury disaster has been

TABLE 15. COMPARISON AND SUMMARY OF SOME OF THE
<l“;~ INFORMATIONABOUTAND PHARMACOl.@KAL Properties—=..=—— .,:,.,* .’; .,i.:,? -.. ,, OF DMPS AND DMSA ~ ~,. . . . .

L3-Disrstrcaptoprofsanel +ulfonatc. Mcsd.3-dkmerupto$wt%nk ●cid
Ns salt (DM PS. unithioL dimaval) (DMSA StrWimCr)

1.

2.

3.

4.

S.b

6.

7.

&
9.

Synthesized in 1950-51 ●t the Ukranian
Rcs. Inst. for Health-chemistry by
Pctrunkin. Pubfishcd in 1956 (4).

CrystaffirK powder, readily solubk in
water. Very stabk during steriltition
●nd fortg-term storage.

Low toxicity. ad] tokratcd even for
chronic u=. bul DMSA is Ics toxic (20).
Mapr toxic cficct of high dose is
hypotcnsion (6. 8).
Dwtribu(cd in cxtraallular spaa,
exclusively(14).Excretion is urinaty and
rapid (14). Metabolic involvement
supposedly norsc.
EfTcctivcantidote for As, H% Sb, As.
Au. Cu, Cr. Pb. Po, Co, (6, 7, 16, 20.
4549)
Urinary excretion of Cu and Zn Increase
Fe, Co, Mn or Ni excretion, none or
minimal (55).
lncrcasc bile ffOW.
Tfwmocsstic dose ●bout 250 mE for

L

L

3.

4.

5.

6.

7.

8.
9.

Fricdhcisu 1954. used Sb-DMSA to
irrcrcasc Sb uptake in sclrixtosomiaxii
tbcrapy (5). (lntensi=fy studied by
rrtaintarsd Chincac, 1959, for therapy of
occupatiortd d poisoning ( I l).
PrimarySAct invcstigaror since W65
has been Okornshnikova (50).
C~lfiSSC pmdcr. Must be brought to
pH >5.S before compktcly sdubfc in
water. Stabifity during sterilization ●nd
long term storage unknown.
Toxicity is ●boul 2.5 times kss than
DMPS (20).
Major toxic cflcct of Klghdose unknown
●t prc5c0t-
Diatribution m body compartmcots
unknown at present.

EfTcuiW antidote for Ax. Pb. Hg, Zn ( 16,
20, 50-54)

Urinary exuc$ioo of CO. Fe. Mn CU.os
Zm none or minimal (43).

EfTkcton bk flow unknown.
Tfscraocutic dose from 0.5 to 2 ~ for
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documented recently (44). In fact DMPS, as DIM AVAL, is mtapproved drug
in West Germany for the treatment of mercury poisoning.

There are many reports in the Soviet literature dealing with DM PS and
DMSA both in experimental conditions or for human therapy. Some of them
are cited in the summary of the properties of these two very important metal
binding agents listed in Table 15. Obviously, these two water soluble analogs
of BAL that are advantageous as to overall effectiveness and low toxicity can
be expected to replace virtually all the therapeutic uses of British Anti-
Lewisite.

SUMMARY

Water soluble analogs of British Anti-Lewisite that are active orally and less
toxic than BAL are now available. These agents am 2,3dimercapto-1 -
propanesulfonic acid and mesodimereaptosuccinic acid.Evidence for their
effectiveness in preventing the lethal effects of sodium arsenite in tnicc and
lewisite in rabbits is presented. These analogs can be expezled to replacs BAL
in the treatment of heavy metal poisoning.
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A. INGREDIENT NAME:

FERRIC SWBSULFATE PURIFIED POWD ~E

B. Chemical Name:

Approximately Fe4S0,)5(OH)Z

C. Common Name:

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

Feric Subsulphate (variable)

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

Off white to pale yellow to brown fine powder, is odorless.

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

The Pharmacopoeiaof the U. S.

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

H. Information about dosage forms used:

Topically

I. Information about strength:

—



-
J. Information about route of administration:

Topically

K Stability data:

Decomposition: 520”C

L. Formulations:

M. Miscellaneous Information:

—_

—
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CHEMICAL NAME: FERRICSUBSULFATE PURlFlED

CATALOG NUMBER: 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,

+
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QUALITY CONTROL REPORT

CHEMICAL NM. : FERRIC SUBSULFATE POWDER.4

MANUFACTURELOT NO. :LF0302

PHYSICAL TEST

specification TEST STANDARD. :USP /BP /~RcK /NF /MART. /CO.SPECS. .—— —. — —

l)DESCRIPTION .:

qFF WHITE TO PALE YELLOW TO BROWNFINE POWDER.IS ODORLESS.

2)SOLUBILITY. :
SLIGHTLY SOLUBLE IN WATER AND IN ALCOHOL.

3)MELTING POINT.:

4)SPECIFIC GRAVITY. :

5)IDENTIFICATI,0N .:
A)A SOLUTION RESPONDS TO THE TESTS FOR FERRIC.

PASSES. : FAILS .:

COMMENTS. :PRODUCT GETS AFFECTED BY LIGHT AND AIR.

ANALYST SIGNATURE. :

PRJZPACK TEST. : DATE. :

RETEST .: DATE. :

DATE. :

INITIAL. :

INITIAL. :
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Material Safety Data Sheet
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Siwtm :1..ghtlkil Wiidlkitilk 6ok@#hJqaenti@etioh “ : : ‘,:
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,>:, .,... . : . : .,. .:...,. . :,..,<,..,.,..,:: ,,.

:onsnsonName/ Ferric subsulfate
“radeName

flanufacturer SPECTRUM CHEMICAL MFG. CORP.
14422 SOUTH SAN PEDRO STREET
GARDENA, CALIFORNIA 90248

:ommercialNam@s) Monsel’s Salt

;ynonyln Sask ferrk sulfate

:hendcalName Not available

:hemical Family salt.

!hemical Formufa Fe4(OH)2(S04)5

~upplier SPECTRUM QUALllY PRODUCTS, INC.
14422 SOUTH SAN PEDRO STREET
GARDENA, CA 90248 I

Code F3150

CAS# 1310-45-8

TSCA On theTSCA Ilst. I
cI# Not applicable. I

fNCASE OF EMERGENCY
CHEMTREC (24hr) 800-424-9300

Emergency phone: (310)518-8000

I ExPossn? Liadh I I

{ame CAS# IWA (mg/@ STEL (mg/ss#) CEIL (mghd’) % byWeight

‘erric subsulfate 1310-45-8 1 100

‘toxicologicalData Ferric subsulfate
ssIngredients LD5r3 Not available

LC50 Not available

‘otential Acute Health Slightly dangerous to dangerous in case of ingestiin. Very slightly to slightly dangerous in case of eye
Mkcts contact (irriiant), of inhalation.

‘otenlial Chronic Heatth Very shghtly to slightly dangerous in case of eye contact (irritant), of inhalation
MTects CARCINOGENIC EFFECTS’ Not availa bla MUTAGENIC EFFECTS Not available TERATOGENIC

EFFECTS: Not available. The substance is toxic tJJ blood, ktineys, liver, Toxicity of the product to the
reproductive system: Not available, Repeated or prolonged exposure to the substance can produce target
organs damage

WARNING: This producl contains a chemical known to the State of California to cause cancer.
Chemical ingredient(a) requiring this warning:

NONE I
WARNING: Thie product contains a chemical known to the State of California to cause birth defects or
other reproductive harm.
Chemical ingredient(a) raquiring this warning:

NONE I
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Eye Contact IMMEDIATELY flush eyes with running water for at least 15 minutes, keeping eyelids open COLD water
may be used

skitscontact NO known EFFECT according to our database

SeriousSkin Contact No additional Information

[nhabation Allow the victim to rest in a well ventilated area. Seek immedia:e medical attention.

SeriousInhalation No additional information

Ingestion Remove dentures t any Have conscbus person drink several glasses of water or milk INDUCE VOMITING
by sticking 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.

$enous Ingestion No addltiinal Information

. ,,..,,.,. .
$2di@ 5. rfE.a@ ExplosionDa& “ “’

Vammabilityof the Product Non-flammable

4ute-Ignitfo~Temperature Not applicable

Vash Points Not applicable

Vammable Limits Not applicable

%oduetsof Combustion Not applicable

~ireHazard~in Presence of Not applkable.
/arious Substancm

?xIslosionHasards in Risks of excJosion of the Droduct in Presence of mechanical imDact Not available

I
-.

Presence ofVarious Risks of explosion of the product in presence of static discharge: Not available.
Substances No specfic information is available in our database regarding the product% risks of explosion in the presence

of various materials

Fire Fighting Medii Non-flammable.
and Instrwtions

,
~SpectalRemarks oa No additional remark.
~Fire Hazards

Special Remarks oa No additional remark.
Explosion Hazards

Small Spill Use appropriate tools to put the spilled solid in a convenient waste disposal container If necassary
Neutralize the residue with a dilute solution of sodium carbonate. Finish cleaning by spreading water on
the contaminated swface and d!spose of according to local and regicmal authority requirements

Large Spilf Our database contains no addtional information in case of a spill and/or a leak of the product. Use a

shovel to put the materiil into a convenient waste disposai container Neutralize the residue with a dilute
solution of sodium carbonata. Finish cleaning by spreeding water on the contaminated surface and allow
to evacuate through the sanitary system.

1
!

li*&”7.’Aitiii&”iti’s&fAg&.!” :“ ::;:.!’:’:’ ‘:;::::: :::’::’:’:”’ :’:”’i :“ ‘::’’”” ::’””::’”” ““”: ““::’””:”:’ ~i~:i: ::’: ‘: “
,, . . .... .. . .

Precautions Nospecific safety phrase has been found applicable for this product.

Storage No specifii storage is required. Use shelves or cabinets sturdy enough to bear the weight of the chemkals.
Be sure that t is not necessary to strah to reach materials, and that shelves are not overloaded.

,, ..,{,<,:.... .... ... ... ........ ... .c@ti@uegopmtP ~@?””: ‘: ; ‘“ ‘“:’: ““ ‘“” “; ““! ‘“ “ : “’ ‘:” ‘$ “ ‘:;, “ ‘ ;
....!< ,.,::.
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~, :&iii.i*”8.~Expos@C@&olyPefsqn#Protecticm,...,... . . . . . . .
Engineering Controls Use process enclosures, local exhaust vertila!ion, 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. 1

Personal Protection Safety glasses. Lab coat

PersomalProtection in Case Splash goggles Full suit Bocts G!oves Suggested protecttie clothing mght not be sufficient, consult a
bf a Large Spill specialist BEFORE handllng this product,

Exposure Limits TWA” 1 (mg/m3) from OSHA/NIOSH [1993]
TWA. 1 (mg/m’) from ACGIH [ 1993] I
Consult local authorities for acceptable exposure limits,

,...”.,<,.,,. ....:,,,.,,,,,,4,,<.,,,, .,,....,.,,,..,:,,.,..,.,, ,,.<<..,:,,....,.... .....,.,
WMW9. Physlcalmtf.chdit?lcqm@iriq :;‘ : : ::.,; :..

‘hysieal state and solid. Odor Not available
Ippcaratsee I
tiolecuiarWeight Not available.— Taste Strong

— Color Brown.
)11(1% solnhvater) 4 I

Ming Point Not available

fieittssgPoint Decomposes

Mid Temperature Not available. I
@citlc Gravity Not available I
~aporPressure Not available.

/apor Density Not available.

~datility Not available.

)dor Threshold Not available I

Vater/OUDkt. Coeff. Not available. I
onicity (in Water) Not available I

)ispersion Properties See solubilrty in water. I

~olubihty Easily soluble in cold water, hot water, I

StahiUty The product is stable.

hsstabiiity Temperature Not available.

Conditions of Instability No additional remark.
I

Incompatibilitywitls various No speclf!! informationis available in our database regarding the raacttvity of this materiai in presence of
substances various other materiels.

Corrosivtty Non-corrosive in presence of glass.

Speciel Remarks oe No additional remark.
Reactivity

SpecialRemarks 0s No additional remark.
Corrosivity

Polyrntrisatiorr No.
I
I

,:.,
‘;’:’&w@ii*biiMijiiP* ‘“)‘“ ‘ ‘ ‘“’:””:’””“’’:’’’”‘“”’““”‘“: ‘“‘ ““” ‘“’:’“:”“ ‘“” “;” “: “.’’::: I
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Fem”csubsulfate Page Number: 4

. . . .

:. :$*6..!<: ?Mdod+[ @wfwff~.

,< ,.

Routes of Entry Ingestion

rosicity to Animals LD50:Not available
LC50:Not available

ChronicEffects on Humans The substance is toxic to blood, kidneys, liver Toxicty of the product to the reproductive system: Not
available.

Dther Toxic EtTestson Slightly dengerous to dangerous in case of ingestbn
Humams Very slightly to slightly dangerous In case of eye contact (irrtant), of inhalation.

special Remarks os No additional remark
roskity toAnimals

$pccialRemarks o~ No additional remark.
ChronicFXTectson Humans

SpecialRemarks os other No additionalremarfr.
I’oxicEffects on HUSIISSSS

Mit#jtz:wib@M!nfoiiik?tioh ....... ... ... ,.,, ;,:,,.,,,:....~ ~ .: ,.”,.... . ~~ :. : .“. ‘: ““.,:’<,(. .;:...,....... ...6 .:, > <>,,:,... . . . . ‘, . . . . ... -,.. ,, . ..- .:. . f.:;; 1
Ecotoxicity Not available

I

EOD5and COD Not available I

Productsof Biosfegradation Some metallicoxides

rosicity of ths Products The products of degradation areas toxic as the original product
J Biodegradation I
@ecial Remark on the No additionalremark
Productsof Biodegradation IJ

..,. .’.,..., . . . . .. ... .. ...../..,. .,,,., , ... .. .... . . . . . . .. . . . .. . . ...

bkte Disposal Recycle to process, if possible Consult your local or regional authorities I

)OT Classiilcation Not a DOT controlled material (United States).

desstikation Not applicable (PIN and PG).

:@sxialProvisions for Not applicable

‘ransport I
KIT(Pictegsams)

1
4

:’ .’.:.. . ..., ..-.

.SaWiMI f5.. 0fb6trRegufa?toti lofiackin and’FliY&rams” .,.’;” “ i.:: ““..:’ ::.::’ ‘::. “:’:1””’:’.;;!;: ~~;~; ~~~;1:.;:”;

~edersland State The fdlowmg product(s) is (are) listed on TSCA Ferric subsulfate
lcgulations

;alifornia WARNING: This product contains a chemical known to the State of California to cauae cancer.
%tqsosition65 Chemical ingredient(a) requiring this warning:
k’arnings

NONE

WARNING: This product contains a chemical known to the State of California to cause birth defects
or other reproductive harm.
Chemical ingredient(a) requiting thie werning:

NONE

Other ReguMbsss tXHA Hazardous by definition of Hazard Communication Standard (29 CFR 1910. 1200)

I

@@i@@’i3iij@P&”;‘ ‘ ‘ “
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Material Safety Data Sheet
I NFPA HMIS I Persomal Pretcctivc Equipment I

@

o0
I San SXTi.ri f: I

1 I I —..-”.. . . .

I

,., .
?*?.e@!?4!Fqri*.e$**$’*eri@i$tiofi“;:’ “+ ‘:;”:;:;‘“i::::::.ij”:.”i;!‘:““””jj:,:;:&#:rn&j;f:’? ““

:ontmonNams/ Ferric Subsulfate Solutlon Code F3 155
‘ra& Name

CAS# Not applicable

hwfactuw SPECTRUM CHEMICAL MFG. CORP. RTECS Not applicable,

14422 SOUTH SAN PEDRO STREET TSCA Ail the ingredients are on the

GARDENA, CALIFORNIA 90248 TSCA list

:ommerciaiName(s) Monsel’s Solution cI# Not applkable.

‘yswlsysss Not available.
IN CASEOF EMERGENCY

:hemicalName Not applicable. CHEMTREC (24hr) 800-424-9300

;hesnicalFasnity salt. Emergency phone: (310)5168000

!hessdcmlFormsda Not applicable

upplier SPECTRUM QUALITY PRODUCTS, INC.
14422 SOUTH SAN PEDRO STREET
GARDENA, CA 90248

,..<,.,.,,,.,<.,.V ,.:.,,..,, ,,. ,. ,,,,,.,. *,..,,...,...,,,,<7...,,7,.,,:;<.: ?.,.<-.:...:,,.,,T,.::<.:, ......... ,r,:x..,.y? , ..:,,:.2,.,...,. . ,, . ..... .;.:.,.,,,,,,.., ; ,,,f-.~,,,,:: ,- r .... ..........!..,..!.,.,,..,,. ,- .,-..! ,. ... ,..,,.:... .

;#wm’2.c*6slm’#gg ~n@,~8ti~;*f@~epB: :: .:; ..’.’: “.’,:::. ‘:.;”::”:”.’:’.’.:;!,” .“ :’ ‘:’; ‘::: .:’,:’ ;: ‘: ‘,, .,,,,.-,>-. .. ... . ..
Eqosssm Limits

Iame CAS# TWA(m@t@ STEL (mghd) CEIL (mgM) % byWeight

‘erric subsulfate 1310458 1 Xx22
Vater 7732-l&5 7&S0

‘oxicdogkd Data Ferric subsulfate
55Ingredients LD50 Not available.

LC50 Not available.

. “,( <.,..<.:.,,,.,.>. . .,.,...”. “
“’$~d~$.~~~~$j~@ff~~’~: “~ ‘~:’::;: ~ :.; ’.; ;: ; :“:): ;.;;; ‘::’: ; ::.””,.-;;, ‘“ ;,, :’.} i;:”” .,,;,;,,::; ‘:’: .’

,., ..,- ,. .,. ,,. . ..> ., ..!,. .. . . . 2... . .. ...<...

.. . . ..,...,,.,:. ,, ...= , .,.,.,..,,. ..., ,. .,.:., ,. ..., ,. ...,.. . . .... . . ,,. r.., ,=. < ,,. !,.:–’.. . .. . . .. . t
‘otenttal Acate Health Very sightly to slightly dangerous in case of eye contact (irrtant), of ingestion, of inhalation. Not dangerous
Mkcts io case of skin contact (non-comostve for skrn, non-irritant for skin, non-sensitizer for skin, non-permeator by

skin).

‘otentk+l Chronic HAth Very slightiy to slightly dangerous m case of eye contact (irritant), of hhalation
~fl~* Not dangerous in case of skin contact (non-corrosivefor 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 blood, kidneys, Iver. Toxicity of the product to the
reproductive system: Not available. Repeated or prolong~ exposure to the substance can produce target
organs damage

WARNING: This producl contains a chemical known to the State of California to cause cancer.
Chemical ingredient(e) requiring this warning:

NONE

. . . . ..,,, . . ...,.Mtiwd&~*p~& .. ;,:: =:,. ,,:,::: ;“ : “: :-:: :’:. :-; :’: ,::::: ‘.: ..:: ‘:: “..::: ‘::::::: :::’, :::::’”:::,
.
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Fern-c Substi13te Solution Page Nurrrbw 2 1
WARNING: This product contains a chemicalknown 10the State of Californiato cause birth defectsor
other reproductiveharm.
Chemical ingredient(s)requiringthis warning:

NONE

GiuIdsu~l T. #-##=6 nlw lWWU*U* Ea .,.

EyeCwWsct IMMEDIATELY flush eyes with running water for at least 15 minutes, keeping eyelids open COLD water
may be used,

Skin Contact NO kncwn EFFECT according to our database.

Serious Skin Contact No additbnal information.

Inhalation Allow the victim to rest In a well ventilated area Seek Immedk$te medkal attention,

Serious InbAstion No addltbnal information.

Ingestion Remove dentures II any Have conscbus person drink several glasses of water or milk INDUCE VOMITING
by stiiking finger in throat. Lower the head so that the vomit will not reenter the mouth and throat. NEVER
gtie an unconscious person anything to ingest. Seek medical attention.

SerkeusIngestion No additional information.

: ... ... . ... >.!,., :.. , :,, .>.,., ,..>
‘Stim 6. FMW’#J ! :“: ,: ., .::: ::’ .:: :.,

,,.,..... ... .. . .. . ... . . .. . . ..,..,,,.

fasnsnabitityof the Product Non-flammable.

utwIgsdtbD Temp-ture Not applicable.

fash Points Not applkable.

famsmsbleLimits Not applicable

roducts of Combustion Not applkable

ire Ha=ds in Presence of NOt applicable.
‘al+0U5Subsbsmxs

xplosion Hazards in Risks of explosion of the product in presence of mechanical impact: Not available.
‘rasesrceof Various Risks oi explosion of the product in presence of static discharge: Not available.
ubstasxx.s No specfc information is available in our database regarding the product’s risks of exploslon in the presence

of various materials

‘Ire Fighting Medk Non-flammable.
nd Imtructw‘ 0s

pedal Remarks oa No additional remark.
‘Ire Hazards

pedal Remarks 0s No additional remark.
kplosion Hazards

ge$ff~~@ <Jderigl@~&##’@~@&*~ ““- “’ ; ; ‘: “’”;’ ‘“:’” ‘:: , ,.,, , :,; ..’ ‘:’:; “, :’; :/;; “’,;;: “ , ‘.’
. . . ...<.—,. .. .. .. . .:: .: ...4

mall spill Dilute with water and mop up, or absorb wth an inert DRY material and place In an appropriate waste
~isposal container, II necessary: Neutralize the residue with a dilute solutlon of sodium carbonate.
Finish cleaning by spreading water on the contamlnatsd surface and dispose of according to local and
regional authority requirements.

,arge Spitl Our database contains no addibnal information in case of a spili and/or a leak of the product Absorb Wth
an inert material and put the spilied materist in an appropriate waste disposal. Neutralize the residue with
a dilute solution of sodium carbonate. Fnish cleaning by spreading water on the contaminated surface
and allow to evacuate through the sanita~ system

MflY26 ‘9a 1E:D3 SPECTF3_Pl QLK21_I TY Pm. aD9



1 Fem”cSubsuhte Sol~”on PagP Number: 3

I Presautiasss No specrfic safety phrase has been found a~pl!cable for this product

.-
storage No spezifii storage is requ!red Use shelves or cabinets sturdy enOLgh to bear the weight of the chemicals

Be sure that k k not necessary to strah to reach materials, and that shelves are not overloaded.

. . . ...”.,,.!,..,.,, ..’
; “**d@ X ~E*63*”Contio~pqs~ Protection’ ~‘ : ‘: ‘ ‘. ~‘

. ...>.,.!,,:; .. . ..

Engineering Controls Provide exhaust ventilatbn or other engenearing controls to keep the airborne concentrations of vapors
below their respecttie threshold Iimt value

Personal Protection safety glasses. Lab coat Gloves.

Personal Protection in Case Splash goggles Full suit Boots Gbves, Suggested protective clothing mght not be sufficient; consult a
ofa Large SpifI specialist BEFORE handling this product.

EXPOSWS Limits Ferric subsulfate
TWA. 1 (mg/m’) from OSH#NIOSH [1993]
TWA: 1 (mg/m’) from ACGIH [ 1993]

Physical state and Liquid Odor Slight
appearance

Molecular Weight Not applicable
— Tsste Strong

Brownish-red.
pH(1% soinhvater) 4

BssUhsgPdnt 100”C (212”F)

MeftismPoint Not available

ICriticd Temperature Not available

Specific Gravity 1.58 (Water = 1)
.~

Vapor Pressure 17.535 mm of Hg (~ 2fYC) based on data for Water

Vapor Density 0.62(Air= 1)basedondatafor: Water

Volatility Not available,

Odor Thresbdd Not available.

_n.

~tiil.ist..esff. Not available

lonicity (in Water) Not available

Dispersion Properties See volubility in water.

Solssbility Easily soluble in cold water, hot water

Stability me product is stable.

Instability Tsenperaturs Not available

Conditions of Instability No additional remark.

Incompatibilitywith various No specific informationis available in our database regarding the reactivity of this material in presence of
substances Wrious other materials.

Corrosivity Non-corrosive in presence of glass.

Speeisl Remsrks os No additional remark,
Rextivily

Special Remarks os No addfional remark.
Corroslvity

Pdymerkstioss Not available

,... ....! .. ->,.. .,. ~,. -.t ,. ...’ .: :::: ;

:’: ..Coptinuedw<,NeM page
.. . . .. ..: .;...”:’:. :.. :, -:..: ,, .’:, ” . ... . .<.:.::;.:’ ;::”’:.’.””, .)’, ;:.,.....

.. ,3, .. . . !., ,, . .... .....:: ,- ”,:::“~..:”, ,,, :.,,.. .. .. I
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Routes of Entry Ingestion

Toxicityto Animals LD50:Not available
LC50: Not available

ChronicEffects 0ssHumans The substance is tox!c to blood, kidneys, liver Toxmty of the product to the reproductNe system’ Not
available.

OtherToxic Effects oss Very slightly to sightly dangerous in case of eye contact (irriant), of ingestion, of inhalation
Hrmsam$ Not dangerous in case of skin contact (non-corrosive for skin, non-irritant for skin, non-sensitizer for skin,

non-permeator by skin).

@eeial Remarks oa No additional remark.
Toxicityto Animals

SpeciaIRemarks oa No additional remark
ChronicEffects on Humans

SpeciaIRemarks oa otirer No addtional remark.
roxic EfTs!ctson Humans

., ..,.... . . ,.

Keotoxkity Not available

BOD5and COD Not available

Preduetsof Biodegmtatien Some metallic oxides

rO* oftheProducts The product tself and its products of degradation arenottoxk
rfBiodegradation

@ecial Remarks on the No additional remark,
Prodsrsts of Biodegradation

...>.,......... .,..,,,,... ,.,,.,: ,....... .... .......... . . .. . . . ~::.. ... .
:?!!:’ “:;’: ““:;::,”:~,;,. ‘:;:,“,:’,:,,’:;,,:,, :&

IWaste Dispoud Recycle to process, if possible. Consult your local or regional authorities.

00T Cfassifbtbsr Not a DOT controlled material (United States).

[derrntkattosr Not applicable (PIN and PO)

SpecialProvisions for Not applicable
rransport

DOT@ctograms)

@
/

Federal and State The fdlovdng product(s) is (are) listed on TSCA Ferric subsulfate, Water
Regulations

California WARNING: This product conteina a chemical known to the State of California to cause cancer.
Preposition 65 Chemical ingredient(s) requiring this warning:
Warnirrgs

NONE

WARNING: This product containa a chemical known to the State of California to cauae birth defects
or other reproductive harm.
Chemical Ingredient(s) requiring this warning:

NONE

Other ReguMions OSHA Hazardous by definition of Hazard Communication Standard (29 CFR 1910. 1200).
I

.,,., .,,.. .: :,,. . . . . .... .. .... . !...
~: “~*#,.*@&;Pa& “’”’. “ !’”~ ““‘ ““

.. .. . . ,. ..., ...:: :.:.’.: ‘;:::”:Z:. :.!:.:’,:::’“:’i:..:,:’ :’::::,::: ::’:’,i,”: ‘?,’..,..’.:, :,.:, .: ... ... . .. . . .. . . . . . . .., .;<:
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Ferric SubsWste So/m”on Page Number: 5

Otbcr Classifications lwHMIs,camldll, Not controlled under WHMIS (Canada)

IDSCLWEC) Not controlled under DSCL (Europe)

HMIS @.S.A.)

!
Yational Fire Protection ,~~ nm-t~

Association (U. S.A.)
H.* <,,>.$ Rexutit,

‘“.. /’ Spwlnchzws

WHMIS (Canada)
(Pictogranw)

@

DSCL (Europe)

(Pktograms)

@

TDG (Canada)
(Pictograms)

(?9
d

ADR(Europe)
(Fictograms)

Protective Equipment

m

Glovea

D
Lab coat

o

Safety glasses

,.”.,.. . . . .. . . . . . . . . . . . . . .. . .. . . . . . . .. -.:.. . . .
: ,; :.’”” ;: :.: :.’ ‘“’ “: ;: ;;’”’.’:’;:; ~~ :: ., ,,: ,. . . . . .

Cdalog Number(s) FE107

References Notavailable.

other special No addtional remark.
Considerations

Validated by E. Brull on 9126i97. Veritiid by E. BruU.

Printed 9(29/97.

Emergerq phone:(310)516-8000

MRY 26 ’98 lEi:~6 SPECTF3JI’I QIXrl_ITY PfrGE. El12



lRON, CHROMIUM, AND .\l. UMIXUM 449

1

and titratewith0.1N potassiumpermanganateuntila permanent
pinkcolorisproduced.Each cc.ofO.I N potassiumpermarrganate
correspondsto15.19mg. ofFeS04. Thisassayisexplainedinthe
chapteron OficiulAwava.
Storage—Preservethesaltin well-ciosed containers.

Uses—This salt is more stable in air than the fully
hydrated Ferrous Sulfate, and is more adaptable for
making capsules,pills,and tablets.

Usual Dose-O.2 Gm. (:~pprosimately3 grains).

Ferrous Sulfate Syrup U. S. P. Syrupus Ferri Sulfatis
[Sp. JarabedeSulfatoFerroeo]

Ferrous SulfateSyrup contains,in each 100 cc.,not
lessthan 3.75 Gm. and not more than 4.25 Gm. of
FeSO+7H,0.

,Metric A1tamative
Ferrous Srslfate . . . . . . . . . . . . . . . 40 Cim. 1 oz. av. 147 gr.
Citric Acid . . . . . . . . . . . . . . . . . . . . 2. I Gm. 31 gr.
Peppermint Spirit . . . . . . . . . . . . . . 2 cc. 31 min
Sucrose . . . . . . . . . . . . . . . . . . . . . 825 Gm. 27 oz. av. 236 gr.
Distilled Water, a sufficient quan-

tity,
To make . . . . . . . . . . . . . . . . . . . 1000 CC. 2 pints

Dissolve the ferroue sulfate, the citric acid, the peppermint

#&rthesolutionmtil clear.
s irit, and 200 Gm. of sucrose in 450 cc. of distillsd water; and

Then dissolve the remainder of the
sucrose intheclewfiltrate,and add sufficientdistilledwaterto
make 1000 cc. Mix welland strain,ifnecessary,througha
pledgetofcotton.

Assay—Transfer 25 cc. of Ferrous Sulfate Syrup, accurately meae-
ured, to a 250-cc. Erienmeyer flask. Add 15 cc. of dilutedsulfuric
acidand 100cc.ofwater,andshakewell.Titratewith0.1N eerie
sulfate,uerngorthophenanthrolineT.S.astheindicator.Each cc.
of0.1N eerie sulfate is equivalent to 27.s0 mg. of FeS04. 7HQ0.
This assay is explained in the chapter on O@ial Amaws.
Storag+Preaerve this Syrupin tight containers.

Uses-See Ferrous Sulfate.
Usual Dose-8 cc. (approximately 2 fluidrachms).

Ferrous Sulfate Tablets U.S. P. Tabellz Ferri Sulfatis

[Sp.TabletaedeSulfatoFerroso]

Ferrous Sulfate Tablets contain not less than 95 per
cent and not more than 110 per cent of the labeled
amount of FeSO A.7H@. An equivalent aIIIOUnt ofeX-
siccated ferrous sulfate may be used in Place of FeS04. -
7H20 in preparing Ferrous Sulfate Tablets.

For tests for Iderstification and the Weioht oariation requirements,
see the U. S. P. -
Assay—Weigh a counted number of not leee than 20 FerrousSulfate
Tablets,andcrushthemwe!.fwithoutappreciableloss.Weighaccu-
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 difuted
sulfuric acid and 80 cc. of freshly boiled and cooled water. Filter the
solution rapidly as soon as all soluble ingredients in the tablets are
diesolved, and wash the beaker and filter with small portions of a
mixture of 20 cc. of dilutedsulfuricacidand80cc.ofwater.Immedi-
atelytitratethecombinedfiltrateand washingswith0.1,Veerie
sulfate,usingorthophenanthrolineT.S.astheindicator.Each cc.
of0.1N eeriesulfateisequivalentto27.80mg. ofFeS04.7H ZO.
Thisassayisexplainedinthechapteron ~&d A8say8.
Storage-To minimize oxidation, theee tablets 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 oflicial reagent.
Ferric Chloride, Iron Perchloride [FeCIS. 6HzO]—AU official reagent.
Ferric Ferrocyanide, Fef (Fe(CN) e]=Comordy called Pr-usatiarsbfue.

A dark blue powder, resoluble in water. Us- a pigment in
paints, in inks, and in bluing. Formerly used in medicine as a tonic.
~08.2 f3.12 tO 0.3 Gm. (2 tO .5grairts).

Ferric Ferrocyanide, Soluble, Soluble Iron Ferrocyanide [approxi-
mately KFe[Fe(CN) e] + H20]—A bluepowder, seluble in water,
forming a colloidal solution.

Ferric Fluoride [FeFs + H20]—White to slightly yellow, crystalline
powder. Slightly soluble in water or in alcohol.

Ferric Hydroxide, Antidotum Fuchei, Hydrated Ferric Oxid-ee
Magma oj Ferric Hudro&e (page 248).

Ferric Nitrate lFe(iNO J a]-&ayish white crmtafs:soluble in water.

Usex a mordant in dyeing and in calico-printing; also a tonic and
astringent.

Ferric Oxide, Saccharated N. F. VIl—The following directions were
given:

Dissolve 11 Gm. of nrrmohydrated s~iom carborqts in 150 cc. dis-
tilled wster, Dilute 30 Gm. of ferric chlrmde solution mth 150 cc. of dis-
tilled wster and gradually add, yith constant stirring, to tbe carbonate solu-
tion. Decant the supermtrmt liquid and wash the reci itste with distilled
water until a portion of the waahinm, when dilut .3$ wit~ .5 volumes of ,ii9-
tilkd water, grve only a slight opalescence with silver nitrate T.S. Collect
the precipitate on a cloth strainer, tranafer the magma to a porcelain dish on a
water bath, and add 50 Gm. of sycrose and a sufficient quarrtlty (not more
than 5 cc. ) of a 1.5per cent, solutlon of eorhuro hydroxide to prc+luce a clear
solution. Evaporate the mmture to dryness upon a water bath nrrd,]f neces-
sary, add sufficient pmvdered sucrase to make the product wewb 100 G m.
When so prepared it cmrt+rm about 3 per cent of iron [Fe] corrmponding to
about 4..5 per cent of fcrnc omde.

It occurs as a brown powder which is soluble in water but ineol-
uble in alcohol. The iron in this prepmmion is non-ionic and it
does not respond to some of the usual reactions for iron. USM: a
hematinic. Dose: 2 Gm. (30 grains) corresponding to 60 mg. of Fe.

Certain svecially prepared solutions of saccharated ferric oxide
may be administered intravenously, mrd are currently receiving
trial for the treatment of refractory hypochromlc anmeiae.

Ferric Phosphate [FeP04.4HzO]—A nearly white or eiightly yellow,
crystalline powder. Insoluble in water or in acetic acid: soluble
in mineral acid. Uses source of iron for the enrichment of foods.

Ferric Pyrophosphate [Fe4(P20T)3.9H20 ]—Nearly white to slightly
yellow, crystalline powder. Insoluble in water: soluble in mineral
acids; also soluble when freshfy prepared, in an excess of alkali
citrate, forming green solutions.

Ferric Pyrophosphate, Soluble-This is a complex salt of. sodium
ferricitropyrophoapbate. It is made by the process described for
Soluble Ferric Phosphate, replacing the sodium phosphate with
sodium pyrophoephate. It contains 11 to 13 per cent of iron. The
ironinthisphosphateia,likethatinSolubleFerricPhosphate,
non-ionic. It occurs as bright green scale~;:l as anules. It IS
freely soluble in water but insoluble in .

.y~au

E w-a a hema-
tinic. Dow 0.25 Gm. (4 grains).

Ferric Subsulfate [a roximately Fe4(S04 s(OH) g]—YeUow, some-
what hygroecopic~owder, vZf’g slowt a Rfally incompletely
soluble in wate~; ina@uble in alcohol. Uaw a styptic. and a
mordant in textrfe dyeurg.

Ferric Sulfate [Fe2(SOd3]-Grayish white, very hydroscopic powder.
S1OWIYsoluble. in water, sparingly solubIe in alcohol. U.w.v em-
doyed in dyeing, in the manufacture of Prussian blue and inks.
iurd in watei pui%rcation.

Ferrous Ammonium Sulfate-.%n officia[ reagent
Ferrous Bromide [FeBr2]—A yellowish, deliqueacent crystalline

powder. Soluble in water. Uses alternative and tonic. Doac
0.06 to 0.2 Gm. (1 to 3 sins).

Ferrous Chloride ~eCI &~~G;~;ge~ &$ueecent crystals, or
cryutdfine powder. Soluble in 1 Part
water acidrdated with hydrochloric acid; incompletely rtoluble.in
alcohol. Uaex estrirment in gamlea: also a mordant in prmtmg
fabrics and in dyeing. - - -

Ferrous Iodide [FeIz.4HZO]-Alrnost black, very deliquescent
meaaee. Decomposes rapidly in air with liberation of iodine.
Freely soluble in cold water, decomposed by hot water; alea soluble
in afcohol. Uac.w an alternativeand tonic, generally given in pills
or capsuk.

Ferrous Phosphate [Fe3(POJ 2.8HaO]-On account of rapid oxida-
tion in air the article of commerce contairse bwic ferric phoephate.
A ayish blue powder. Insoluble in water, soluble m mi~ne:~
sci% us-: a hematinic: also used in coloring cermics. ~
0.3 to 0.5 Gm. (5 to8 grains).

Ferrous Sulfide [FeS ]—h official reagent.

Inorganic Iron Specialties
No+ The followi~ preparations, wrduining iron per se, or iron

~QP1-ti. ~h rnlamina and other sub.stanc~, are used w hema-
tmua and dw.taqj euppkmcnie. The &se names with the require-
ments of the individual.

\ minoferin (J. T. Lloyd)—Liquid containing iron, arninoacetic acid,
and thiamme hydrochloride m an oat menstruum.

Arsenoferratose (Rare-Galen)—Elixir, each fluidounce containing
sodium ferrialbuminate sufficient to furnish 235 mg. iron, and 0.9
mg. arsenic; tablets, each containing sodium ferrialbumirmte to
furnish 16 mg. iron, and 0.09 mg. arsenic.

Ascoferrin (Doreey)-capsules, each containing 0.325 Gm. ferrous
sulfate an’d 50 rng. ascorbic acid.

B Ferrated (Upjohn)—Elixir, each fluidounce containing 1.3 Gm.
ferrous sulfate with vitamin B complex supplement.

Befolex (Central) —Tablets, each containing 19.4 mg. ferrous sulfate
with folic acid and vitamin B complex factors.

Beofer (Rexall)-Elixir or tablets, each fhridounce of the elixir con-
taining 3 gr. ferrous sulfate, 2 mg. riboflavin, ~d I mg. thi?mine
hydrochloride; each tablet containing 3 gr. ferrous sulfate, a mg.
nicotinic aci{i, 0,08 mg. pyridoxine hydrochloride, 0.6 mg. riboflavin,
and 120 L-. S. P. units vitamin B 1.

Betacuron (Lakeside)—Liauid. each 30 cc. conjoining 274 mg. iron
peptormte, 15.9 mg, copper glucormte, with vitamin B factors.

FSetaferrum (Hart Drug)-Elixir or tablets, each fluidounce of elixir
containing 20 gr. ferrous sulfate and 3.6 mg. thiarrrine hydrochl~
ride; each tablet containing 3 gr. exsiccated ferrous suffate and 1.0
mg. thiamine hydrochloride.

Betaron (Warren-Teed)-Syrup, each fluidounce containing 1 Gm.
ferrous sulfate and 3 mg. thiamine hydrochloride.

Biatron (National Drug) -Elixir, each fluidounce containing 4. gr.
green iron and ammonium citrates. 5 per cent almhOl, 4 gr. calclum
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242 THE NATIOX.4L FORbf~ARY

. Aaeay-Diedve about 1 Gm. of soluble Ferric Phosphate, accurately weighed, in
25 ml. of wa~ and 5 ml. of h drochlonc acid m a glaiwatoppered flaak; add 4

rGm. of potaesmrn iocKde,eecurey stopper the tik, and allow the mixture tm stand
15 rninu~; dilute with 50 ml. of water, and titrate the liberated iodine with O.I N
sodium ttuoeuifate, wing starch T.S. au the indicator. Perform a blank deter-
mination with the came quantities of the reagenm and in the same manner and
make any neceaaarycorrection. Each ml. of 0.1 ,V sodium thiosulfate is equivalent
to 5.5S5 mg. of Fe,

Packagingand ~orageprewve Soluble Ferric Phosphabs m well-closed, light-
retitant contamem.

CATEOORY-HeKIatiniC.

UsuAL DosE-2S0 mg. (approximately 4 grains).

Ferric Subsulfate Solution

FERRIC SUBSCLFATE SOLUTION
Moneel’s Solution Basic Ferric Sulfate Solution

Ferric Subaulfate SoIution 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 . . . . . . . . . . . . . . . . . . . . . . . ..104S Gm.
Sulfuri cAci d . . . . . . . . . . . . . . . . . . . . . . . . 55 ml.
Nitric Aci&
PurMed Water, each, a euflicient quantity,

Tomake . . . . . . . . . . . . . . . . ..1000mJ.

Add the sulfuric acid to 800 ml. of purified water in a suitable porce-
lain dish, and heat the mixture nearly to100°;thenadd 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
to the hot liquid, stirring after each addition until effervescence ceases.

If, after the ferrous sulfate hss dkmlveci, 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 voiume at about 1000 ml. by the addition of purified water
as needed. Cool, and add enough purified water to make the product
measure 1000 ml.; filter, if necessary, untiJ the product is clear.

NOTE: If exposed to low temperatures, tryst a}lization may take
place in the Solution. The crystalswill redi.ssol~-eupon warming the
Solution.

Description-Ferric Subsuifate Solution is a reddish brown liquid, rxlorlesa or nearly
so, with a sour. strmrgiy astringent taate. Ferric Sutreulfate Solution is acid to
litmus, and it is affected by light. Ita specific gravity iE about 1.54S.
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~. INGREDIENT NAME:

FERRIC SUBS ULFATE SOLUTION

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:

(S’cijlcation) @esuh)
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:

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
JObstet G~ecol, 1996; 175(5): 1204-1207.

Su, G. B. Clinical experience on efficacy of Monsel’s solution. Chung Hua Wai Ko TM
Chih, 1981: 19(11): 685-686.

Manc~ D. P. Therapeutic use. Human/Wound Healing. Can Fam Physician, 1997; 43:
1359. ‘

_—~
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Information about dosage forms used:

Solution

Information about strength:

20-22mg per 100ml
Undiluted

Information about route of administration:

Topically

Stability data:

Formulations:

Oxidizing ferrous sulfate with nitric acid
See file for compounding directions

M. Miscellaneous Information:

_—_

Page -2-
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CERTIFICATE . OF ANALYSIS !
----- ----- ----- ----- ___~

_-

F... DUCT: FERRIC SUBSULFATE SOLUTION (PURIFIED) ;

RELEASE #: 104273 LOT # :B62908M1O ~

1SPECIFICATIONS /
------ ------ --

I

1. DESCRIPTION REDDISH-BROWN LIQUID
1

2. Identification To pass test ~

3.
0+

Assay (Fe) [gm/100 ml] 20 - 22%

4. Nitrate Negative
I

5. Ferrous salts Negative

6. Volubility To pass test :

ATTENTION: T031Y HATCHETT
. .

Date :11/13/97

10907

Prepared by

our Order # 239573-1 Your PO

,

I !

1

I

GRADE: --
CODE:G09-21250/97

RESULT
----- -

CONFORMS

Passes test

21.2%
–——

Negative

Negative

Passes test

,.-

L“

.. A. KASHW.*

Approved ~
I

# 54504
I

— .- -. .:-y.!
;. 1

. i.

v

I I
I

~EABOVETESTRESUtiS HAVEBEENOBTAINED BYOURMANUFACTURE~UPPUER AND/ORINOURQUA~ CONTROLLABORAToRy.—
‘EDATAISPROVIDED ATTHEREQUESTOFAND FORTHECONVENIENCE OFTHECUSTOMER ANDDOESNOT RELIEVETHECUSTOMER

ITS RESPONSIBIUTyTOVERIW~.THIS ANALYSISIS NOTTOBECONSTRUED ASAWARRANW, ~PRESSEDOR IMPLIED.
1

,



—-.—..— QUALITY CONTROL REPORT

6
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d

cHEMICALNAME.: ERRIC SUBSULFAT (MONSEL’S SOLN)
‘)

MANUFACTURE LOT No. :C63940C26

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:usP_/BP_/MERCK_/NF_/=T ._/CO”SpEcsC_ s

l)DESCRIPTION .:

((

z REDDISH-BROWN LIQUID; ALMOST ODORLESS; SOUR~ ‘TRONGLy ‘STRINGENT
> TASTE; AFFECTED BY LIGHT.

2)SOLUBILITY. :
MISCIBLE WITH WATER AND IN ALCOHOL; ACID TO LITMUS.

3)MELTING POINT.:

... . .
4)SPECIFIC GRAVITY. :1.548.

5)IDENTIFICATION. :

A)FERROUS SALTS TEST GIVES NEGATIVE RESULTS.
B)FERRIC SALTS TEST GIVES POSITIVE RESULTS.

PASSES. : FAILS. :

COMMENTS.:NOTE - MAY CRYSTALLIZE OR SOLIDIFY AT LOW TEMPERATURES..L

ANALYST SIGNA=.: DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST. : DATE. : INITIAL. :

–—.



MAILINCKRODT BAKER -- FERRIC SIJBSUI.FATE SOI.[JT. Page I 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 Infornmtion
..==. .........=......s=. ...==. =..=.==== .....=......==......=..== ..==. =..=..

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: BT
Unit Of Issue Container Qty: 500 ML
Type Of Container: STD COML PKG

.- Net Unit Weight: 3.2 LBS
=.=== =.=.. ==.== =.=.. ===== ===.= ==.== ===== .===. ===== .==.= =.==. ==..= ===== =====

Ingredients/Identity Information
.=.. ..== ===. ==.. .=.= =.== ==== ==.= ==== ==== ==== ==.= =.== ===. ==.= =.== ===. ==== ===

Proprietary: NO
Ingredient: FERRIC”SUBSULFATE
Ingredient Sequence Number: 01
Percent: 40-45
NIOSH (RTECS) Number: 1004946FS
CAS Number: 1310-45-8
OSHA PEL: NOT ESTABLISHED
ACGIH TLV: NOT ESTABLISHED
Other Recommended Limit: NONE RECOMMENDED
-——-------------.--.---.--—---— -—--P-

roprietary: NO
Ingredient: SULFURIC ACID (SARA III)
Ingredient Sequence Number: 02
Percent:
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;olutionwith potassiumor sodium hyd~te ‘T.
)itate,withoutevolvmovaporof ammwti. .‘

.*

“3~ Sfllll+k diluted mt I 4 volumesof water,b,e

~n~for--~metime,shouldnotgivea white, cry%
turtrafe). -q

tionof the acidulatedand cooledliltratia littl
kd. and the Iiauid heated to boiling, it shoukl~
“-line recipithte.

“R
j;,d

of t Q Solution be introduced into a gks

,RRI ET AMMONII ACE~
F IRON AND AMMONIUM ACE.

T AMMONII ACETATIS, PEARM. 1~.
~_ MIXTURE.] ,.,;:.,.,

. ~!!{
‘jfide,twentyd c~~+g,~.ic: -

,cict,dirtycubiccentimeters. . . . . . . .’~
lonium Acetate, two lwndred W’ ce.f$:y.
. . . . . . . . . . . . . . ““””””.””””””””” ”””.iq
one hundred cubic cd%-s...., f~fi

dred and twenty cu3ic ccati-s . . .~~
t qwntityf

d
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?O make one t?wtwand cubic centi+!~

f Ammonium Acetate (which aho$

:ly,the Diluted Acetic Aci~ the T$~
atic Elixir, and the GUCer% ~%j,
, product measure &e tlwwan~ (10<j/
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should be freshly made, when WW1
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UOR FERRI NITRAT,$ .,,i
UTION OF FERRIC NITRAT~‘:.’@
ion of Ferric Nitra~ pek~o~)e ‘~,,.
}ent.of the anhydrom dt? ad O&
fif mkkllic iron.
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;olution Of Ferric SulPhate, one hundred and eighty ‘
granunfx. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 Gm. ,

~monia Water, one hundred and sixty cubic centimeter 160 CC. .’

~itric Acid, smmty-one gramm.a . . . . . . . . . . . . . . . . . . . . . .
)istilled Water, .

71 Gm. ‘

Mater, each, a sq?hient quantity,

To make one t?wu.sandgrammeg. . . . xooo Gm. ‘
:’
fix the AInInOnia Wa&’ with jive hundred (500) ezdic wnthn.etergof

i Water, and the Solution of Ferric Sulphat.e with $fiem hundred
DO)culnbcentimeters of cold Water. Add the latter solution slowly
he diluted Ammonia Water, with constant stirring. Let the mix.
i stand until, the precipitate has subsided as far as pwticable, and
n decant the supernatztnt liquid. Add to the precipita~ one thou- - :,-
d (1000) cubic ct?ntimeters of cold Water, mix well, and again set the
tture aside, as before. Repeat the washing with successive portions
$Id Water, in the same manner, until the washings produc,e but

:ht cloudiness with barium chloride test-solution. Pour the
xl ferric hydrate” on a wet muslin strainer, and let it drain
nghly. Then transfer it to a porcelain capsule, add the Nitric ~
and stir with a glaw ro~ until a clear solution is obtained. ,

ly, add enough Distilled Water to make the ilnished product ‘,~l:,‘.
L-onethowand (1000) gramtn.a. Filter, if net-. ,.
:, . ..’,:,“,,~..

SOS the Solution and of ~n[entmkd ~phuric fid, the cryti ‘~f~ - ~:’ “’~;:”l

e brown and be surrounded b a brownish-black zone.
{ I~1.12 (1.1176) Gm. of the So ution be introduced imfn m cdn:w-ntmmnrn~ :: ‘.. ~: ‘~,’ ~

. :..

‘..——____
Ie, the mixture be kept forhalfan hourata temperatureof 40°C. (104°

@ fiencooled,and mixed with a few drop of starch ‘l’.’s., it shonld R ~im .‘ “-.. >.-,
t 2.8 Cc. of decinormal sodium h
~nish colorofthe liquid(each

SUIhiteV.Ei~ fic~~ ~e$,ue ,“’~;~~
&of t~evolueticsolutionindi~tig -.:rj.

~X Cent.ofmetalliciron).

k
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Ii+ a~LIQUOR FERRI SURSULPHATIS. . . . . .“ ~., ,’

‘. SOLUTION OF FERRIC SUBSU”LPHATE.
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., .,.
ON OF BASIC FERRIC SULP~TE. MONSEL7S SOLUTIOI?.j ,.,

~.

lU$OUSsolution of 13~ic Ferric snlphati (of Vtiable chemical “’”
~on), Corresponding to about 13.6 per ~nt. of metfic irom . II

,., ., .!.
;., .,.,

.“ .,.. I





s

.—
., -

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)]
3-amino-7- (dimethylamino) -2-methylphenazathionium

~hloride [CMH,~CINS 1. Description and Volubility: A
dark-greenpowder. 1 Gm diesalvesinabout26 ml ofwater,

yielding a blue to violet Solution, and in about 175 ml of alco-
hol, yielding a blue solution. Uses: It precipitates heparin.
It is used for the treatment of overdosage of heparin and for
the treatment of certain hemorrhagic states, some of which,
but not all, are associated with elevated blood heparinoid
levels. The organs are stained blue and the urine becomes
pale blue-green. Nausea, vomiting, burning sensation upon
urination, and tenesmus may occur, but they maybe avoided
by adequate fluid intake. Dose: Oral, 200to 300 mg daily
for menomhagia; intramuscular or slow intravenous, for
heparin overdosage, 100 mg. Veterinary Dose: Oral, Dogs
and Cats, 200 to 300 mg daily.

~emosfafics and Sfypfics

Many substances not especially related to the ciotting
mechanism are capable of promoting cIotting. Upon
contact with most surfaces, piateIets disintegrate,
thereby liberating a thromboplastin. Spongy and
gauzy materials, which provide a large surface area, are
thus used to arrest bkeding; absorbable sponges may
be left permanently at the site of bleeding. Fibrin,
fibrinogen, and tbrombin are also potent hemostatic
(see page 829). Astringents (see Chapter 43, page 768)
also initiate clotting by precipitating proteins and by
labilizing platelets; ferric salts are mostly employed as
styptics.

Alum—see page 769.

Cellulose, Oxidized—see page 1876.

Estrogens, Conjugated—see page 991.

Ferric Chloride—see page 772.

Fibrinogen—see page 830.

Fibrinogen with Antihemophilic Factor-see page 830.

#
Absorbable Gelatin Sponge USP

[Gdfoam (Upjohn)]

Absorbable Gelatin Sponge is gelatin in the form of
a sterile, absorbable, water-insoluble sponge.

Description—A light, nearly white, nonelastic, tough,
porous, hydrophilic solid. A 10-mm cube weighing approxi-
mately 9 mg will take Up approximately 45 times it-a weight
of well-agitated oxalated whole blood. It is stable in dry
heat at 150° for 4 ho~.

Volubility—Insoluble in water, but absorbable in body
fluids; completely digested by a solution of pepsin.

Uses—Absorbable Gelatin Sponge is a hemostatic
and coagulantused to controlbleeding. Itismoistened
with throrntsinsolutionor sterilenormal salineand
may then be leftin place followingthe closureof a

surgicalincision.It isabsorbed in from 4 to 6 weeks.

Human Antihemophilic Factor--see page 830.

Antihemaphilic Human Plasma—see page 830.

Protamine Sulfate—see page 836.

Thrombin—see page 831.

lhromboplastin—see page 1376.

Tolonium Chloride-see this page.

Other Hemostatic and Styptics

Carbazochrome Salicylate [Adrenosem (Massengill);
Adrestat (Organon) ]—An adrenochrome monosemicarba-
zone [3-hydroW-l-methyl-5,6-indolinedione-5-semicarba-
zone ] sodium salicylate complex [C1OH,:N~OJ. C~HsNaO~ ]
occurring as a fine, orange-red, odoriess powder with a sweet-
ish saline taste. It is soluble in both alcohol and water. A
13% aqueous solution has a pH range of 6.7-7.3. Uses:
Proposed forthe systemiccontrolof capillarybleedingof
varioustypes. Itsclinicalusefulnessforthispurposeissci-
entificallyunjustified.Dose: Oml, 1 to 5 mg 4 times daily;
intramuscular, 5 mg every 2 to 4 hours.

Ferric Subsulfate [approx. Fe, O(SOJs.HIO ]—Used and
prepared only as a solution. Ferric Subsul ution
was official in NF XI. It is prepared by “ . “~%

c The solutiqn contains 20-22 m

m!$h:k~z:l??::ti:~
portsnt styptic solution. The solution is less irritating than
ferric sulfate because of the lesser amount of sulfuric acid
present. It is occasionally used to control surface bleeding T
and as an astringent in a variety of skin disorders.
should not be used in vesicular, bulbous, or exudative
derrnatoses, 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 far 3 hours to sterilize.
It appears as a fine, white sponge of firm texture. It is in-
soluble in water. Uses: A mechanical coagulant of blood
in case of hemorrhage, especially in surgery of the brain,
liver, kidneys, and other organs where ordinary methods of
hemostasie 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 abeorbed.

Electrolytes

L-

The concentration of several of the electrolytes in the in the extracelhdar fluid (of which plasma is one com-
plasrna is critical for the proper functioning of the cells, partment) but also upon the intracellular concentration,
especiauy those of the excitable tissues. For the normal the ratio across the ceil membrane being an essential
Pksma concentration of the principal electrolytes, sss factor, and upon the ratio of one ion type to another.
Page 815. The proper balance of the several ions is Thus, the plasma electrolyte concentrations provide
~mplex; it depends not alone upon the concentration only a crude. clue to the electrolyte status of the patient.
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riD_- has been exposed to day!ight for~
,irm yields a greenish or bhueh color v
Iotaaemrn ferncyanide T.S. (pnwmce of:s

Nitrate-Dilute 4 ml. of Ferric Chloride T
iure with 10 ml. of water, heat the solutiox
]oiling and pour it into a rni.xture of 10 L_
vater and 10 rni.ofammonia T.S. Filter:
ti~ture while hot, and wash the filter with!
water until the total filtrate measures 30;
\fixthe filtrate well and to 5 ml. add 2 &o
ndigo carmine T.S. “iMix this eolutionm
nl. of suffuric acid: the blue color does notz
~ppear within 1 minute. “M?

AsaaY-Transfer 5 rd. of FerricChloride‘I!
:ure, a;curatel measured, to a flask of suiti

$;apacity.Ad about20 nd.ofwater,3 Gm
jotaesiumiodide,and 3 ml.ofh@rochlonca
4110wthesolutionto atanddurm 15 minu

3iiluteitwith100ml.ofwater,an thentiti
xith0.1N sodiumtbioeulfate,usingatarchi
N theindicator.Each mi.of0.1N SOdiurnt
mlfateisequivalentto16.22mg. ofFeCL?~
Alcoholcontent,page 404—Ferric~o

llncturecontainsfrom 5S to 64 per can{
22H,0H. 43

Packaging and storage—Preseme Ferric C
-ide Tincture in tight, figh&resistant cont+ii]
md avoid exuosure to direct sunlight or to~@jj
jive heat. “

‘1

CAmGORY—Aet.ringent; hematinic. i
USUALDOSE~.6 d.

FerricCitrochlorideTincture ‘”’

~ Citrochlonde Tincture is a ~yi
JCL J solution containing, in each 1~
~erric citrochlonde equivalent to not k+
4.48 Gm. of Fe. 5~1

Ferric ChIonde Solution.. . . . . . . . . . 350y
Sodium Citrate . . . . . . . . . . . . . . . . . . . WJ
Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . ,1
Water, a sufficient quantity, !.

mTo make about . . . . . . . . . . . . . . . .

Mu the ferric chloride solution with 1~
of water, dissolve the sodium citrate ix
mixture with the aid of gentle heat, an~
the alcohol. When the solution has @ -
told, add sufficient water to make the prw
measure 1000 ml. Set the Ferric CitrocN6
Tincture aside in a cold place for a few””~~
So that the excess of saline matter may, ~
rate, and then filter. ‘1

Aeeay-Transfer 5 ml. of Ferric Citroc~~
Tincture, accurately measured, into an m
flask, add 7 ml. of hydrochloric acid and 25
?f water, and heat on a water bath until c1
Cool to room temperature and add about&
of water and 3 Gm. of potassium iodide, and.?
the mixture to stand for 15 minutes. Then1
Lhestopperandthesidesoftheffaskwiq

i@NAL‘ORM”LAR’“
i!~dition+ 50 ml, of water rmd titrate the liber-

~~~ iwhne with 0:1 N sodium thiosulfote, usin
~h T.S. as the indicator. +Each ml. of 0.1 J

~ ~urn thiosulfate is equivalent to 5.585 mg. of
Fe.

~cohol content, page 404—Fernc Citrochlo-
~ fideTinctureCOntaiUSfrom13 to15percentof

~H,OH.
packaging and stprag:—Preserve Ferric Citro-

~~loride Tmctu~e m t~ght, light-resistant con-
@era and avoidexposureto direct sunlight or
~ excesaweheut.

E! CA~EGo*y–Hematinic.
USUALDOSE4.5 d.

E
One usual dose ~ep~esents about 22 mg. of iron

“ in the formofferriccltrochloride.

.=..

1
.?,, Ferric Phosphate with Sodium Citrate

~~ Soluble 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.

? Descripti:n+%duble Ferric Phosphate occurs
w thin, bright green, transparent scales, or M
usnufes, It is without odor, and has an acid,
_ghtl~ salty t@e. Solubie Ferric Phosphate M
stabie m dry au when protected from light, but

E when unprotected, aeon becomes discolored. A
Lwdution of Soluble Ferric Phosphate (1 in 10) ia
‘acid to litmus.

)
: 8olubility-Soluble Ferric Phosphate dissolves
@ely in water. It is insoluble in alcohol.

kf
FIdentitication—
~ A: To 10 n-d. of a solution of Soluble Ferric

K“P!mephate (1 in 100) add ammonia T.S., drop-
-: the solution becomes reddish brown, but no

=Drecir)itate forma.

boilingitwith an excessof eodiu& hydr6xid;
T.S.; filter, and strongiy acidify the filtrate with
hydrochloric acid: a cooled rmrtion of this

id mixed with an equal vohirne of magnmia
=~re T.S. and treated with a sii ht excess of

i~onia T.S. produces an abun ant, white,
Wtalline precipit~te. This recipitate, after

\ yellow when@kg washed, turns greenis
,treated with a few drops of silver nitrate T.S.
(dktinction from pyrophogphate).

J‘ Ammonium sdta—Boil about 100 mg. of
%Iuble Ferric Phosphate with 5 ml. of sodium
hydr~fide T.S. ; a reddish brown nrecinitate

~ ?Ohrnetric flask. Add sufficient water to make
!:1~ ml.,and mix well. A lo-ml. portion of this
?Mution contains no more than 5 mcg. of lead
~ (rn~s riding to not more than 50 parts per

i+ q[llon~whentreatedaccordingto the Lad
+mif Z’at, page 414, using 10 ml. of ammonium

~ *te solution, 3 ml. of potassium cyanide wlu-

Ferriel 43

tion,and 1 ml.ofhydroxylaminehydrochloride
solution.

Aeeay-Dissolve about 1 Gm. of Soluble Ferric
Phosphate, accurately weighed, in 25 ml. of water
and 5 ml. of hydrochloric acid in a glass-stoppered
flask; add 4 Gm. ofpotassiumiodide,securely
stoppertheflask,and allowthemixturetostand
15 minutes;dilutewith 50 ml. of water,and
titratetheiiberatediodinewith 0.1N sodium
thiosulfate,usingstarchT.S.as the indicator.
Performa blank determinationwith the snme
quantitiesofthesame reagentsand inthesame
manner and mwke any necessarycorrection.
Eachml.of0.1N sodiumthiosulfateisequivalent
to5.5S5mg. ofFe.
Packagfng and storage—PreserveSoluble

FerricPhosphatein well-closed,lizht-resistant
containers. “

CATEGORY—HematiniC.
USUALDosE—250 mg.

FERRIC$UBSULFATESOLUTION
310nael’s Solution; Basic Ferric Sulfate Solution

Ferric Subsulfate Solution is a water solu-
tion containing, in each 100 ml., basic ferric
suIfate equivalent to not less than !20 Gm. and
not more than 22 Gm. of Fe.

Nom: If exposed to low temperatures,
crystallization may take place in the Solution.
The crystals will redissolve upon warming the
Solution.

Description-Fernc Subsulfate Solution is a
reddish brown liquid, odorless or ,nearly so, with a
sour, strongly astringent taate. Ferric Subsul-
fate Solution is acid to litmus, and it is affected
by Ii ht. Its specific gravity is about 1.548.

fSo ubility-Ferric Subsulfate Solution is mie-
cible with water and with alcohol.

Ident&ation-Separate portions of a dilution
of Ferric Subeulfate Solution (1 in 20) yield a
brownish red precipitate with ammonia T.S.! a
blue precipitate with potassium ferroc amde

IT.S., and a white recipitate, insoluble in ydro-
Ecidoric acid, with ariurn chloride T.S.

Nitrate-Add a clear crystal of ferrous sulfate
to a cooled mixture of equal volumes of sulfuric
acid and a dilution of Ferric Subsulfate Solution
(1 in 10): the crystal does not become brown, nor
does a brownieh black color develop around it.

Ferrous salts-Add a few drops of freshly pre-
pared potassium ferricyanide T.S. to 2 ml. of a
dilution of Ferric Subsulfate Solution (1 in 20):
a brown color is produced and the solution re-
mains free from even a transient green or greenish
blue color.

Assay-Dilute about 10 ml. of Ferric Subsul-
fate Solution, accurately measured, to exactly
100 ml. with water. Transfer 10 ml. of the dilu-
tion to a stoppered flsak; add 5 ml. of hydro-
chloric acid and 3 Gm. of potassium iodide.
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Stopper the flask, and allow the mixture to stand
for 15 minutes; then dilute.yith 50ml.ofwater,
andtitratetheliberatediodinewithO.1.Vsodium
thiosulfate,usingstarchT.S.os the indicator.
Each ml.of0.1IVsodiumtbiosulfatek,equhw-
lentto5.585mg. ofFe.
Packagingand storage-PreserveFerricSub-

sulfate Solution in tight, lighkresistant con-
tainers, and in a moderately warm place (not
under 22”).

CATEGORY—ktringent.
AsA s’rvxmc-Use Ferric Subsulfate Solution

undiluted.

FERROUS CARBONATE PILLS
Chalybeate Pills

Blaud’s Pills
Ferruginoue Pills

Each Pill contains not less than 00 mg, of
FeCOS.

Ferrous Sulfate, in clear crystals... . 16 Gm.
Potassium Carbonate . . . . . . . . . . . . . . 9.5 Gm.
Sucrose, finely powdered . . . . . . . . . . . 4 Gm.
Tragacanth, finely powdered . . . . . . . 1 Gm.
Althea, inveryfinepowder......... 1 Gm.
Glycerin,
Purified Water, each,a sufficient

quantity,
To make 100 pills.

Tritumte the pot.aasium carbonata in a
mortar with a su5cient quantity (about 5
drops) of glycerin, add the ferrous sulfate and
sucrose, previously triturated together to a
uniform, fine powder, and mix the mass thor-
oughly until it assumes a greenish color.
When the reaction is complete, incorporate the
tragacanth and althea, and add purified water,
if necessary, to obtain a mass of pilular con-
sistency. Divide it into 100 pills.

Assay-carefully pulverize 5 Ferrous Car-
bonate Pills in a mortar! and triturate with 20
ml. of diluted sulfuric acid until all carbonate is
dissolved. Transfer completely the contents of
the mortar to a beaker of about SoO-ml. capacity,
and add water to bring the total volume to ap-

proximately 300 ml. Add orthophenanthroline
!’.S., and titrate immediately with 0.1 N eerie
sulfate, avoiding excessive stirring. Near the
end of the titration tilt the beaker at an angle of
45” to facilitate the detection of the end ~oint.
Each ml. of 0.1 N eerie sulfate is equival&t to
11.59mg. of FeC03.

Packaging and storage-Preserve Ferrous Car-
bonate P]lls in well-closed containers.

cATEGoRY—Hematinic.
USUALDOSE—5pills.
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Ferrous Sulphate (SW..)
~rrous Sulfate (USAN): Exsiccamd Ferrous S.lphaw

sulpham deprivd of pan of its waler of crystallisa-

p~ifics 86 to 90% of FcSO,.theUSP spcifies 86 m 89%

‘“,but .fM051 completely soluble in freshly boiled and

1“W stdphate is employed for iron-deficiency
“M. It is given by mouth and the driedformis
‘Ucntfyused in solid dosage forms and the hep-

:~ ferrous sulphate are up to 600 mg daily (equiv-
tto 180to 195 mg of iron daily, this figure being

‘”- ewhat variable depending on the purity and wa-

:I@cussion of iron-deficiency anaemia and its
,+nentj see p.747; for further discussion of iron

us sulphate oxidised with nitric and sulphuric
ti”da,yields ferric subsulphate sohrrion. also known

onael’ssolution, which has been used M a hae-

~ :,,r~pmpamtionsarclisted below: details arc given in Pat! 3.

993:FcrmusSulphatc Tahlet~ Paedimric Ferrous Sulphate

1973: compound Ferrous Sulphate Table{s:
,.,C!23: Ferrous Sulfate Oral SOJW;WI: FCMWS Sulfale $TUP:

: Fen’ogmcl C; Fenn-Gradu met; lnfa-Tardyfemn: Tardyfer-
t#Au#raL: Ferimrdt; Ferm-Gradumeu Fespm+: Slow-Fct;
&fg.: Fes-ttt-Sol: FemgradFem-Grad.met:Rcsofemn: Canal:
lks-tn-Sok Fcro-Gcad Fem-Grad-5tXh Novo-Fcrrosulfa: Slow-
fi Jlmv Feospan; Fcr-ht-Sol: Femogt’ad Fermgrad C; Slow-f%
$%x: Ce-FetTU fonet: Dreisafefi Eiscn-f3iasporal: Eiwndmgces-
~t; Ecyfcri FerICI 66 DLt: Htiampan: Haemopro!ecl.
-@dutal C; Plastufw, Resofcrix: Tardy fcron: TaxofiI M!ncral Ei-
$eaT; VXafet’ro; IsoL: E~fer. Ferm-Gmd; Fcrm-Gruf C. Neth.:
~%: Fero-Gtad”met: Liquifer: Piexafefi: Resofcro”+;ivmw.:
Durofecm Fecrumax i FerrwRemrd: S.AJr.: Ferc-Grad: Fe\ofm:
S@n: Fem-Gradumet: Swed.: Durofemn: Srri~: Fcrm.Gra-
Shtmec R6sof6ron. IX: Feospan. Fecroprad. Ferrogmd C:
tirm Slow-Fe; USA,’ Feostd: Feratah: Fer-gcn-sol: Fer-In-Sol:
*-ktx Ferc-Grad-500. Fem-Gradumet: Ferospace: Fcrralyn
3#caps; Fa-ra-TD, Imsp.et; Mol-lmn. SIOW-FC.

Mukf-ingretfient preparations. Am!.: Ak!ifemn: Ak(ifcmn
“compusitum: Ferrogrdd.Fol: Kephalndomn: Tardy fermt-Fol:
m: Fcfol; Fentard-Fohct. FGF Tabs: Can@L: Fem-Ftd,ct:

. .-L Slow.Fe FcIIIc; ,5ire: Fefol: Fefol-Vu. Fmrograd Folic, Fcs-~

~..Tardyfemn B,: Ger.: Aktifemn; Aktifemn E F; Eryfer comp.:

b,SSUrr.V}cotmlt; FWM.F[,ISW FCCCO. FCIISW pl”st; Fwrophort:

., nOt; Actiferrine.F: Fem. Folic -500; g>n~-Tmdyferon: in fa-

_ Fulic Fesovif Z: Fesovitt: Folicin+: Fonespan: lmfol

&,k;~, M“kibret Hcmmmic, Muhibre{-Fohc: Reticulcxt.

Folic Acid paw,

Folic acid is a member of the vitamin B group
w’hicb is essential for DNA synthesis and some
amino-acid conversions and is involved in formate
metabolism. Deficiencymay result in megaloblast-
ic anaemia.It isgiven by mouth for folaie deficien-
cy states, and also has a role in tbe prevention of
neural tube defects. It should not be given for mr-
diagnosed megaloblastic anaemia that maybe due
to vitaminB12deficiency,since it may mask contin-
uing neurologieafdegeneration.

Fohc Acid (LL4N, rfNN).

Acidum Fohcurn, Foiacin: Folin~ PG,% Pceroylgluramic

Acid; Premyfmonogluramic Acid. N-[4-(2-Amino-4-hydmx-

yptendin-6-yhneIhyfamino)benzo$l-L(+)-giucamic acid.

C19H,9N,06 = 441,4.

CAS — 59-30-3 (relic ocid); 6484 -89-5 (sodium folate).

Phormocopoeios. (n Asst., 6elg., &, Utm., G., Ear., Fr,, C%,

Hung., k, h,Jpn, Nesh.. PorL, Swrss,and US.
The standards offi, Eur. apply to rhose countries that am pw-

ues to the Convention on the EJabaracion of a European Phar-

macopoeia. see p.xiii.

A yellow to orange hmwn, odom’fess or almost odourless
c~sralline powder.

BP aolrsbifffies arc: practically insoluble in waler and most
organic solvents. USP solubilities w very slightly soluble in
water; insoluble in afcohot. acetone, chloroform, and ether. It

readily dissolves in dilute sohoions of alkali hydroxides and
carbonates; soluble in hydmehtoric acid and sulphuric acid.
The USP injeetion has a pH of 8 to 11, Protect from light.

Seabffis-y insolm.on.A twicw of the compatibility andsta-
bility of components of total parenterai nutrition solutions
when mixed in 1-or 3-lie-c flexible containers, i Folic acid has

ken reported to precipitate in aotne proptie!ary amino acid
solutions and in the presence of high concentrations of calci -

um ions. hul i! appears to he srahlc and remain in solution
prnvided the pH remains above 5. There have also hem cc-
pts of folic acid being absoehrd by the polyvinyl chloride
container and administration act; however other studies have
nor substantiated such observations.
I Allwuadk4C.Compmihilily and slabiliry of TPN mixatrcs in

hlf bags J C/in Hnsp Pfiarm 19S4; 9: 181-9S.

Adverse Effects
Folic acid is generally well tolerated. Gastro-intesti-
nal disturbances may occur. Hypersensitivity reac-
tions have been repwted rarely.

Precautions
Folic acid shoold never be given alone or in con-
junction with inadequate amounts of vitamin Blz for
the treatment of undiagnosed megaloblastic anae-
mia. since folic acid may produce a haematopoietic
response in patients with a megalobiastic anaemia
due to vitamin B[z deficiency without preventing
aggravation of neurological symptoms, This mask-
ing of the tme ijeficlency state can lead to serious

neurological damage. such as subacute combined
degeneration of the cord.
Caution is advised in parients who may have folate-
dependent tumours.

Interactions. Folatc .watus may he affected hy a number of
drugs and anliconvulsams, oral contraceptives, antituhercu-
Ious drugs. alcohol. and folic acid antagonists includhg aml-
nopterin. metholrexate, pytimethamine, trimethoptim, and
sulphonamides have atl been said IO produce folate deficiency
states. 1 The authors of th]s review discuss possible mecha-

msms responsible for the folate deficiency and assess the clin -
tcal significance concluding haI in some instances, such as
dunn~ methotrexatc or anticottvulsan[ iherapy. replacement
therapy with folic acid may hecmnc necessary in order IO pre-
vem megalohlastic anaemia developing.

Anticonwtlsam-associated folate deficiency is discussed fur-
Lht- under phenytoin, p.3fl 1.

I LambbcDG, JohnsonRH. Drug. and folate metahohsm Druc%
1985; .?0: 145-55.

Pharmacokinetics
Folic iscid is rapidly absorbed from normal diets,
mainly from the proximal pat-rof the small intestine.
and is d]sttibuted in body tissues. The principal slor-
age site is the ]iveKit is also actively concentrated in
the cerebrospinal fluid. Dietary folates are stated to

ICI, ””J ,U, ,,w, u .U,lw,,s ,------ --

naturally occurring folate polygluramates are large-
ly deconjugated and redoced prior to absorption but
once absorbed, folic acid is reconverted via dihydro-
folate to tetrabydrofolate and conjugated within the
cells to form active polyglutamates. his the 5-meth-
yltetrahydrofolate which appears in the portal circu-
lation, where it is extensively bound to plasma
proteins.
There is an enterohepatic circulation for folate;
about 4 to 5 #g is excreted in the urine daily. Admin-
istration of larger doses of folic acid leads to propor-
tionately more of the vitamin being excreted in the
urine. Folate is distributed into breast milk.

Human Requirements
Body stores of folate in healthy persons have been
reported as being between 5 to 10 mg, but may be
much higher. About 150 to 200 pg of folate a day is
considered a suitable average intake for all healthy
persons except women of child-bearing potemial
and pregnant women who require additional folic
acid to protect against neural tube defects in their
offspring (see below). Folate is present, cbiefly com-
bined with several L(+)-@Stat33iC acid moieties, in
many foods, particularly liver. kidney, yeast, nuts,
and leafy green vegetables. The vitamin is readily
oxidised to unavailable forms and is easily de-
stroyed during cooking.

In the United Kingdom dietary reference vatues (seep. 1352)

have been puhlishcd for folatel arsd in the United States rec-
ommended daily allowances have been set.2 Differing

amounts arc recommended for infants and children of varying
ages. for adult males mrd females, and for pregnant and lacxat-

ing women. ‘fltt special folale requirements to protect againsl
neural tube defects are dkcussed below. In the UK therefer-
ence nutrientintake(RNI) for adult males and females is
200 pg daily and the estimated average requirement (EAR) is
150 yg daily. fst the USA the allowances published have ako
recognised that diets containing lower amounts of folate
maintain m adequate status and thus the allowance has been
set at 200 pg for adult males and 180 pg for adult femaies.

Folaterequicemcntsarc increasedduring pregnancy. appw
enefy due to ittcrcased metabolic breakdown of folate rather
than foefal uaosfec3 an RNl of 300 ~g WY has been suggest-

ed for pregnant women in the UK andanRDA of4Wlwgdaily
in the USA. However, McPattlin and colleagues have sug-
gested from a study in 6 pregnant women that these figures
are tou low, and tkat intakes of about 450 to 650 pg daily
might be more appropriate.3 Interestingly, in the light of re-
cent crmftrmation of the vahce of folate m preventing neural
tube de feet., it is now recommended that women planning a
pregnancy receive a total daily invake of shout 600 pg daily.

before conception and during the first trimes!er. which would
go some way towards supplying this increased amount.

A number of autfmrhies in the UK and USA have advoca!ed
folic acid supplementation of bread or flour 10 increase the
intake in women of childbearing age.4”7 However. there re-
mains SM’CKdebate over the appropriateness of such action.
and the risks of masking underlying wc.min B u deficlen~y.gg

1. DnH. Dietacy reference value< for food energy and numcms for
the Umtcd Kingdom: repcm of (he panel on dietary reference
values of the commi[!ee on med!cal aspec~sof food pIJIIcy. Re-
fmrr on hralrh and social subject.< 4J. London: HM SO. 199 I

1 Subcomminec on ihe mnth edmon of the RDAs. Foodand !Qu-
trmon Beard. Commission on Life Scmnces. Na[ional Research
Council. Recommwrded dtemry alhwances 10th ed Washin-
gton.DC: National Academy Press, t989.

3 McPardm J. e{ a(. Accelerated folate breakdown in pre~nanc>
Lancer 1993:341: 14S-9.

4 DoH. Folic octalond ?hcprewmon n.fneural rube defec:s re-
vorr from an cxnerl advisorv Rro.p London Demnment Of
‘Healk, 199?.,

5. Committee on Generics of the American Academy Or pe~)a[-
ncs Fohc acid for tbc cmeventionof neural mbe defects. Pedt -
O1,,C.Y1993:92:4974’

6 Schorah CL, WOd J. Fortified foods and folme m!ake m women
of child- fxarmg age. Lnncer 1993, 341:1417.

7. Sutcltffe M. e! al. Prevention of neural Iuh defects Jmcer
1994. .W: 157s.

g Horton R Ftghting about folaw. Luncer 1994; 344: i696.
9 Wald N], Bower C. Foltc ac!d. Perniciaw anatmla, and preven-

tion o{ neural tube dcfec[s LxInce! 1994.343:307

Uses and Administration
Folic acid is a member of the vitamin B group. Foli
acid is reduced in the body to tetrahydrofolatc
which is a coenzyme for various metabolic process
es including the synthesis of purine and pyrimidin
nucleotides. and hence in the synthesis of DNA: it i
also involved in some amino-acid conversions, an

discussion of iron-deficiency anaemia and its

nt, see p.747; for further discussion of iron

e less well absorbed than crystalline folic acid. The

sYubol ‘f denotes a preparation no longer actwely
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We documented and quantifie nsel’s s~tion-related artifacts after
cervical biopsies. All loop electrosurgical cone biopsy specimens over a
3-month period were reviewed for necrosis artifact of the surface
epitheliums.The dezr~

. and correlated with the
ion. ~wenty-four cone biopsy specimens

were evaluated. Three of the eight cone biopsy specimens obtained fewer
than 10 days after the use of Monsel’s solution showed definite changes.
Between 10 and 18 days after the use of Monsel’s solution, four of eight
specimens showed change. After 18 days, none of eight specimens showed
change. One specimen at 18 days showed focal changes that seemed to be
related to the use of an unusually large amount of Monsel’s solution,
because the patient had had six biopsies within 2 days. The routine use of
Monsel’s solui~interfkre with the ability to recognize~d———-— . — —. —-.
characterize disease process in cone X specimens when the cone.—.”—._._.-_.— - —.—.—

-~~edu~ done within 3_w~eksafter the use of Mons~s~tion.“-~ _
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PracticeTips

Stoppingcervicalbleeding

Indication
This technique can be used (or controlling cervical

hlm=rling [rem a hiopsiad si~e. OccasiunWy, worncn

present to me with blccdir)g after cervical biopsy or
laser treatment for abnormal Pap smears. W’hw they

r.tu present, bleeding is usually minimal and settles
with watchful waiting. Occitslonally a low-gradf!ink
tion requires antibiotic trcauntmt. on two nrrasinns in

my practice, bleeding was excessive and persistent

after cervical biopsy or laser or loop excision.
Examination of the cervix rmwalcct an oozing injuwtl

site. [ was able to stop the bleeding by applying
Monseh solution(20%krric subwlfate) tn the cmvix,

This method is crmiraindicated when bleeding is
from inside the os cervix or when excessive hemorr-
haging rewires further intervention.

Pmeechtre
With ringed forceps ml gwuc, dab the cervix to iclen-
tify the site of bleeding. Then, using ringed forceps
with 2x2 gauze waked in Monsel’ssolution, apply ihe

solution directiy to the bleeding site.

Discussion
The women I treated were discharged with no further
complications or complaints.

Upon reviewing the lilerarure, 1 found that

Monsd’s solution is often used in gynecologic onco!o.
gy for bleeding from crrvical and v~inal biopsies.
One reporti described a brownish vaginal discharge
that appeared several days after the appliralirm 0[
Mmsel’s whwr a vaginal puk soaked in Monsd’s hnrl
been used. Monsel’s solution is recommenried owr

sutures after cokl-knife ionization in s[udies cwnpar-
ing these bwJ ITIcllNxts O( hemostasis.~:’ Monsel’s sldrJ-
iion also has been usecl in uxaminirw the vagin;i for
papilloma virus and neoplasim$

1 could find no information in the literature on
adverse effects for fulurc i’tip smears, Necrosisarti.
fwt could appearit’ cervii’a) biopsy is performed wi[h-
in 3 weeksafter application II( Monst’1’s solution, ”
Monsel’s solutionappears 10lJv a safe mtqhod for cm-t.

lrollin~ cervical blerdirrg in this situation. Be aware
thu[ biopsies done within 3 wvtIks of using Monsel’s

so]u(ion cm show artifuc[~, *

References
1.RarliffC. Prwcniing wrvirtil bhwdilk~wi[h Monsrlzs Srduriot),

Owl Nun Forum W!H:l!+(d):S64,

2. (;ilb<m ]., $murrdm Nj, Strinwr I/, Sharo l:, Hemostaeix rmd
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ing 4 Mure versus nfm-sulurv Iwlmiqw.(Mel Gynfco/198!);
74[4):6403.

3. Tan@rakulS,%isupunditS. l.inwmita V. tlullangpoci S,
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sunm with nonsuturv cold.kni(c r(mizallomj Obdet Cyrretol

W9WI(6):58741.
d,I):lvis (i]). COlpOSiylDil oxmllill,lIi,m I,( I lit. v.~ill~. iJbr/@

Cymd Clin NOdI ,4rn 19!%1;20(}):217+!?).
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W“ -i A. INGREDIENT NAME:

FIHUUC SULFATE HYDRATE

B. Chemical Name:

Diiron Trisulfate

C. Common Name:

Ferric Sulfate, Iron Persulfate, Iron Sesquisulfate,Iron Sulfate (2:3), Iron (3+) sulfate, Iron
Tersulfate, Sultlmic Acid, Iron (3+) Salt (3 :2)

D. 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.

E. Information about how the ingredient is supplied:

Grayish-white powder, or Rhombic or Rhombohedral crystals, very hydroscopic,
commercial product usually contains about 20°/0 water and is yellowish in color.

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

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

Fuks, A. B., HOIW G., and Davis, J. M. Ferric sulfate versus dilute formocresol in
pulpotomized primary molars: long-term follow up. Pediatric Deniistry, 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 ofhdodontics, 1993;
19(4): 174-176.

.——.
Fei, A. L., Udin, r. d., and Johnso~ R. A clinical study of ferric sulfate as a pulpotomy
agent in primary teeth. Pediatric Dentistry, 1991; 13(6): 327-332.
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Shaw, D. H., Krejci, R. F., and Kalkwd, K. L. Gingival response to retraction by ferric
sulfate. Operative Dentiszty, 1983; 8(4): 142-147.

H. Information about dosage forms used:

Solution

I. Information about strength:

J. Information about route of administration:

K Stability data:

Store at room temperature. Protect from light.
Stable

L. Formulations:

Ferrous Sulphate... .............400gm
Sulphuric Acid.....................78gm
Nitric Acid, Distilled water - a significant quantity.
*See file for compounding formulation*

M. Miscellaneous Information:

Page -2-
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Product:
Grade:
&Q&:

Amearance:

Mo1. Formula:

Mo1. Weiqht:

Description:

.-
.

.._

CERTIFICATE

FERRIC SULFATE, HYD~TE H
Reagent Grade

—

OF QUALITY

2445A23

F
F?ne yellow crystalline powder ~

Fe2(S04)3.xH20

399.88 (anhydrous)

u

_-—

~urity
Insoluble
Chloride (L=O.002)

Ferrous Iron (L=O.02)
Copper (L=0,005)

Zinc (L=O.005)
Nitrate (L=O.01)
.Ton-precipitables (by NH3, L=O.1)

Storaqe: Store at room temperature. Protect from
moisture.

[<

.

..

Minimum Maximum
73.0

0.02
<0.002
<0.02
<0.005
<0.005
<0.01
<0.1

..—... .. .... ...
—

— —..

#



QUALITY CONTROL REPORT

CHBMICAL NAME. :FERRIC SULFATE

MANUFACTURE LOT NO. :2036A41

SPECIFICATION

HYDRATE

PHYSICAL TEST

TEST STANDARD. :USP /BP /MBRCK /NF /MART. /CO.SPECS. u. . —— — .

I)DESCRIPTION. :
T GRAyISH-WHITE poWj)ER, OR RHOMBIC OR RHOMB~EllRALXECf~

I

HYDROSCOPIC;

; C~CIAL PROD”UCT ~c5NTA~~T 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; PRACTICALLY INSOLUBLE IN ACETONE,
AND ETHYL ACETATE; HYDROLYZEDSLOWLY IN AQUEOUS SOLUTIONS.

3)MELTING POINT.:

_-#

4)SPECIFIC GmvITY. :

o5)IDENTIFICATION .:
A)A ~P&S40 NDS TO THE TEST FOR FERRIC IRON AND SULFATE.

PASSES, : FAILS .:

COM4ENTS. :

ANALYST SIGNATURE.: DATE. :

PREPACK TEST.: DATE. : INITIAL. :

RETEST. : DA!(TB.: INITIAL. :

~-- “

.—-
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Ferric Sulfate Monohydrate

* * A * MATER~L CJAFE~ DATA s~ET * * * *

Ferric Sulfate Monohydrate
45419

*** * sEcTIc)N 1 _ cH~I~ PRODUCT

MSDS Name: Ferric Sulfate Monohydrate
Catalog Numbers:

s80013
Synonyms : .

AND COMPANY IDENTIFICATION ****

.-. ~ p::ro n Trisulfate; ~Fexric Sulfate; Iron Persulfate; Ir~ ,,AC_.
quisulfate; Iron Sulfate (2:3); Iron [3+) s~t. ! ~lllF1,ric-

Iron
cOmp d entification: Fisher Scientific

1 Reagent Lane
Fairlawn, NJ 07410

For information, call: 201-796-7100
Emergency Number: 201-796-7100
For CHEMTREC assistance, call: 800-424-9300
For International CHEMTREC assistance, call: 703-527-3887

**** SECTION 2 _ cOMpOslT1ON, INFO~TION ON ING~DIENTs **+*

+----------------+--------------------------------------+----------+-----------+
I CAS# Chemical Name

l---------------- l-------------------------------------- :----:----- ;--::~::f--:
10028-22-5 lFerric sulfate, monohydrate 100 I 233-072-9 I

+----------------+--------------------------------------+----------+-----------+
Hazard Symbols: XI
Risk Phrases: 36/37

*+*+ SECTION 3 _ ~Z~DS IDENTIFICATION ,+*+*

EMERGENCY OVERVIEW
Appearance: yellow-gray.
Caution! May cause respirato~y 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 buIns. May cause liver and kidney damage.
Inhalation:

May cause respiratory tract irritation.
Chronic:

No lnformat~on found.

*+** SECTION 4 - FIRST AID MEASURES ****

Eyes :
Flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower l~ds. Get medical aid
immediately.

Skin:
Get medical aid if irritation develops or persists. Flush skin with
plenty of soap and water.

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 a~d 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 ~ _ FIRE FIGHTING ~su~s ****

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.

**** sEcTIc)N 6 _ ACCIDENTAL REL~E M~suREs *hh*

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.

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.

h+h’h SECTION 8 . EXPOSURE CONTROLS, PERSONAL PROTECTION ****

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

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

~-. I Chemical Name I ACGIH I NIOSH IOSHA - Final PELs[

l-------------------- l ------------------- l------------------- l ----------------- I
I Ferric sulfate, monlnone listed {none listed Inone listed
I ohydrate I I I I
+--------------------+-------------------+-------------------+-----------------+
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OSHA Vacated PELs:
Ferric sulfate, monohydIate:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

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

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to prevent skin
exposure.

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

**** SECTION 9 _ pHySIC~ AND CH~IC~ 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 _ sT71LITy AND ~cTIvITy ***,+

Chemical Stability:

L~ S-ek
Cond~t~ons to Avoid:

Incompatible materials.
Incompatibilities with Other Materials:

Corrosive to metals.
Hazardous Decomposition Products:

Sulfux oxides (SOX), including sulfur oxide and sulfur dioxide.
Hazardous Polymerization: Will not occur.

**** sECT-ON 11 _ TOXICOLOGICAL INFo~TIoN ***+

RTECS # :
CAS# 10028-22-5: N08505000

LD50/Lc50:
Not available.

Carcinogenicity:
Ferric sulfate, monohydrate -

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

No data available.
Other Studies:

No data available.

‘*** SECTION 12 - ECOLOGICAL INFORMATION ****

Environmental Fate:
Not available.
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**** SECTION 13 _ DISpOS~ CONSIDERATIONS **+*

Page 4 of 5

~
Dispose of in a manner consistent with federal, state, and local regulations.
RCRA D-Se~ies Maximum Concentration of Contaminants: Not listed.
RCP.A 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 _ T~spORT lNFO~T1ON ****

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 _ RE@JLATORYlNFO~TION ****

---

US FEDERAL
TSCA

CAS# 10028-22-5 is listed on the TSCA inventory.
Health .SSafety 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)
final RQ = 1000 pounds (454 kg)

Section 302 (TPQ)
None of the chemicals in this product have a TPQ.

Section 313
No cheficals are reportable under Section 313.

Clean Air Acti
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 product 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 Jerseyr 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 listed on Canada’s Ingredient Disclosure List.

Exposure Limits
CAS# 10028-22-5:. OEL-DENMARK:TWA 1 mg(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 _ ~DIT$fJJ~ INFo~TIoN ● ***

MSDS Creation Date: 6/2811995 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 detertine 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 paxty 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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THE PHARWCOPmIA OF THE :!

3

I

Dithwol Diiodide(ThymolIodide).........(CloHIaO)fla %%4
Dysprosium 0-[6

Emetine ““””” ””””” ”””-- ”” . . . . . . . . . . . ..Dy ““””” ”””””.... 550.W
. . . . . . . . . . . . . . . . . . . . . . .

. . ““-”” ””-””: ””’” -””” ”””” . . . . ..0 . . .. C.6HW02N . . ..- ..-> . . . . . . . ]62:~
“ Hwimddwde, Anbydrous.

EpinepMne, Hydratd . . . . . . . . . . . . . .. CwH4404N2.2HCl . . . . . . . . . :;~~~

Erbium
. . . . . . . . . . . . . . .. C9H1~m~+ ~H20 . . . . . . . . ~92”1:

a
. . . . . . . . . . . . . . . . . . . . . .,

‘=fihroI ‘Tetrmitrate. . . . . . . . . . . . . . . . . . . . . . ..Er.. . . . . . . . . . . . . . . . . . . . ...167.7

ficner (Ethyl Ofide). - “..........a+,@<moj4......+.@<me-..~02W~..
EthylAcetate ‘“””””-””’”””’”””c....(~H50@.......-.,...,.... “ ‘

74.08~.............................C2H5~~ ............... ~~’~
.“ Carbamate,....................c1 P1.1—-.., .....CO(OC2H5)NH2............ 89”07

..........~H5~ 4
-,..........d.CgH50~.~jj...~j.....~..: ‘<~,’

IorphineHydrochloride...........

~::
<’ ....CMHZS03NHCI+~H,o ,fg-~~,’ i

l..

EthylNitrite, ‘&y&O~. ...CMHZSOU~C1,..’.
-,,

....

I

““”’”-’”””+-”-”.”””.........&H6N02......~......““”-- 349”~.“ Oxide(Eth~r),>.,:
Eucaine(Beta)

..............74...
....(CaH5)20................. ;:::’. ............................CI6H2102NHCI+HQ ...... 301:66!EucaI~tol(Chml)........................CloH.eO

Eugenol.................. .............
Europium

.................~gH1202..............:::’154.14!..

i

164.10{................................:,, FerricAcetate ........................
.........................-. 152.0 ,‘> Cl, _.. W.fo.u-n \

t.”
:.:.

1“,:
,....

.:. .

l:jj~,’l...

,

.,
~hydroug

--.—=\Wv*/2-l-
Cidoride

.......Feiw4(S04)z.........<....266.~ “:

(< “Afij&:~. -...............F~$+6H20

“Hydroxide ~.................FeC~..c...a~~~~~~~~~~.~~~ ~0”32’~a
162.22 I..: . . . . . . . . . . . . . . . . . . . . . . .. Fe(oH)3 . . . . . . . . . . . . . . . . . . 113386’~

Hypophoaphte
Nitrate

. . . . . . . . . . . . . . . . . . . . .. Fe(pHQ)a . . . . . . . . . . . . . . . 251.01:

Oxide
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. Fe(N03)3. . . . . . . . ..4...... ~1.874

.,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

‘hO~hk(nond, not U.S.p.) . . . . ..~p~4.. . ..’ . . . . . . . . . . . . . . 159.68 “
*phosphate (normal, not u.&p.j.. .FM(p&l~ . . . . . . . . . . . . . . . . 150.88 ~
Subdphate (vfiable) . . . . . . . . . . . . . . . . 745.60,:$
fhdphate (Tersdphate) . . . . . . . . . . . . . . .Fez(SOq)s

Ferrnm Bm~de T.3
{{

. . . . . . . . . . . . . . . . . 399.89 ;:
8<

4

. . . . . . . . . . . . . . . . . . . . . . . . . .. FeBrz+6H20. . . . . . . . . . . . 32378 ,,

Anhydrous<<
C~bonate

. . . . . . . . . . . . . . .. FeBrn. . .

(t
Iodide

. . . . . . . . . . . . . . . . . . . . . . . .. FeCO~. ~.~t. ~~~. T~~~... I.~ ~~~~ ‘i

&t . . . . . . . . . . . . . . . . . . . . . . . . . . .. FeIz... . . . . . . . . . . . . . . . . . . .
Lactate

cc cd 309:68 ‘~.~j&~ . . ..’ . . . . . . . . . . .. Fe(CsHeOs)~+3&O. . . . . . .
11

Oxide
. . . . . . . . . . . . . . . .. Fe(C&Oq)Z . . . . . . . . . . . . . . 233.92 “

i, . . . . . . . . . . . . . . . . . . . . . . . . . . . .. FeO . . . . . . . . . . . . . . . . . . . . . .Sdphat,e
4t [’

. . . . . . . . . . . . . . . . . . . . . . . .. FeS04+7&0. . . . . . . . . . . . . 275w ?

Allhydrougls 6, . . . . . . . . . . . . . . .. F&04 . . . . . . . . . . . . . . . . . . . . . “
Exsiccatd (approtimateiy) .2FeS04 +3Ha0<(

fhdphide.,
Ferrum,

. . . . . . . . . . . . . . . . . . . . . . . .. F& . . . . . . . . . . . . . . . . . . . . . . 3;~~ ?,,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fe.'uor=ceh (~sorcmOlphth~e~) . . . . . . . . ..cmH.zo~ . . . . . . . . . . . . . . . . . .
Fluorine

55.;4 ,.;:
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F . . . . . . . . . . . . . . . . . 33~9Jo ,Sk
:1?. . . . . . . . . . . . . . . . . . . . . . . . .

19.0 ~



454 Ferric Sulfate
i

practicably nOntOXiC. A mild local irri[ant. Large do~e~
oral[y can cause diarrhea.

VST usE: Locallv as stvrrtic. Diluted orally in G.L tract. . . .. .
Iwrrrorrhages. “

Ferric Sulfate. Ferric persulfate; ferric sesquisulfate;
ferric tersulfate. Fez(S04),; mol wt 399.88. Fe 27.93%,
O 48.01%, S 24.06%, Prepn: Gme{irr’sHandb. ernorg.
Chenr., System no. 59 (Iron), part B, pp 439-462 (1932).

Grayish-white powder, , or rhombic or rhombohedra[
CCySta[S.V? h~ppm. Commercial product usual!{
contains about 2 ~ waterand is yellowish in color.
3.097. Slowl sol in water, rapidly sol in the presence of a
trace of FcS 4; sparingly sol in alcohol; practically irssd in
acetone, ethyl acetate. Hydrolyzed slowly in aq soln. Keep
well closed and protected from light. LD s.c. in frogs: 13gjkg.

uSE: In prefm 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 d~eing and calico printing; in SO!l
conditioners; as potymerrzation catalyst.

F*c Ta!mate. Ferric gailotannate. Variable composi-
tion. Cawarns 8-10~0 Fe, 70-80T0 tannin.

Bluish-black oowder. Insoluble in water; sol in dil
mineral acids. -

USE: In inks.

Femic Thioeyanate. Ferric sulfocyanate; ferric sulfo-
cyanide. Fe(SCN)a; mol wt 230.08. CSFeNsSa; C 15.66~o,
Fe 24.27Y&N 18.26Y0,S 41.8170. Prepn: Gmelin’s Handb.
anorg. Chem.. System no, 59 (Iron), part B, pp 747-761
(1932); Uri, J. Chem. Sac. 1947, 336.

Sesquihyd~ate, Fe(SCN)?. 1+HzO, red, deliquesc crystals.
Dec on heating. Solublem water, alcohol, ether, acetone,
pyridine, ethyl acetate; practically insol in CHC[S, CC14,
CSZ,toluecte. Keep well closed.

USE: Analytical reagent,

Ferrite. Ferrospinel. A crystalline, usually man-made
material, having a spinet structure and consisting essentially
of ferric oxide and at least one other metallic oxide which is
usually, although not always, divalent in nature. When
molded into compressed bodies, the material is characterized
by high magnetic permeability. Typified composition: FesOs
67-70%; ZnO 10-10.5VO;MnOs 20-22.5%; CUO O.1-1070;
C0304 0.1%.. Fcrrites are prepd by ceramic techniques.
The oxides or carbonates are milled in steel ball mills, and
the mixture of very fine particles is dried and pretired in
order to obtain a homogeneous end product: Hil ert, Ber.

E“42, 2248 (1909). Examples of modern techniques: impkiss,
U.S. pat. 2,723,238 (1955 to Radio Corp. of America);
Harvey, U.S. ~t. 2,723,239 (1955 to Radio Corp. of
America). Boo s: Snoek, New Developments in Ferromag-
netic Maferiuls (Elsevier, New York, 1947); Smit, WIjn,
Ferrites (John Wiley & Sons, Inc., New York? 1959);
Soohov, Theory and Application of Ferri/es (Prenoce Hall,
1960); Standley, Oxide kfagtre~ic h4ateriak (Clarendon
Press, Oxford, 1962). Reoiews with bibliographies: Gorter,
%x. I.R.E. 43, 1945-1973 (1955); Fresh, “Methods of Prep-
aration and Crystal Chemistry of Ferrltes, ” ibid. 44, 1303-
1311 (1956); Brailsford, kfagneric Marerials (3rd ed, John
Wiley & Sons, Inc., 1960), pp ]6&181; Hogan, s~j, Am,
202, 92-104 (1960); Economos, Kirk-O thmer’s L%cyclo-
pedia of Chemical Technology vol. 8 (2nd ed, Interscience,
1965), pp 881-901.

USE: Radio and television coil cores; slug tuners, 100P.
stick antennas. Human Toxicity: The dust can cause pul.
monary irritation. See also specific metals.

Fervitin. A crystallizable protein contg 20-24% iron and
1.2-2~o phosphorus. Forms a large part of the storage iron
in spleen, intestinal mucosa, and liver. Isolated from horse
spleen. Reukw: Kleinwlchter, Cherrr. Liwy 55, 234 (1961).

Ferroakesntardte. 2Ca0.FeO.2SiOz-calcium iron silicate.

Ferrocene. Dicyclopesrradienyfiron; biscyclopentadienyl-

iron. C1OH,.Fe: mol wt 186.03. C 64.5670, H 5.42~o, Fe
30.027.. Prepns: Kealy and Pauson, Nature 168, 1039
(1951); Pauzon, U.S. pat. 2,680,756 (1954 to Du Pent);
Miller et al., J. Chem. Sot. 1952, 632; Anzilotti and Wein-
mayr, U.S. pat. 2,791,.597(1957 to Du Pent). Other prepns:
Wilkinson? Org. Sysr.36, 31, 34 (1956); Pruett, Morehouse,
Adcances m Chem/srry Series 23, 368-371 (1959); Wilkinson,
Org. Syrr.,COO.vol. IV, 473 (1963); Cordes, Fr. pat. 1,341.880

1(1963 to BASF); CA. 60, 6873a. Structure studies: Wiikin.
son er al,, J, Am, Chern. .%. 74, 2125 (1952); Seibold an

$Sutton, J. Chem. Phys. 23, 1967 (1955). Reuiew on ferrouw
reactions: Rausch er al., ~. Chem, Ed. 34, 268 (1957). Book:i
Rosenblqm, Chemistry of the Iron Group Metaliocenes
(John Wdey, New York), 1965. 4‘*

Orange needIes from methanol or ethanol; odor of:
camphor. mp 173-[74°. Sublimes above 100°. Volatile in
steam. Practically ursol in water, 10VoNaOH, and coned
boiling HCI. Soluble in alcohol, ether, benzene. AIZO1
dissolves in dil nitric and coned sulfuric acids forming a ~
deep red sohr with blue tluore~ence. The mo[ecule is~
diamagnetic and the di@e moment is effectively zero.

USE: Antiknock additive for gasoline; catalyst. Human ~
Taxiciry: No specific data. Animal feeding expts show ~
almost complete absence of toxicity. :d

*
Ferroeholitrate. [kfystrogencimato(3-)]triatpmiron, chofbre”\

$a/t; iron choline citrate; Chelafcr; Chel-Iron; Ferrolip
“-!C,tH1.FeNOll; moI wt 402.17. C 32.85~0, H 6.01~,..

Fe 13.897., N 3.48V0,O 43,76V0. Prepd by interaction of{
equimolar quantities of choline dihydrogen citrate and !
freshly prepd Fe(OH)s or FeCOa: Bandelin, U.S. pat. ‘
2,575,611 (1951 to Flint Eaton & Co.); by treatment of a ~
freshly prepd soln of ferric citrate with an equimolar amount ]
of choline: Chakrabarti, Sen, Chemistry & Industry (London) ,
1961, 1407. <

:l,,/O-?
y2 ~2CH20H

2 / “o_c–a2mN(m3)3 ‘
rr20

\, o–en

Greenish-brown, reddish-brown or brown amorphous
solid with @istenmg surface upon fracture. Freely sol in
water, yielding stable soln?; sol in acids, alkalies. One gram
of pharmaceutical grade m equivalent to 120 mg of ele-
mental iron and 360 mg of cho[ine base.

Nore: Other combinations of iron, choline and citric acid
have been prepd for pharmaceutical use. A 1:2:2 chelate,
CazHscFeNIOls, was reported by Chakrabarti and Sen,
foe. cif,, and a 2:3:3 chelate, CsaHs,FetNsOztJ by Rosen-
felder, U.S. pat. 2,865,938 (1958 to H. Rosensteln).

MED usE: Hematinic in iron deficiency anemia.

Ferrodolorrtite. CaFe(COs)a~lcium iron carbonate,

Ferroglycine Sulfate. Ferroglycine sulfate complex;
ferrous sulfate glycine complex: ferrous aminoacetosulfate;
iron sulfate-gfycine complex; glycine-ferrous sulfate com-
plex: Plesmet: Kelferon; Ferronord; GIyferro; P1eniron.
Pre n from glycine and ferrous sulfate: Rummel, U.S. pats.
2,8;7,253 and 2,957,806 (1959 and 1960 to Dr. Schwarz
Arzrteimittelfabrik GmbH).

MED USE: [n iron deficiency anemia. Dose: Oral 1-2
tablets (4O-8Omg of ferrous iron). Side Eflecis: G.I. dis.
turbances may occur. See ai!roFerrous Sulfate.

Ferrorrascin. 2,4-Dihydroxy-3,3-dimerhy/butyric acid iron
dmivati~e sodiam salt; bis(a,y-dihydroxy-@,&dimethylbutyr-
a~o)ferric acid sodium salt: sodium bis(a,Y-dihydroxy-@,B-
dtmethylbutyryl)ferrate. CmHzoFeNaOs; mo[ wt 371.13.
C 38.84%, H 5.4375, Fe 15.057., Na 6.19%, O 34.49%.
Prepn: Schnider, U.S. pat. 2,474,989 (1949 to HotTmann-
La Roche).

[K~2c(ct13 )+HO-CCO-]~Fe+’+Ya+

Brown soln of yellowish-brown So[id. The free acid is
precipitated from acetone as a pale yellow-brown powder,
becoming brown on heating above 150”.

MED usE: Hematinic for iron deficiency anemia.
iv. 2 mI ( = 20 mg of iron). Side Effects: Thrombo?of
the injected vein, headache, flushing, G.I. symptoms may
occur.

Consult the cross index before using thir section

!



Ferric Hypophosphite ‘$

voi 2, G. Brauer, Ed. (Academic Press.
d., 1965) p 1499. Crystal stmcture of a-
,on, ‘~. Cryss 25B, 1683 (1969). Review:
lb “?ufl. 4, 15-30 (1959).
pO\ x crystals. Loses HZO to form
Pract!call y in sol in water, alcohol. Sol in

!g water, as absorbent in chemical Pr@=s-
1s catalyst.

c Hypophosphite. FeH60~P3; mol wt
7% H 2.4)% O 38.27Y0, P 37.05’?0. Fe-

U.SD. 25th ed, p 573.
;h-white powder. Odorless, tasteless. Sol
i water, I200 parts tilling watec more sol
tce of H3POZ; sol in warm cOncd $olns Of
mtect jiom ligh~ Should not be heated or
Joratcs, nitrates, or other oxidizing agents.
as dietary supph=rnent for phosphoms.

late Cafcittm Sodium. Pentaaqua[&glucO-

!X]tetro-~-hydroxydiox0trifermte(3 –) cai-
1.-4); morrocalcirmr tetrasodium bis[penta-
>xy[D-giuconato(4 -)]diOxotrifcrrat& 3-)];
LFe6Na,0~; mol wt 1231.57. C 1I.7~07 H

Fe 27.21Y0, Na 7.47%, O 46.7~Yo.
Iernatinic.

Nitrate. FeN309; mol wt 241.56. Fe
%, O 59.547.. FdNo3 )3. Pwn: GrneIin‘~

part B, 161-172 (1932). Toxi~ty study:
;., Am. Ind Hyg. Assoc. J. 30, 470 ( 1969).
de-violet to grayish-white. somewhat deli-
np 4T. Dec below 10&. d]i 1.68. Freely

:ohol, acetorw slightly SOI in coId Coned
dly in rats: 3.25 g/kg (Smyth).
ant in dyeing, weighting silks. tanning as
ical chemistry, as corrosion inhibitor.

c Oxide. Ferric sesquioxide; jeweler’s
101 wt 159.69. Fe 69.94% O 30.06%. a-
}aturc as the mineral hematite. YForm oc-
the mineral maghernifq prepd by dehydra-

IH): Giovanoli. Briitsch. Chimia ~, 188
‘atf ‘-allomorphic form, t-F~O+ Schra-

A 411gem. Chews. 320, 220 (1963);
stie. .npt Rend 261, 4423 (1965). COl-
x of F~O, are dep-$ndent upon the size and
ticlea and the amount of combined water.
properties: Gmelin’s, Iron (8th at.) 59, part

; Baudiach, I-Iartursg. InoI’s- ~Yrs. 1, 185
s Encyklopddie der Techrrirchen Chemie vol.
i); Bcmal et aL, Clay Miner. BuIL 4, 15-3o
ogyt L. T. Fairhrdl, Industrial Toxicology
mk, 2nd cd.. 1969) PP 64-66.
npoaition of the substance called 6-Fe203 is
O (Bemat et al.).
ntial symptoms of overexposure to dust and
I pneumoconiosis with x-ray shadows indis-
m fibrotic pneumoconiosis. See NIOSH
Chemical Hazards (DHHS/ N1OSH 90-117.
.rhall, lot. cit.
:nt for robber, paints, paper, linoleum. ccra-
~aint for ironwork, ship hulls; as polishin8
precious metals. diamondw in d=tri~l re-
conductorw in magnets. magnetic taw. as
d solns as stain for polyaaccharidcs.

c Oxide, Sacchatrated. Sacchara@d iron;
Iliron I.V.; Feojectin; Ferrivenin; Ferum
m; Nco-Fermrn; Pro ferrirr; Sucrofer. Con-
:e. Prepn: U.S.D. 26th cd., p 627 (1%7).
mtg 2?%Fe suitable for iv. injection: Slack.
:er 256, 11 ( 1949).
r. Sol in water. Practically insol in alcohol.
ble in the presence of electrolytes: Oa nor
‘bgical soiinel
Hematinic.

c Phosphate. FC04P, mol wt 150.82. Fe
}%, P 20.54%. FePO& Occurs in nature as
bemunite, cacoxenite, dufrwrite, korrinckite,

phosphosiderite. strengite- PrePn frOm F~Hzpot) : fk&
<co), ~Boulle, Compt. Rend. 253, 2699 (196 lk from F

H,PO,: Cate er a[, Soil SCL 88(3), 130 (1959) from p~
phate rock: Vickcry, U.S. pat. 2S14.3~ (1959 tO Hor@-&
Irrc.h from mill scale and HjP04: Alexander. Mathea,~~
pat. 3,070,423 (1962 tO Chemetron).

Dihydrate, white, grayish-white. or light pink, OS
rhombic or monoclinic crystals or amorphous pow~
Loses water above la. d 2.87. Practical] y mad in ~
Slowly soI in HN03; r-dily SO1in HC1. ‘i ‘hi
usE As food and feed supplement. particulady in ~

enrichment; as fertilizer. .,.

““”~w
4075. Ferric Pyrophospltate. Fe %p; MOIwt 745.21~

?~Fe 29.98%, O 45.09%, P 24.94%. Fe. pzol Y ~ePn~ G&
/irr’s, Iron (8th cd.) 59, part B. 777 (1932); Kmght. Kettj,
U.S. pat. 3,014,784 (1962 to American oil). ‘a>y

Nonahydrate, yelIowish-white powder. Practically ~
in water or acetic acid. S01 in mineral acids. .!k-- ,+

USE: ,4s catalyst; in fireproofing of synthetic fi~~~
corrosion-preventing pigments.

THERAP CAT: Hematinic.
‘%.,,:.

4076. Ferric .%ditmr Edetate. ffN,,V’-Ethan~iylb@
(carboxymethyf)g fycinato]](’f- ~]-N,.V, 0.0’, ~,~-je~”
(I – ) sodium; sodium [(ethyfen~initri fo)telmo~tifl-.
(1—); (ethy[enedinitrilo)tetraacetic add sodium salt frm
complex; ferric monosodium ethyienediaminetetrf=cerstc
edetic acid sodium iron salt; sodium iron cdctate -
feredetate Ferrostrane; Ferroalrene: SybrOn. CIJ-$SF “

‘%Na08; mol Wt 367.05. C 32.727., H 3.3r37’o.Fe 15.21%,
7.63% Na 6.26?L0,O 34.877.. Prepd from ditiurrr etb%
enediaminetetmacetic acid and ferric nitrate Sawyer.A&
Kinnie, J. Am. Chem. SOC 8Z 4191 (19643).

%
,( :.

~.“. :

Crystals from water + ethanol. -Ii
THERAPCAT: iron source.

a

.Jy

4077. Ferric Sodium Pyrophoaphate. sodium IJ
pyrophosphate. Fe, N~OmP1O moi WI 1277.02
17.49% Na 14.40%, O 43.85%. P 24.25% HYdrstc#
Fe4(P107).xH20. The commercial product corstrlkd
16.5% Fe and 50.5-52.5’7’ PIOY . 0$

White powder. Bulk density 1.4-1.6. Sol in hytfrad
acid. hrsol in water. tfi

USE Food enrichmerrt. L&ss prone to induce ~
than orthophosphates.

4s378. Ferric Subsrdfate Solution. Basic fen+=‘~”4aoln; Monad’s soln. Approx: Fe&0H)2(S0,)s. p-*
FeSO, and HN03: U.-SD. 25th d.. P 574.

s

W

Reddish-brown liquid. Almost Odorl=s aour~ “ -

s
astringent taste. Acid to litmus. Affected by fish \
1.54S. Mkcible with water. alcohol. May CSYS ,Um ~.

g

solidify at low temps. Keep well closed. protectedj%
in a warm place. , &

USE As mordant in dyeing textiles. 1:1 :
THERAPCAT: Styptic. .,),
THESAP CAT (WIT: StYptiC. astringent. ~’, ,

t.’
4079. Ferrfc Sulfate. Ferric persulfat~ ferric ‘- }

srslfat~ ferric tersulfate.

3

Fe20,2~; mol wt 399.8g ,:
27.93%, O 48.01% S 24.06Y0. Fe2(S0.)~ prepn: 9” ‘
Imn (8th cd.) 59, part B. 439-462 (1932). : ~

Gratish-white srowder, or rhombic or rhomboh ,.p_,*,

Ferroglycim

md coppec as mordant in textile dyeing and calico print-
ing; in soil conditioners as polymerizatiorr ~t~yst.

4080. Ferric Tannate. Ferric gallotannate, Variable
imposition. COntains 8-10% Fe, 70-80’7’ tannin.

Bluish-black powder. Inaol in water; SOI in dil mineral
acids.

USE: In inks.

4081. Ferric Tfriocyaraate. Ferric sulfocyanate: ferric
Sulfocyanide. C, FeN,S,; mol wt 230.10. C 15.667’o, Fe
24.27% N 18.26~0. S 41.81 ~.. Fc@CN)Y Preprr: Gmelin’s
Handb. Anorg. Chem.. Jmrr (8th cd.) part B, 747-761 (1 932).

seaquihydrate. red, deIiquesc crystals. Dec on heating.
s01 in water. alcOhol. ether. acetone. pyridine. ethyl acetate.
pmtically insol in CHC13, CCIV CS1, tolucne. Keep well
closed

USE: Analytical reagent.

4082. Ferrite. Ferrowincl. A crystalline, usualIy
mm-made materi~. hating a spincI stmcture and consisting
esaenti~ly of. ferric oxide and at I=st One Other metallic
oxide which Is usually. ~thOugh not ~ways. divalent in
nature. Men m01d4 into compr==f bodes. the material
is characteri=d by high magnetic pcrm=bility. Typified
composition: FelOJ 67-70%; ZnO 10- 10.5?0; MnOZ 20-
22.57.; CUO Q.1-1~.: Co,04 0.1% Ferritcs are prepd by
mamic mchniqu= The oxide or =bona(m we milled in
steel ball mills. ~d the mixture of very fine particles is dried
sad prcfiredinordertoobtaina homogcmmusendproduct:
Hilpert,Lfe~.42,2248(1909).Examples of modem tech-
niquca: Simpkiss Harvey, U.S. pats 2,723 J?38-9 (both 1955
to RCA). Prepn of single crystals: Rooyrmans, Cidloq. Irrr.
CerrLNat. Rech. ScL No. 205. 151 (1972). Books: Snoek,
New Developmerru M Ferromagnetic .Warerlals (Elsevier,
New York, 1947k Smit. Wijn, Fem’fes (John Wdey, New
York, 1959); Soohov, 27rcorY and Applications oJ”Fem’res
(Prerrtice Hall, 1960k Standley, Oxide .Wagneric Mareriafs
(Clarendon pr=s. Oxford. 1962k Fem”res Pm-c Irrt CorsJ.
Y. Hosbino er aL, Eds. (University Park Press, Baltimore,
1971) 671 pp E. E. Riches, Fem”tes. A Review of .WareriaLr
and Applicariorrs (Mills and Boon, London, 1972) 88 pp.
Reviews with bibliographies: Gorter, Pnx. f.R.& 43, 1945-
1973 (1955); Fresh, ‘“Methods of Preparation and Crystal
Chemistry of Fen-itcs.” ibid 44, 1303-1311 (1956k Brails-
ford, Magrreric Materiafs (John Wiley, New York, 3rd cd.,
1960) pp 160-IS I; Hogen, Sci Arm 202, 92-104 (1960);
Economos in Kirk -Othmer’s Encyclopedia of Chemical
Techrro/agyvol. 8 (Intemcierrce. New York. 2nd cd., 1965)
pp 881-901; Gray, “’Oxide SpineIs’” in High Tempemtum Ox-
ides, Para IV, A. M. Alpcr, Ed. (Academic Press. New
York, 1971) pp 77-107.

Note.’ The temr ‘Yerrites’” haa ban expanded to mcarr any
o~dic magnetic materiaf.

USE: Magnetic cores for inductors and transformers;
Microwave devices; information storage electromechanical
transducers: E. E. Riches, 10C.tit; Brockmarr, Cemrrr. Ind.
99,24 (1972).

4083. Ferrftin. Epadora; Ferrofolin; Ferrol; Ferro -
$PrincFerrostac Sarrifen Sldema; Unifcr. Major iron stor-
ageprotein; found in spleen, liver arrd intestinal mucosa Of
vertebrm~ widely distributed in the pkart and animal king-
doms. Isoln and crysrallimtion of horse spleen ferritin:
f.auf&rger, BUIL ~ chin BioL 19, 1575 (1937} Granick.
J. BioL Chem. 14, 451 (1942} Crichton et al.. Biochern J
131, 51 (1973), ~nsls~ of a protein shell surrounding a
‘WWdline. hydrated iron oxide/ phosphme core. The core
maY Contain up to 45(X3 F#+ ionw usrfractionatcd, horse.
sPkn ferritin contains approx 20% iron on a dry weight
basis. ~e protein shell, aprrjcrritin, has a mol wt Of
‘445,@3t3. ~e~ pro- s~mctur~ofprotej”moiety:

Harrison, J. MOL BioL 6, 404 (1963} Crichton. Biochem. J
1% 761 ( 1972k Nlitsu et aL, Biochem, Biophys Rex Com -
~um S5, I I 34 (]973). Absorption spectra: Grarrick. Chem.
ffeu.3s, 379 (I%), u= of ~mm ferritin and isoferritins in
Chnical medi~ne J. W. Halliday, L. W. Powell, Ping.
%safoL 11 229 (1979). Review Harrison. HOY. ‘“Ferri -
tin” in Ino&a”lc Biwhem&t~ ?OI. 1, G. L. Eichhom. Ed.
(f&&, New York> ]973) pp 253-277; CrichtOn. Angew.
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Database: Medline <1966 to present>

<1>
Unique Identifier
97406844

&

Authors
Fuks AB. Holan G. Davis JM. Eidelman E.

J

Title
—Ferric sulfate versus dilute formocresol in pulpotomized

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

/4 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. ‘Suc~ess rates of both groups_wer~ similar to those. .....—--- ———— ——...—_
ot_pr_e_v_~o~-E_KQ’~=–.ti~i~l~z-i-rigthe traditional Buckley’s
formocresol . ------..

___——-.-..-

.fier
<2>
Unique Identi
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.

L

II. With curettage and irrigation.
Z Source

Journal of Endodontics. 19(4):174-6, 1993 Apr.
Abstract

J

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 surgical site prior to closure, ferric sulfate did
not cause persistent inflammation or delay osseous repair
in comparison to controls.

<6>
Unique Identifier

93316023
Authors
Lemon RR. Steele PJ. Jeansonne BG.

Title
Ferric sulfate hemostasis: effect on osseous wound healing.
Left in situ for maximum exposure.

Source
Journal of Endodontics. 19(4) :170-3, 1993 Apr.

Abstract
Ferric sulfate solution is an accepted soft tissue
hemostatic agent for 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

_—_



Page Number : 5

(2/
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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 filling 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
(Astringedent) .

Source
Operative Dentistry. 8(4) :142-7, 1983 Autumn.

-



-v.. - ~. INGREDIENT NAME;

B. Chemical Name:

Guajacol, Guaiacol, Guaicoo, Guajakol (CZECH), 0-Hydroxyanisole,2-Hydroxyanisole,
l-Hydroxy-2-Methoxybenzene, O-Methoxyphenol, 2-Methoxyphenol, Methylcatechol,
Pyroguaiac Acid

C. Common Name:

Austral: Waterbury’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:

(S’cijkations) (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



~—. 1.

J.

K

L.

M.

Information about strength:

0.3-O.6ml

Information about route of administration:

Orally

Stability data:

Boiling Point: 205C
Melting Point: 27C to 29C

Formulations:

Miscellaneous Information:

.

-

Page -2-
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PRODUCT: GUAIACOL LIQUID
RELEASE #: N

CERTIFICATE OF MJMJYSIS
.----------------------

GRADE:PURIFIED
LOT # :X49993D28 CODE:R9128201

1.

2.

3.

SPECIFICATIONS RESULT
-------------- ------

.

Description Colorless liquid , Conforms

characteristic odor

Solidification point 27.5 deg C min. 28.0 deg C

Assay 99.5% min. 99.7% .D

., .

ATTENTION: TONY HATCHETT

Date :06/06/97

9257

our Order # 234202

Prepared by .. jl.M. Sclll

Approved by

Your PO # 52~09
/

/-

., ,. .-..



QUALIm CONTROL REPORT

CHEMICAL NAME. :GUAIACOL PURIFIED (LIQUID)

MANUFACTURELOT NO. :X49993D28

PHYSICAL TEST

SPECIFICATION TEST STANDARD .:USP /BP /MERCK /NF_/wT._/CO.SpECSO_.—— —

1 ASCRIPTION. :
WHITE OR SLIGHTLY YELLOW CRYSTAL MASS OR COLORLESS TO YELLOWISH,

Cr/ VERY REFFL%CTIVE LIQUID; CHARACTERISTIC ODOR; DARKENS ‘N ‘xpOsuRE ‘0
I< I AIR AND LIGHT.

2)SOLUBILITY. :
lgm DISSOLVES IN 60-70ml WATER, lml GLYCEROL; MISCIBLE WITH ALCOHOL,
CHLOROFORIW,ETHER, OILS, GIACIAL ACETIC ACID; SOLUBLE IN NAOH SOLUTION;
WITH MODERATELYCONC KOH, IT FORMS A SPARINGLY SOLUBLE COMPOUND.

.~= 3)MELTING POINT.:

4)SPECIFIC GRAvtTY. :

5)IDENTIFICATION .:
A)COMPLIES IR SPECTRUM

PASSES. :

COMMENTS.:

ANALYST SIGNA=.:

FAILS .:

AS PER COMPANYSPECS.

DATE .:

PRXPACK TEST. : DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

_-4-+
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lJse your web browser’s “Back” key to return to previous topic

MATERIAL SAFETY DATA SHEET

Guaiacol, 99+%
06742

**** sECTION 1 . C1~MIC~ pRODUCT AND COMPANY HENTIFICATION ****

MSDS Name: Guaiacol, 99+V0

Q? 2-Methoxwhenol
.—. Company Identification: Acres Organics N.V.

One Reagent Lane
Fairlawn, NJ O741O

For information in North America, call: 800-ACROS-01

For emergencies inthe US, call CH~REC: 800-424-9300
For emergencies in the US, call CH~REC: 800-424-9300

+*** sECTION 2 _ COMPOSITION, INFOWTION ON INGREDIENTS ****

+.---------------+--------------------------------------+----------+-----------+

I CAS# I Chemical Name I % I EINECS#

l---------------- l--------------------------------------
I 90-05-1 (GUAIACOL
+----------------+--------------------------------------"

Hazard Symbols: XN
Risk Phrases: 22 36/38

---------- l-----------
99+ i 201-964-7

----–––---+-----------

**** SECTION 3 - HAzms 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:

Harmful if swallowed. May cause gastrointestinal irritation with

nausea, vomiting and diarrhea.
Inhalation:

May cause respiratory tract l.KKitatlOn.
Chronic:

Not available.



MATERIAL SAFETY DATA SHIXT

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

Page 2 of 5

---

.—-=

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

Skin:
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 In-mediately. If not breathing,
give artificial respiration. If breathing is difficult, give oxygen.

Notes to Physician:
Treat symptomatically and supportively.

,l*h* SECT1~N 5 _ FIRE ~~GHTING &f~SURES ● ***

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 _ ACCIDENTALREL~E M~suREs ****

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
ignition. Use a spark-proof tool.

**** SECTION 7 - HANDLING 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, 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 GUAIACOL Inone 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:

Clothing:

Respirators:

Wear appropriate protective gloves to prevent skin
exposure.

Wear appropriate protective clothing to prevent skin
exposure.

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

++&* SECTIoN 9

Physical State:
Appearance:
Odor:
pH :
Vapor Pressure:
Vapor Density:
Evaporation Rate:
Viscosity:

- PHYSICAL ANE

Liquid
clear slightly
Aromatic odor
Not available.
7 hPa @ 79 deg
4.3
Not available.
Not available.

CHEMICAL PROPERTIES ****

yellow

c

Boiling ;oint: 205 dea C @ 760.OC!MILl&
Freezinq/Meltinq Point: 27 - 29 deg C
Decomposition Temperature: Not available.
Volubility: 1.7 G/100ML WATER (15aC)
Specific Gravity/Density: 1.1290g/cm3
Molecular Formula: c7H802
Molecular Weight: 124.14

**** SECTION 10 - STABILITY AND REACTIVITY ****

Chemical Stability:
Stable under normal temperatures and pressures.

Conditions to Avoid:
Incompatible materials, light, exposure to air.

Incompatibilities with Other Materials:
Strong oxidizing agents - strongb=e.s– acidchlorides- =ld
anhydrides .

Hazardous Decomposition Products:
Carbon monoxide, carbon dioxide.

Hazardous Polymerization: Will not occur.

**** SECTION 11 _ TOXICOLOGIC= INFORMATION ****

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.

**+* SECTION 12 - ECOLOGIC~ INFO~TIc)N

Ecotoxicity:
EC 50 (24 hr) Daphnia magna: 63 mg/1

Environmental Fate:
Guaiacol is biodegradable.

Physical/Chemical:
Not available.

Other:
Not available.

+*** SECTION 13 . DISpc)S~ CONSIDEWTIONS

****

7+***

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.
RCP.A 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 disposal according to RCRA.

**** SECTION 14 _ T~SpORT INFO~TION ****

US DOT
No Information available

IMO
Not regulated as a hazardous material.

IATA
Not regulated as a hazardous material.

RID/ADR
Not regulated as a hazardous material.

Canadian TDG
No information available.

**** SECTION 15 _ REGU~TORY INFO~TION ****

US FEDERAL
TSCA

CAS# 90-05-1 LS listed on the TSCA inventory.
Health & Safety Reporting List

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

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

None of the chemicals are listed under TSCA Section 12b.
TSCA Significant New Use Rule

None of the chemicals in this material have a SNUR under TSCA.
SARA

Section 302 (RQ)
None of the chemicals in this material have an RQ.

Section 302 (TPQ)
None of the chemicals in this product have a TPQ.

SARA Codes
CAS # 90-05–1: acute, flammable.

Section 313
No chemicals are reportable under Section 313.

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

Clean Water Act:
None of the chemicals in this product are listed as Hazardous
Substances under the CTLA,
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 immediately

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
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16 - ADDITIONAL INFORMATION ****

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 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 claim.sr 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.

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

1IJ ( }, to product information



Appendix 1 A A27

A colorless, corrosive liquid with a pungent oclour;
__ weight per ml, about 1.22 g.-_

Formic Acid Solution, Non-aqueous A 5% VIVsolution
of anhydrous formic acid in chloroform.
Non-aqueous Formic Acid Solution should be freshly
prepared; it is an extremely corrosive material.
D-Fructose Laevulose; QHIZ06 = 180.2
General reagent grade of commerce.
A white, crystalline powder; melting point, about 103°
with decomposition; [u]& about -92° (10OAW/Vin water
containing ().05 trd of 5M ~Ofia).

s..-Fucose6-Deoxy-L-galactose; CbH,jOj = 164.2
General reagent grade of commerce.
A white powder; melting point, about 140°; [a]~, about
– 76° (9% w/v in water meas~ed after 24 hours).

Furfuraldehyde Furfural; furan-2-aJdehyde;
C,H,O, = 96.09
General reagent grade of commerce.
A colorless or pale brownish-yellow, oily liquid; boiling
point, about 162°; weight per ml, about 1.16 g.

rKalactose ~H ,20, = 180.2
General reagent grade of commerce.
A white, crystalline powder; melting point, about 164°;
[a]~, about + 80° (10% w/v in water).

Gailic Acid 3,4,5 -Trihydroxybenzoic acid; C,H,O,,HjO =
188.1
General reagent grade of commerce.
Melting point, about 260”.

Gelatin Of the British Pharmaco~ia.
___

“>elatin, Pancreatic Digest of
Microbiological reagent grade of commerce.

Gitoxin C,, H~O,, = 781.0
General reagent grade of commerce.
A white, crystalline powder; melting point, about 283°,
with decomposition; [a]~, about +22° (0.5°/0 wiv in a
mixture of equal volumes of chloroform and methanol).
Complies with the following rest.
HOMOGENEITYCarry out test A for Identification described
under Digitalis Leaf applying to the chromatoplate a
solution containing only the reagent being examined. The
chromatogram shows only one spot.

D-Ghscose Dextrose; ~H,lOb = 180.2
Analytical reagenr grade of commerce.
A white, crystalline or granular powder; [aJ&, about
+ 52. 5“ (lO?10WIVin water containing 0.2 ml of 5M
ammonia).

mG1ucose Monohydrate CfHlzOb,HzO = 198,2
General reagent grade of commerce.
Colorless crystals or a white to cream, crystalline
powder; [a]#, about + 52.5° ( 10”A w/v in water containing
0.2 ml of 5h4 ammonia).

Glycerol Propane-1 ,2,3-triol; HOCH,.CHOH.CH,OH =
92.10
Analytical reagent grade of commerce.
A colourless viscous liquid; weight per ml, about 1.26 g.

Glycerol (85%) Glycerol containing 12.0 to 16.07. WIWof
.-=~-lter; weight per ml, 1.22 to 1.24 g.

Aycerol Triacetate Triacetin; C~H1406 = 218.2
General reagent grade of commerce.
A colorless liquid; weight per ml, about 1.16 g.

Glycine Aminoacetic acid; H, NCH,,CO:H = 75.1
Analytical reagent grade of commerce.

Glycollic Acid Hydroxyacetic acid; HOCH2.C02H =
76.05
General reagent grade of commerce.
Slightly hydroscopic crystals; melting point, about 80°.

Glycyrrhetic Acid Glycyrrhetinic acid; a mixture of Q-
and &isomers with the ~-isomer predominating;
CWH4604 = 470.7
General reagent grade of commerce.
A white to brownish-yellow powder; melting point, about
292°, with decomposition; [a]& about + 160° (1?4. w/v in
chloroform).

@G1ycyrrhetinic Acid 3fJ-Hydroxy-l I-oxo-18~,20&olean-
12-enoic acid; C,O&O, = 470.7
General reagent grade of commerce.
Melting point, about 293°; [a]fl, about + 170° (l?Low/v in
chloroform).

G1yoxal Bis(2-hydroxyanil) Bis(2-hydroxyphenylimino)-
ethane; C,,HIZNIOZ = 240.3
General reagent grade of commerce.
Melting point, about 200D.

Glyoxal Sodium Bistdphite
(HOCH”SOJJa),,H,O = 284.2
General reagent grade of commerce.
A white or cream powder.

Gonadotrophin, Chorionic
General reagent grade of commerce.
A white or almost white, amorphous powder.

Gonadotrophin, Serum
General reagent grade of commerce.
A white or pale grey, amorphous powder,

Green S CI 44090; E 142; I&mine green;acidbrfiljan[
green BS
Indicator grade of commerce.

Guaiacol o-Metboxyphenol; CH,O”C,H,-OH = 124.1
General reagenr grade of commerce.
Colourless or pale yellow or pink crystals with an aromatic
odour; melting point, about 28°.

Guaiacol Solution A 5~0 WIVsolution of guaiacol in
ethanol (96%).
Guaiacol Solution should bt protected from light.

Guaiacum Resin Resin obtained from the heartwood of

GuaiacumoffzcinaleL. 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 filter.

Guaiazulene 1,4-Dimethyl-7-isopropyl~uIene; >H,s =
198.3
General reagent grade of commerce.
Dark blue crystals or a blue liquid; melting point, about
2!7.
Guaiaztdene should be protected from light and air.

Guanine 2-Amirsopurin-6-one; C,H,N,O = 151.1
General reagent grade of commerce.

Heavy Metals Masking Solution To 2.0 ml of ,?M
ammonia add, in the following order, 1.5 ml of a 5°/0w/v
solution of ammonium oxalate, 15 ml of a 50/0wk solution
of potassium cyanide, 45 ml of a 100/0w/v solution of
sodium acetate, 120 ml of a 500/0wk solutionofsodium
lhiosulphale, 75 ml of a 10% wtv solution of sodium acelate
and 35 ml of 1M hydrochlm”c acid.
Heavy Metals Masking Solution should be prepared
immediately before use.



600 Expectorants

PREPARATIONS IThe main constituent is o-methoxyphenol. CHJO.C~H..OH = 124 t?.

Euphorhia Liquid Extract (B.P.C. 1949). Ext. Euphorb. Liq. I in I: Wt pcr ml (liquid) Ibout 1,12 g: m.p, (crystals) about 28” Ittends ._

prepared by percolation with alcohol (45;~), Dose: 0.12 to 0.3ml. become yellowish on exposure to light.

?vliat.Euphorb. Co. (N. F. 1939). Euphorbialiquid extract O.6 ml, potassium
“d

SoIu,ble Iin 80 of water; misciblewith alcohol. chloroform. ether, gta&+

iodide 450 mg, sodium bromide 450 mg, glyceryl trinitrate solution acetic ocld. mrd fixed ~nd ,volatde OIIS: soluble 1.m I of glycerol but’

0.06 ml, ethereal lobelia tincture 0.4 ml, water to 15 ml. Dose 15 ml. separa[es out on the addition of water. Ineompatlble with ferric SSILS.i

AMSNDED FORMULA. E!iphorbia liquid ex!ract 0.5 ml, potassium iodide
Protect from light.

450 mg, sodium bromide 450 mg. glyceryi trinitrzate solution 0,05 ml. {Guaiztcol has disinfectant properties similar to fhose of creosote. It &

F

ethereal lobelia tincture 0.4 ml. water to 10 ml. —Compertdiam OJ PCZSI
en usedas an expectorant. To.ric ej~ecfs: as for Phenol, p. 529.DOMg

Formulae /9.33 ro 1966. London. The National Pharmaceutical Union. 0.3 to 0.6 ml.
T @v& / :a~~

1969

I

.. . .

NOTE.Euphorbium (B. P.C. 1934. Ne!h.P., Nerd. P., Port. P., Spun. P..
Swim P.) is the dried latex from Ihe stem of Euphorbia fesirt~~era. It is
emetic and powerfully purgative but it is not used ittterndly on
account of its violent action and its tendency to cause ~cute nephritis.
Thepowder is violently sternutatory. Externally, it acts as a veslc~rtt and
was used for this purpose in veterinary medicine.

Garfic (B.P.C. 1949. Span. P,). Allium: Ail

The fresh bulb of ,4/fium sarirum (Liliaceae). It has a very strong

mrd disagreeable odour and a strongly pungent and Pcrsisrent taste. It
yields 0.1 to 0.3~ of a volatile oil conmimng allyl propyl disulphide
and diailyl disulphide. Stored in a cool dry place with free access of air
it may be kept for about 6 months after harvesting.
Garlic has expectorant. diaphoret ic. disinfectant, and diuret ic properties.
and [he juice was formerly used alone or in a syrup in [he treatment
of pulmonaty conditions. Precarctiorrs.’ administration of preparations of
garlic to children is dangerous and fatalities have been recorded. Dose: 2
to 8 g.
The Iarvicidal principles of garlic active against the Cu/ex mosquito
were found to be diallyl di- isnd trisulphidcs, Natural and synthetic
samples proved fatal at 5 ppm. —.s. 1’. Amonkar and A. Banerji.
.Scit-rsce.Wads., 1971.174, 1343.
A report of allergic contact dermatitis to garlic.—E. Bleumink e( al., Br.
J. Derm., 1972.87.6.
Garlic juice and the extracted essential oil prevented the hyperlipaemio
and blood coagulation changes following fat ingestion in 5 hcdthy
subjects.—A. Bordia and H. C. Bansal (letter), .Lotcei. ii/1973. 1491.

HYPERTENSION. In 5 cons-scutive cases of hypertension, garlic reduced
the blood presmre to satisfactory levels.—V. Srinivasarr(letter), Lmrcel.
ii/1969, 800.

PREPARAllONS

Gartic Juice (RP.C. 1949).Succus A[lii. Bruise garlic80g and express [he
juice; mix the mare with water 20 ml and again express the liquid;
repeat the operation until the volume of the mixed juice and washings
amounts to 80 ml, and add alcohol (907920 ml; allow to stand for 14days.
and decant or tilter. Dose; 2 to 4 ml.

Gartic Symp (B.P. C. 1949). Syr. AlIii. Garlic juice 20 ml, sucrose SOg.
dilu[e acetic acid 20 ml. water 20 ml. Dose: 2 to 8 ml.

Grisrdelia (f?.PC. 1949). Grindelia Robusta: Gum Plant; Gumweed;
-Tar Weed.

Foreign Pkwrracopaeias: In Span. 1ssBelg. and Braz. which allow also
the dried leaves and flowering tops of the marsh gumweed, G. karrdis.
and of the curly-cup gumweed, G. squarrosa. in Fr. and Part. which
allow also G. sqrsarrosa.

The dried leaves and floweringtops of the field gumweed, Grinde/iu
canrparum (Composite) containing not less than 20?~ of alcohol
(90’?!J-so[ubleextractive. Store in a cool dry place.
Grindelia has expectormst properties and haa been stated to exert a
spasmolytic elTect. It has been used as a liquid extract in the treatment
of asthma and bronchitis. Large doses sometimes cause renal irritation.
1SSnauseous taste may be masked with chloroform or glycerol.

PREPARATIONS

Grindelia Liquid Extract (B.P.C. 1949). Ext. Grindel. Liq. Grindelia IN g
is exhausted by percolation with alcohol (9W~), the alcohol is removed
by distillation, and the residue is dissolved in water 50 ml to which 10g of
sodium bicarbonate has previously been added; after etTerveacence
has ceased, the solution is adjusted to 100 ml with alcohol (900;) md
filtered. Dose: 0.6 to 1.2 ml.
—

Guaiacol (~149). Gaiacol; Methyl Catechol.
For~ oeias: 1ss Arg., Bra:.. Chil., Fr., It., Mex.. Port..

Roum., SparL, and Swiss. -.——

Aco~ourlcss or almost colorless oily liquid or crystals with a penetrating
aromatic odour and a caustic taste, obtained aa a liquid by fractional
distillation of wood-tar creosote or, usually aa crystals, by synthesis.

Guaiacol Carborsate (B.PC. 1949). Duotal. (CH,O.C~H..O),.CO”l

Foreign Pharmacopoeias: 1n Chi[., Port.. and Span. “4
Guaiacol carbonate is the carbonic ester ofguaiacol. lt is a white, alm~~
odourless. tasteless, crystalline powder. M.p. 83’108
hssuiuble in water: soluble I in 70 of alcohol md I in 20 of ethei,,
readily soluble in chloroform; slightly soluble in glycerol and fixed oils!
It is decomposed by alcoholic potassium hydroxide sohmon and guaiati
separates from the solu[ion on the addition of excess acid. ‘ -2
Guaiacol carbonate has [he actions of grmiacol but is less irritarst._I
liberates guai~col slowly and incompletely in the mtestmes, the Iarg&
part passing through the alimentary tract unchmged. Dose: 0.3 to 1g.!

q
Grsaiphenesin (B.P.C.). Guaiacyl Cl yceryl Ether; Gtraiack
Glycerol Ether; Guaifenesin (U.S.N.F); GlyceryI Guaiacolati
Glycer-ylmsayacolum. 3-(o-Methoxyphenoxy) propane-l,2diol

Foreign Pharmacopoeias In C:. and Roum. Also in 6’.S.N.F. ,’”~~

Dose: 100 to200mg every2 [o4 hours.
@
‘~q

White odourless or almost odourless crystals or crystaflfli
aggregates with a bitter taste. M .p. 8W to 8T.
Soluble I in 33 of water at 20”, 1 in I I of alcohol and~~
chloroform. and I in 200 of ether: soluble 1 in 15 of giycet
with warming, 1 in 15 of propylene glycol, and 1 in 80,,~
sorbitol syrup. A 2°~ solution in water has a pH of 5 to 7L~
is clear and colorless. Aqueous solutions are stable and ,rrt
be sterilisedby autoclaving. Store in airtight contahrer:.,~~:

1Toxic Effects and Precautions.Side-effects are rare wtth”g,,:
phenesin. Gastro-intestinal discomfort and drowsine:s~i~
been reported.

d
,A metaf?oliteof grmiphenes,inwas found to produce an ap~
uscreasem urinary 5-hydroxymdoleaceticacid. and guaiphenesincot
thus interfere with tbe diagnosis of the carcinoid syndrome, Asthr&
patients being evaluated for the carcinoid syndrome should thes’e
discontinue any preparation containing guaipbenesin for 24 hours~
the collection of urine specimens for the determination of 5-hydr’m

&
indoleacetic acid. Acetanilide. mephenesin. and methocarbamol had
reported tocause similar false positive reactions, and hexarnine, . ,
delate and some phenothiazine derivatives to cause f
reactiotrs.-A, T. Pedersen e( al,. J. Am. mrd. Ass,, 1970, 211, ‘f!!
See also P, D. Reeme, Hosp. Formul. Mgmt, 1970, S, 15. per Int. p@
..4bstr.. 1973, IO, 26. X

r.-
Hypouricaemia(serum-urateconcentrationsof lessthan 20f.sgP-m
6 patients could have been due to guaiphenesin. Therapeutic d
3 days reduced serum urare by up to 30 pg per ml in 4 patienta.~
Ramsdell and W. N. Kelley, Ann. inrern, Mea’., 1973, 78, 239. ;’?%

Absorption and Fate. Guaiphenesin is readily absorbed~
the gastro-intestinal tract. It is rapidly metobolised and exert
in theurine.

!“;5
Guaiphenesin was rapidly absorbed from the gastro-inteatin~,.~
blood concentrations of 1.4 pg per ml occurrinc 15 minut~ s
dose of 600 mg in 3 healthy fasting men.
the circulation. having o half-life of I hour, and waj no~ detectablern
blood after 8 hours.–W. R. Maynard and R. B. Bruce. J. phorm~

llre major urinary metabolize of guaiphenesin was identified @
methoxyphenoxy) lactic acid.—W.J. A. Vandenf+euve{ Er al., .f..~
Sci.. 1972.61, 1997.

Uses.Guaiphenesin is reported to reduce the viscosity O@
ciotts sputum and is used as an expectorant in cough lin!
and tablets. :tj
Whets given by mouth or by injection in large doses,”n
phenesin has a relaxant effect on skeletal muscle sire!%
that of mephenesin which it closely resembles structural!
this eflect is not produced by the doses normally employed~~
treatment of couch.
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Fominoben Hydrochloride
F.mmoben Hydrochloride (rffWJM). ,,n
PB.89. Y.Chlom-2-[N-methyl-N-(mofVhohnocarbc&

yl)ammomsthyl]benzandide hydrochloride. “%
Czt H14ClN10j,HCl = 438.4.

CA5 —
“?

/8053-3 I-1 (forn;rroben);Z4600-JK$13(fomim

hydrocfdorde). ~“~F. ,
..q.ti

‘i$

Fominoben hydrochloride is a centrallj’~
cough suppressant (see p. 1059) which is afso~
ed to have respiratory stimulant ProPefies. It ~~ +
en in doses of 160nwtwoorthreefim,adaifyjif’?
mouth; it has also been W’en W SIOWurtravea&
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..l

B&fine Dimechyl Ethec DL-832 (dl-gla.tine phosp~m~

Glaucirw MDL-B32 (dl-glaucme phosphate). OL-l,?.9,~$]

cramechoa-yaporp hine. 8,,.~ J

C211+15N0, = 355.4. ‘- .-a

i

-, ~,>.
~S J.- 563o. I 1.s (dl.gksucirre); 73239-87-9 (dl-g(a -
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.,

“ 4
Glaucine is ~ centrally acting cough SUppr~
(see p. 1059) which has been studied as the
phate. &
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the hydrochloride as a cough suppress@:m,~
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(Papavefaceae). ,:’;~

,$&~
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Guaceusal (rfNN).
: “A.d

Acetytsaliqlic Acid Gua,acol Ester. o-Methoxyphwfl s~~:>A,:
acerate. ., .,;

C, bH,40S = 286.3.

$

,, <t

CAs — 55482-89-8. ..+:
{!.

Guace[isal has been used in respiratory dis:.~
an expectorant (see p. 1059). It has also been ~,
an antipyretic to reduce fever, the more usu~.5
ment of which is dkcussed on p.2. Doses of ~;
have been administered by mouth two to ~~ti
daily. It has also been administered rectal$’.j’~~
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Guaiapate (IZROI.1)
Gaaiapate (USAN, rfNN).

HG-5454. I -{2-~ .(2.o-Mechoxyphenoxyethory)echoxy]e.

thyf)pipendine.

C(8H29N04 = 323.4.

CM – 852-42.6.

Guaiapatehas been used as a cough suppressant. It
isreportedto have central actions.

Guaietolin (12795.v)

@aetolin (rfNN).
-.
biyce@guechol; Glygwxol. 3.(2 -Echoxyphenoxy) propane-

L2-diol.

CIIH1604 = 212.2.

~$ – 63834-83-3.

fhaietolin is an armfogueof guaipirenesin which is
Wd as mtexpectorant (see p. 1059). It has been giv-
m by mouthin doses of 300 to 600 m: (WOto three
ties daily.

Preparations
Mnresof ~parat,o”s~ listed below: detml$ arc given m Parr 3.

bPrieq Prepancions
FE: GuMraraI,

generdty considered a
moreeffectivenonam

p, 1567.

[ JJscr EGH. Doubie.b!
mm of gualmewd In 0

Preparations
Nanes of prepwations a

Proprietary Preparat
Ikd.: Bmmenl.

Guaiphenesi
Gua)phenesin (BAN).

Glyceryl Gualacolate:

Echec Guatacyl Glyce

Guarfenesma; Guaiferw

3-(2 -Merhoxyphenoxy

C, OHI,O. = 198.2.

CAs-93-f4-(,

Pharmocopoems. In A&
Porr., SWISS,and US.
The standards of Ph. E
ties to rhe Conventjor

macopoela, see p,xli,

A while or slighdy gr,
a slight chamcw’isric

BP solubilities are: ,T
cohol and m chlorofo
bili[ies we: soluble I

in chloroform,md i,
glycerol. A t% sohrt,
5ymp has a pH Of~.~

Adverse Effect
Castro-intestinal ~
reported with gua
nausea and vomit

Pharmacokine
Guaiphenesin is:]
tr~ct. h is metabc

Uses and Adrr
Guaiphenesin is ;
tenacious sputum
p. 1059), It has be
to 4(X3mg every -
may be given 10f

dren aged 2 to 6
It has been used ~

lnferdlity. Guaiph,

tiliry in women wI(’
cervical mucus. 1 Tf

mention of this use

1. Check JH. <[ al. [n
cstn. Ferrtf S/<,(1 ;

Respiratory disor
[ionsawcitiible‘eve
in wasm effective
discussedonp.10S<
1.Thomas J. Gu.uph

[!vc. .4USIJ Pharm

Uricosuric actiOI
rum-urate concerru
effect in rhese Dath
ered to be clini&Jl

Quaimesal (lT+g.r)
.

1. Ramsdcll C.M, cf
J Rhcunwcf 1974

u@m5at (dtw+. 2. .V~[heson CE. <I’*

~)-2-(o-Methoxyphencw) .2.methY\. 1,3.benzodloxa”.4. ~ 0“ “rum ““

CIJ+[,OS = 286,3. Preparations
us – 8/674.79.5, Names of preparao(

Officiat Preparati

@imesai is re~fled to have anti-intlommarory, USP 23: Dyphylllr
Guaifcnesm Tablet,

~tipyretic, anaioesic, and mucolytic properties and Guaifenesm and F

~ been given (y mouth in a usual dose of’500 m: ~&f#7&%~#

NO to three tjmes daily as an adjunct in the treat-
in S~rup: Gumfen.

~etrt of acute ~d chronic infections of the resPirO- cap~ule.: ‘f_lwopby
~? tract. [t hzs ~SO ken administered reCti21]Y in Proprietary Pmp

‘PPOSitories, Ausr.; Guafen: .My
cc .Austra!.: Roblt:

hame~al has be” ~eWfled m improve few% cOugh ‘re- Expectormtt. Carm,
~nCY aod inre”~lrY, ~d sputum viscosity ar patlenra wi:h Expectomra Resyl

% Orchronic bmh,tis. 1 However, as sawed in the discus- posyrup exprcror.

- Onrhe managemc”t of cough (See p. 1059) Irruco[ytics ‘e Ncphulon G, Rob,,
Rohttussm; ,S.Aft:

he ‘YoIholt denotesa preparation no longer actively marketed
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~ /ff.P.C. /949). SUCCUS AlIii. Bruise garlic

cxpr~s the JUICC: MIX. the mare with water
I again exPr~ the Il,quld; re~t the operation

volume of !he mjxcd juice and washings

, and add alcohol (90%) 20 ml; allow
& ~r8~4m~ays, and dcca nt or filter. Dose. 2 to

~:
.-Pp (B.f’.c. 1949). Syr. AlIii. Garlic juice

* #r ~ 80 g, acetic acid (6 per cent) 20 ml,
~a ml, Dose. 2 to 8 ml.

*’

~ (B,P.C. 1949). Gum Plant: Gumwecd Tar

i
. -Ias, In Be/g. and Fr. which alao allow G.

,, G. robus:a. and G. $quarrosa. Span. and Port.
,, G, robu~la: pOrf. al$O allows G. $~WrOSU.

‘+j I~vca and flowering tops of Grindelia campo-
.~itae) containing not leas than 20% of alco-

~)-wlublc cxtractive. Store in a cool dry place.

~ has expectorant properties and has been stated
.- a spasmolytlc effect. It has been used as a

,~,ra:~ or a tincture in the, (reatment of asthma
%mhltls. Large doses somctlmca cause renal dis-

S. Its nauacous taste may bs masked with chlo-
a glycerol.

Itiam

_ia Liquid Extinct (B.P.C. J949). fit. GrindeL
~“m~elia 100 g is exhausted by percolation with

,,J%), the alcohol is removed by distillation,
_s residue is disaolvcd in water 50 ml to which
:Ofaodium bicarbonate has previously been added;
~crvescencs has ceased. the solution is adjusted to

-- with alcohol (9(t~o) and filtered. Dose. 0.6 to

Z’&~:.

wtd(B.P.C. /949). Ga’iacol; Methyl Catechol.

-90-05-/ (2-met/roxypheno/).
F

rsocopoeias. In Arg., Fr., II., Me%.. Port.. Roum..
mrd Swiss. ~

urkas or almost colourlesa oily liquid or crystals
ha pmetrating aromatic odour and a caustic taste.

aedas a liquid by fractional distillation of wood-lar
!teor, usually as crystals, by synthesis.

8 main constituent is 2-methoxyphcnol,
,1.C&H4.0H - 124.1. Wt per ml (liquid) about

Dg m.p. (crystals) about 28a. It tends to become
si.shon exposure to light.
la I in 80 of wate~ miscible with alcohol, chloro.

aher, glacial acetic acid, and tixed and volatile
QSoluble1 in I of glycerol but wparates out on Ihe

km of water, [compatible with ferric salts,
her, memhoi, a“d chloral hydrate. Protect from

ad has disinfe~ta”t pmpcrtkasimilar to th~e Of
ote. It has ken US~ w an expectorant in doses of

I to 13,6ml, Adver~ ~ff~t~ a~~ similar to those, of

W p.571

-r. .

i]i<

-Col carbonate(B.p, C, /949), Duobl. Bis(2.met-

‘ phenyi) carbonate.
‘H@@4.0)2.CO=274 .3.

@ - 553-I 7.3.

~atopoeiax. Inpor{, and Span.

wuml carbonate is the carbonic ester of guaiacoi. [t
● I white, almost cdourless, tasteless, crystalline
- &. M.P, g3° to SSO. practically insoluble in water:

~e I in 70 of ~lcohol a“d I in 20 of ethcfi readily
he in chloroform slightly soluble in glycerOl and
d oils, [t is dec~m~~ed by alcoholic PJlassium
mxide solution ~“d g“aiaml separates from the sOIW

i ~ On Ihe addjtio” of excess acid.

‘?WI Carbonate has
Irrihm It has been

I ‘tm guaiacol slowly

the actions of guaiacol but is
used in dosesof 0.3 to I g. It
and incompletely in the intes-

tines, the larger part psaaing through the alimentary
tract unchanged.

2018-k

Cuaiphenesin (BP.), Guaiacyl Glyceryl Ethec
Guaiacol Glycerol Ether; Guaifertcain (fJ.S.P.);
GlycerYlGuaiacolate: Glycerylguayacolum; Guaj-
acolum Glycerolatum. 3-(2-
Methoxyphenoxy) propane- 1.2-diol.
CIOH1404= 198.2.
CAS — 93-14-1.

Pharmacopoeia. In Ausf.. Br., Cz.. Roursr.. and US.
White or slightly grey crystals or crystalline
aggregates,Odourle= 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 1 in 33 of water at 20°, 1 in 11 of
alcohol and of chloroform, and 1 in 100 of ethe~
soluble I in 15 of glycerol with warming. 1 in 15
of propylene glycol, and I in 80 of sorbitol syrup.
A 2% solution in water has a pH of 5 to 7.
Aqueous solutions are stable and may bc steti-
Iised by autoclaving. Store in airtight containers.

Adverse Effects anal precautions. Castro-intestinal
discomfort and drowsiness have been reported.
Very large doses cause nausea and vomiting.
A mctabolite of guaiphrmesin was found to produce an

aPParen\ incrm,w in urinary S-hydroxyindoleacetic acid,
and gualphencs!n could thus interfere with the diagnw.is
of [he carcinoid syndrome. Patients bsing evaluated for
the carcinoid syndrome should therefore discontinue any
preparation containing guaiphertcain for 24 hours tcfore
the collection of urine speeimens for the determination
of S-hydroxy indoicacetic acid. Acetarrilide, mcphencsin,
and me:hocsrbamol had been reprted to cauae similar
fake positive reactions, and hexamine mandelate and
aomc phenothiafine derivatives to came Falas negative
reactions.— A. T. Pcderaen et a!.. J. Am. med. ,4.ss..
1970, 211, 1184. see alw P. D. Rmme, Hosp. Formral.
Ugmt, 1970, S. 15, per Irri. pharm. Abstr., 1913, 10.
26.
Hypouricaemia (serum-urate corrcentmlions of Iesr than
20 Kg per ml) in 6 patients could have been due to
guaiphcnesin. Therapcrrtic doses for 3 days rsduccd
cerram urate by up to 30 ~g

r
r mI in 4 patients.— C.

M. Ramsdell and W. N. elley, Ann, imern. Med..
1973, 78.239.

Absorption and Fate. Guaiphen=in is readily
absorbed from the gastro-intestinal tract. It is
rapidly metabolised and excreted in the urine.
Guaiphencsin was rapidly absorbed from the gast~
intestinal tract. blood mncentrstions of 1.4 pg per ml
occurring 15 minutes after a dose of 600 mg in 3
healthy fasting men. lt was rapidly eliminated from the
circulation, having a half-life of 1 hour, and was not
detectable in tbe blood after 8 hours.— W. R.Maynard
and R. B. Bruce, J. plrartrr. Sci.. t 970, 59, 1346.

The major urinary metabolize of guaiphenesin was
indentificd as &(2-methoxyphenoxy )lactic acid.— W. J.
A. VandenHeuvel et al., J. pharm. Sci.. t972, 6/. 1997.

Uses. Guaiphenesin is reported to reduce the
viscosity of tenacious sputum and is used as an
expectorant. It 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 mephencain
which it closely resembles structurally, but this
effect ia not produced by the doacs normally
employed in the treatment of cough.

Guaipbencsin 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 I I patients with chronic bronchitis.— S. R.
Hirsch et al., Chesr, 1973, 63, 9.

From a study in 239 patients it was reported that guai-
phencsin rcduccd cough frequency and intensity in
patients with dry or productive cough. and helped tO
thin sputum, when compared to pkebu- R. E. Robin-
son et al.. Robins. Curr. ther. Res.. 1977, 22. 284.

A report of a double-blind crossover study in 19 patients
wilh chronic bronchitis showed that guaipbenmin was

Cocillana/Guaiphenesin 689

not significantly better that a placebo in aiding clear-
ance of accretion from the lungs. — D, B. Ycstca et al.,
Am. Rev. resp. Dis.. 1977, 115, Suppl. 4. lg2.

E~Jects orr bfood. A dose of 200 mg of guaipheneain was
found to prolong the activated-plasma clotting time in
22 healthy volunteers. The aamc dose, given to 12
healthy volunteers, was found to reduce platelet adhe-
siveness significantly.— R. D. Eastham and E. P. Grif-
fiths, Lace:, 1966, 1, 795.

Guaiphertcsin 200 mg given as a single dose to 5 healthy
subjccta was associated with trsnsient abnormality in
platelet aggregation patterns determined I hour after
ingestion, showing some inhibition of secondary aggrega-
tion but 1sss marked than that observed in other sub-
jects given chlorpromazine or aspirin. Mean bleeding
times as determined by a modified fvy techmque were
prolonged by single doses of aspirin but were not
affcctcd by guaiphencain: thricedaiIy dosss of indome-
thacin given for 3 days mused some prolongation.— G.
3?. Buchanan e! al., Am. J. clin. Pa{h.. 1977, 68, 355.

Preparations
CuaifenssiarCapsul= (U.S.P.). Capsules containing guai-
pheraesin. Store in airtight containers.

Crraifesreain Syrrrp (U.S.P.). A syrup containing guai-
phencain and alcohol 3 to 4%. pH 2.3 to 3. Store in
airtight containers.

Guaifmaairr Tabteta (U.S.P.). Tablets containing guai-
phenesin. Store in airtight contsinera.
Gaaiphenwin Linctuses. (1) f.zmon-jkwoured. Guai-
phenesin 2 g, glycerol 10 ml, chloroform spirit 10 ml.
menthol 10 mg, urmpmmd rartrazine solution 0.2 ml,
water 10 ml, modified lemon syrup to 100 ml.

(2) To/u-J7awured. Guaipheneain 2 g. glycerol 10 mL
chloroform spirit 10 ml, menthol 10 mg, amaranth solu-
tion 1 ml, toiu aohrtion 10ml, invert syrup 20 ml. syrup
to 100ml.
dfrrdijied lemon syrup wntaina lemon spirit 0.5 ml,
citric acid monohydratc 2.5g, inven syrup 20 ml. sYruP
to 100 ml.

Both Iemon-flavourcd and tolu-ftavoured guaiphencain
linctuses remained stable for 6 months when stored at
tcmpcratursa from -S” to 37”.— Pharm. Sot. Lab.

Rep. No. P/65/21, 1965. see ako G, Smith, Pharm. J.,
1966, 1, 165.

Proprietary Preparations
Dimotam Expectorant (Robins, UK). Contains in each
$ ml gusiphcncsin 100mg, brompherriraminc mal~le
2 mg. phenylephrinc hydrochloride S mg. and phw+
propanolamine hydrochloride 5 mg (suggested diluent,
syrup). Dimotarra Expsetorant DC contains in addition
hydrocodonetartrate 1.8 mg in each 5 ml. Dose. 5 to
10 ml four times dsily children, I to 3 Ymm, I tO
2.5 ml; 3 to 6 years, 2.5 to 5 ml; 6 to 12 years, 5 ml.

Dimotme with Codeine (Robirw UK). Contains in each
5 ml guaiphencsin 100 mg, ~eine phosphate 10 mS,
bromphrmiramine malcate 2 mg, phcnylephrine bydrc-
chloridc 5 mg, and phcnylpropanolamine hydrmhloride
5 mg (suggested diluent. syrup). For cough. Dose. 5 to
10ml four times daily.
Dinaota~ with Codeins Padlatic (Robins. UK). Con-
tains in each 5 ml guaiphencsin 50 mg. codeine phoa~
hate 3 mg, bromphcniraminc malcate 1 mg, pbenyi-
cphrine hydrochloride 2.5 mg, and phenylpropanolamine
hydrochloride 2.5 mg (suggesteddilucn[, syrup). Dose. 3
to 6 years, 5 ml four times daily 6 to 12 years, 5 to
10ml.
Exyptrear (Normn, UK: Vesmic, UK). An elixir contain-
ing in esch 5 ml guaiphencsin gO mg. brompheniramine
malcatc 2 mg, phenylephrinc hydrochloride 4.75 mg, and
phenylpropcnolamine hydrochloride 5 mg. For cough.
Dose. 5 to 10 ml four times dsily; children, 2.5 to 5 ml
three or four times daily.
Noradmn Bronchial Syrup (fVomr~, UK: Faribr. UK).
Contains in each 5 ml guaiphenestn 25 mg, diphenhyd-
raminc hydrwshloride 5 mg, diprophylline 50 mg, and
ephedrine. hydrochloride 7.5 mg. Dose. 10 ml every 4
hourx chddren over 5 years, 5 ml.

Pbolcomcd 12xpcctorant (formerly known as Pulmodrine
Expectorant) (Medo Chemicak, UK). Contains in tich
5 ml guaiphencain 62.5 mg and methylcphedrine hydrm
chloride 625 .ug. Dose. 10 to 20 ml thrice dally; children,
2.5 to 5 ml.

RobWsain (Robins. UK). An expectorant mixture con-
taining in each 5 ml guaiphencsin TOOmg (suggested
diluent, syrup). (AIw available as Robttussin in

Austral.. Canad., Ital.).
Rohituaain AC (Robins UK). Contains in each 5 ml
grraiphencsin 100 mg. codeine ph~phate 10 mg. and
pheniramine maleate 7.5 mg (suggested diluent, syrup).
For coughs. Dose. 5 to 10 ml four times daily; children,
6 to 12 years, 5 ml.

,,
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A. INGRE DIENT NAME;

RAZINESULFAT~

B. Chemical Name:

Hydraz.inium Sulfate, Hydrazonium Sulfate

C. Common Name:

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

(Specification@ (Results)
Assay: 99.0% min. 99.3%

_.-. E. Information about how the ingredient is supplied:

White Crystalline Powder

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

USP 23, Indian Pharmacopoeia3ti Ed.

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

Gold, J. Use of Hydrazine Sulfate in terminal and Preterminal Cancer patients: results of
investigational new drug (lND) study in 84 valuable patients. Oncology. 1975; 32(l): 1-
10

Chlebowski, R. T., Bulcavage, L., and Grosvenor, M. Hydrazine Sulfate in Cancer
patients with weight loss. A placebo-controlled clinical experience. Cancer. 1987; 59(3):
406-410.

Bairam, A. Theophylline versus caffeine: comparative effects in treatment of idiopathic-
apnea in the preterm infant. J Pediatr. 1987; 110:636.
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Eisenberg, M, G. and Kang, N. Stability of titrated ctieine solutions for injectable and
external use. Am. J Hosp. Pharm. 1984;41 :2405.

H. Information about dosage forms used:

I. Information about strength:

60m& 3 times/d

J. Information about route of administration:

Orally

K Stability data:

Melts at about 254°
Oxidizing Agents
Bases

L. Formulations:

M. Miscellaneous Information:

-
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CERTIFICATE OF ANALYSIS
-----------------------

PRODU~ : HYDUIHE SULFATE REM=
RELEJWE #: N

wT# :L609141

SPECIFICUIONS
---------.—--

,/

1.

2.

3.

4.

5.

6.

7.

8.

DESCRIPTION --
Identif f cation

Residue on Ignfti on

Insoltile metter

Ass
.

Heavy Metals

CM oric?g

Iron

().05% max.

o. 005% m-=

,99.0* min.

0.002% ma%.

o .005% max.

0.001% max.

GIUDE: ‘A. C.S.
CODE: G61024

RESWLT
------

CONFORMS

passes test

0.0025%

99.3% /0
t
< 0.001%

0.002%

< 0.0003%

ATTENTION: TONY HATCHETZ’

Date :04/09/97 Prepared by : A. E==

10690 Approved by :

.—.—.–—- — —... —.— ..—— _.— ——.. .. .
.-

.-----

- ,,

.,
—“. - ----— ...



—— QUALIW CONTROL REPORT

CHEMICAL NAME . :HYDIV.ZINE SULFATE A. C. So R~GENT

MANUFACTURELOT NO. :609141

PHYSICAL TEST

SPECIFICATION TEST STANDARD ,:USP /BP_/MERCK_/NF_/MART._/cO” ‘pEcs-—-—

l)DESCRIPTION .:
WHITE TO ORTHORHOMBICCRYSTALS.GLASS-LIKE PLATES OR PRISMS.

2)SOLUSILITY. :
SOLUBLE IN ABOUT 33 PARTS OF COLD WATER;FREELY SOLUBLE IN HOT
WATER.INSOLUBLE IN ALCOHOL.

--- 3)MELTING POINT.:
MELTS AT ABOUT 254 degree. K

4)SPECIFIC GRAWTY. :

5)IDENTIFICATION .:
A)A SOLUTION RESPONDS TO THE TESTS FOR SULFATE.

PASSES. :

COMMENTS. :

ANALYST SIGNATURE. :

FAILS .:

DATE .:

PREPACK TEST.: DATE. : INITIAL. :

RETEST .: DATE. : INITIAL. :

--
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Hydrazine Sulfate

*** * ~TER~L sAFE~ DATA s~ET * * * *

Hydrazine Sulfate
I 1070

++* * SECTION 1 - cH~Ic~ PRODUCT ~ coMp~ IDE~IFIcATIoN ****

MSDS Name: Hydrazine Sulfate
Catalog Numbers:

H320 500, H320-500, H320500

~ Synonyms:
Diamine Sulfate; Hydrazine Monosulfate;

Company Identification: Fisher Scientific
1 Reagent Lane
Fairlawn, NJ O741O

For information, call: 201-796-7100
Emergency Number: 201-796-7100
For CHEMTREC assistance, call: 800-424-9300
For International CHEMTREC assistance, call:

Hydrazinium Sulfate.

703-527-3887

**** SECTION 2 _ COMPOSITION, INFo~TIoN ON ING~DIENTs ****

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

I cAs# I Chemical Name I % I EINECS# I

l---------------- l -------------------------------------- l---------- l-----------l
10034-93-2 IHYDRAZINE SULFATE >99 ] 233-110-4 I

+----------------+--------------------------------------+----------+-----------+
Hazard Symbols: T
Risk Phrases: 23/24/25 43 45

**** SECTION 3 _ ~Z~DS lDENTIF1~TION ****

EMERGENCY OVERVIEW
Appearance: white.
Danger! Corrosive. Carcinogen. May be harmful if swallowed.
Sensitizer. May cause lung damage. May cause severe eye irritation
and possible injury. May cause liver and kidney damage. May cause
severe skin irritation and possible burns. May cause severe
respiratory and digestive tract irritation with possible burns. May
cause cancer based on animal studies. Material is shock sensitive and
potentially explosive.
Target Organs: Blood, kidneys, central nervous system, liver.

--—T

Potential Health Effects
Fye:

Contact with eyes may cause severe irritation, and possible eye
burns. May cause eye injury.

Skin:
May cause skin sensitization, an allergic reaction, which becomes
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.—=
evident upon re-exposure to this material. May cause severe skin
irritation with possible burns, especially if skin is wet or moist.

Ingestion:
May cause liver and kidney damage. May cause severe digestive tract
irritation with abdominal pain, nausea, vomiting and diarrhea. May
cause corrosion and permanent tissue destruction of the esophagus and
digestive tract. Exposure may cause anemia and other blood
abnormalities . May be harmful if swallowed.

Inhalation:
Irritation may lead to chemical pneumonitis and pulmonary edema. May
cause liver and kidney damage. May cause severe irritation of the
upper respiratory tract with pain, burns, and inflammation. May cause
effects similar to those described for ingestion.

Chronic:
Prolonged or repeated skin contact may cause sensitization
dermatitis and possible destruction and/or ulceration. May cause
liver and kidney damage. May cause cancer according to animal
studies. May cause digestive tract disturbances.

**** SECTION 4 - FIRsT AID M~SUREs ****

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

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

Ingestion:
Do NOT induce vomiting. If victim is conscious and alert, give 2-4
cupfuls of milk or water. Get medical aid immediately.

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

Notes to Physician:
Treat symptomatically and supportively.

Antidote:
No specific antidote

**+* SECTION

General Information:
As in any fire, wear

exists .

5 - FIRE FIGHTING MEASURES

a self-contained breathing

****

apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. Dusts at sufficient concentrations can form
explosive mixtures with air. Combustion generates toxic fumes.
Material is shock sensitive and potentially explosive. Greatly
increases the burning rate of combustible materials. Violently
decomposes when heated under confinement.

Extinguishing Media:
For small fires, use water spray, dry chemical, carbon dioxide or
chemical foam.

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

Upper: Not available.

**+* SECTION 6 _ ACCIDENT= REL~E ~lJRES ****

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

Spills/Leaks:
Sweep up, then place into a suitable container for disposal. Avoid
generating dusty conditions.

**** SECTION ~ – ~LING and sTORAGE ***+

Handling:
Wash thoroughly after handling. Remove contaminated clothing and
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wash before reuse. Use with adequate ventilation. Minimize dust
generation and accumulation. May form flammable dust-air mixtures.
Loosen closure cautiously before opening. Do not get on skin and
clothing. Empty containers retain product residue, (liquid and[or
vapor) , and can be dangerous. Do not ingest or inhale. Avoid
mechanical shock and fr~ction. Do not pressurize, cut, weld, braze,
solder, drill, grind, or expose empty containers to heat, sparks or
open flames.

Storage:
Keep away from heat, sparks, and flame. Do not store near
combustible materials. Store in a tightly closed container. Store in
a cool, dry, well-ventilated area away from incompatible substances.

**** SECTION 8 _ EXPOSURECONTROLS, pERs(3N~ PROTECTION ****

Engineering Controls:
Use process enclosure, local exhaust ventilation, or other
engineering controls to control airborne levels.

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

I Chemical Name I ACGIH I NIOSH IOSHA - Final PELsI

l-------------------- l------------------- l------------------- l----------------- I
I HYDP.AZINE SULFATE Inone listed Inone listed Inone listed
+--------------------+-------------------+-------------------+-----------------+

OSHA Vacated PELs:
HYDRAZINE SULFATE:
No OSHA Vacated PELs are listed for this chemical.

Personal Protective Equipment

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

Skin:
Wear appropriate protective gloves to prevent skin
exposure.

Clothing:
Wear appropriate protective clothing to prevent skin
exposure.

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

**** SECTION 9 _ pHYCJIC~ ~ CHFJ+fIC~ properties ****

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

Solid
white
None reported.
1.3 (0.2M solution)
Negligible.
Not applicable.
Negligible.
Not available.
Not available.
489 deg F
Not available.
Soluble in water.
1.4 (water=l)
H4N2.H2S04
130.12

**** SECTION 10 - CJ’TABILITY AND P,EACTITJITY****

Chemical Stability:
Stable under normal temperatures and pressures. Substance is shock
sensitive and thermally unstable.

Conditions to Avoid:
Mechanical shock, incompatible materials, temperatures above 160aC.
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Incompatibilities with Other Materials:

E’
xidizinq aqents, combustible materials, sodium amide.

azardous Decomposition Products:
Nitrogen oxides, carbon monoxide, oxides of sulfur, carbon dioxide.

Hazardous Polymerization: Has not been reported.

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

RTECS#:
CAS# 10034-93-2: MV9625000

LD50/Lc50:
CAS# 10034-93-2: Oral, mouse: LD50 = 74o mg/kg; Oral, rat: LD50 =
601 mg/kg.

Carcinogenicity:
HYDPJ+ZINE SULFATE -

California: carcinogen
NTP: Suspect carcinogen

OSHA: Possible Select carcinogen
Epidemiology:

Oral and intraperitoneal administration of hydrazine salts t
o animals have produced lung and liver carcinomas.

Teratogenicity:
No information available.

Reproductive Effects:
No information available.

Neurotoxicity:
No information available.

Mutagenicity:
Please refer to RTECS# MV9625000 for SPecifiC information.

Other Studies:
Skin irritation, guinea pig: slight. Eye irritation, rabbit:

severe.

**+* SECTION 12 . ECOLOGIC~ 1NFORMATION ****

Ecotoxicity:
No information available.

Environmental Fate:
No information reported.

Physical/Chemical:
No information available.

Other:
None.

**+* SECTION 13 - DISpOSAL cONsIDE~TIONS ● ***

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

+*** sEcTION 14 - T~SpORT INFO~TION ****

US DOT

IMO

IATA

Shipping Name:

Hazard Class:
UN Number:

Packing Group:

No information

No information
RID/ADR

No information
Canadian TDG

Shipping Name:
Hazard Class:

UN Number:

CORROSIVE SOLID,ACIDIC, INORG~IC, N.O.S.
(HYDRAZINE SULFATE)
8
UN3260
II

available.

available.

available.

CORROSIVE SOLIDS NOS (HYDRAZINE SULFATE)
8(9.2)
UN1759

Page40f6
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*+** SECTION 15 . REGULATORY INFO~TIc)N ****

..-=
US FEDERAL

TSCA
CAS# 10034 -93-2 is listed on the TSCA inventory.

Health & Safety Reporting List
None of the chemicals are on the Health L Safety Reporting List.

Chemical Test Rules
None of the chemicals in this product are under a Chemical Test Rule.

Section 12b
None of the chemicals are listed under TSCA Section 12b.

TSCA Significant New Use Rule
None of the chemicals in this material have a SNUR under TSCA.

SARA
Section 302 (RQ)

None of the chemicals in this material have an RQ.
Section 302 (TPQ)

None of the chemicals in this product have a TPQ.
SARA Codes

CAS # 10034-93-2: acute, chronic, reactive.
Section 313

This material contains HYDRAZINE SULFATE (CAS# 10034-93-2,
>99%) ,which is subject to the reporting requirements of Section 313
of SARA Title III and 40 CFR Part 373.

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

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

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

.--=. .

STATE -
HYDRAZINE SULFATE can be found on the following state right to know
lists: New Jersey, Florida, Pennsylvania, Mi~esota/ Massachusetts.
The following statement(s) is(are) made in order to comply with
the California Safe Drinking Water Act:
WARNING: This product contains HYDRAZINE SULFATE, a chemical known to
the state of California to cause cancer.
California No Significant Risk Level:
CAS# 10034-93-2: no significant risk level = 0.2 ug/day

European/International Regulations
European Labeling in Accordance with EC Directives

Hazard Symbols: T
Risk Phrases:

R 23/24/25 Toxic by inhalation, in contact with skin

and if swallowed.
R 43 May cause sensitization by skin contact.
R 45 May cause cancer.

Safety Phrases:
s 44 If you feel unwell, seek medical advice (show

the label where possible) .
S 53 Avoid exposure - obtain special instructions
before use.

WGK (Water Danger/Protection)
CAS# 10034-93-2:

Canada
CAS# 10034-93-2 is listed on Canada’s DSL/NDSL List.
This product has a WHMIS classification of D2A, E.
CAS# 10034-93-2 is not listed on Canada’s Ingredient Disclosure List.

Exposure Limits

*+*+ SECTION 16 . ADDITIONAL INFORMATION ****

MSDS Creation Date: 9/22/1995 Revision #3 Date: 9/02/1997
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The information above is believed to be accuxate and represents the best
information currently available to us. However, we make no warranty of
merchantability or any other wa~ranty, 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.

________________________________________________________________________________

Page 6 of6



2016 ReagentSpecifications / Reagents

Spectral purify—Measure in a 1-cm cell at 300 nm, with a
suitablespectrophotometer,againstairastheblank:itsabsorb-
ance is not more than 0.08.

Hexanes (suitablefor use in ultraviolet Spectrouhotometrv);
—,< - usually a mixture of several isomersof hexane (C6H14), predomi-

nantly n-hexane, and methylcyclopentane (C6H ,2)-Use ACS
reagentgrade.

Hexanitrodiphenylamine (~ipicrylamine), C, *H5N70 12—
439.21—Yellow-gold powder or prisms. Explosive. Usually con-
tains about 15% of water as a safety precaution. insoluble in
water, in alcohol, in acetone, and in ether, soluble in glacial acetic
acid and in alkalies.

Water, Method I (921): notmore than 16?6.

Hexanophenone,C12H160—176.2&-Yellow liquid.
Assay—Injectan appropriatespecimen intoa suitablegas

chromatography(seeChromatography (62 1)) equipped with a
flame-ionization detector, helium being used as the carrier gas.
The followingconditionshave been found suitable: a 30-m X
0,25-mm capillary column coated with a I-~m layer of phase G3;
the injection port temperature is maintained at 280°; the detector
temperature is maintained at 300°; the column temperature is
maintained at 180° and programmed to rise 10° per minute to
280°. The area of the C12H160 peak is not less than 98% of the
total peak area.

i Refractive index (83 1): 1.511 t 0.002 at 20°.

\
Hexokinase and Glucose+phosphate Dehydrogenase Suspen-

sion—Use a suitable grade.’
.Suifabiiify-When used in the assay of lactulose, determine

that a suitable absorbance-versus+oncentration slope is obtained,
using USP Lactulose RS, the reagent blank absorbance being
not more than 0.020.

Histamine Dlhydrochloride,C5H9Nj. 2HC1—184.07—Use USP
Histamine Dihydrochloride RS.

Hydrazine Hydrate, 85% in Water, (NH2)2 ~H20--50.06--
Colorless liquid.

Assay—Transfer 600 mg, accurately weighed, to a 100-mL
- volumetric flask. Dilute with water to volume, and mix. Pipet

10 mL into a suitable beaker, add 1.0 g of sodium bicarbonate
and 50.0 mL of 0.1 N iodine W. Titrate the excess iodine with
0.1 N sodium thiosulfate VS, using starch TS as the indicator.
Perform a blank determination, and make any necessary correc-
tion. Each mL of 0.1 N iodine is equivalent to 12.52 mg of
(NHJ2. H20. Not less than 83’%is found.

. Hydrazine Dihydrochioride, (NH2)2 ~2HCl—104.97—White
powder.

Assay—Dissolve about 34 mg, accurately weighed, in 50 mL
of water. Add carefully while stirring, 1 g of sodium bicarbonate.
[Caution—There mav be a raDid evolution of carbon dioxide.1
Titrate with 0.1 N iodine solufiori, determini~g the endpoint p;
tentiometrically. Perform a blank determination, and make any
necessary corrections. Each mL of 0.1 N iodine solution is equiv-

, alent to 2.63 mg of (NH2)2 ~2HC1. Not less than 98% is found.

Page*--
H drazine Sulfate, (NH2)2 ~H2S04—130.13-Use ACS re-

Hydriodic Acid, HI—127.91—Use ACS reagent grade (con-
taining not less than 47.0’% of HI).

NO_rE-For Methoxy Determination (see (431)), use hy-
driodicacidthatk labeled“for alkoxyl determination,” or that
is purified as directed under .kfethoxy Determination (431). Use
this grade also for alkoxyl determinations in assays in the indi-
vidual monographs.

Hydrochloric Acid, HC1—36.46-Use ACS reagent grade.

Hydrochloric Acid, Diluted (10 percent)—Prepare by mixing
226 mL of hydrochloric acid with sufficient water to make 1000
mL.

Hydrofluoric Acid, HF—20.01—Use ACS reagent grade.
Hydrogen Peroxide, 30 Percent, H20z—34.01—Use ACS re-

–+% agent grade.
Hydrogen Peroxide Solution—Use Hydrogen Peroxide Topi-

cal Solution.

Hydrogen Sulfide, H2S—34.08—CoIorless, poisonous gas,
heavier than air. Soluble in water. Is generated by treating fer-

usP/jj

rous sulfide with di!uted sulfuric or diluted hydrochlor~c acid
Other sulfides yielding hydrogen sulfide with dduted. acids ~1
be used. Is also available in compressed form in cyhnders. ;:

Hydrogen Sulfide Detector Tub*A fuse-sealedglass.tube’a
designed that gas may be passed through It and contammg s~t.
able absorbing filters and support med]a for the md]cator, t~
latter consisting of a suitable lead salt. .,

NOTE—A suitable detector tube that. conforms to the mom
graph specification is available from Natlonai Draeger, Inc., P:O,
Box 120, Pittsburgh, PA 15230-0120 as Reference Number IjT
19001, Measuring Range I to 20 ppm. Tubes having conditiou
other than those specified in the monograph may be used m
accordance with the section entitled Tests and ~ssays in t&
General Notices. i:

Hydroquinone, C6H4(OH)Z—110.11—Fine, coloqless or wl@
needle crystals. Darkens on exposure to aw and hght. SOlIJ~It
in water, in alcohol, and in ether. !.

Assay—Weigh accurately about 250 mg, and dissol~e in’s
mixture of 100 mL of water and 10 mL of 0.1 N sulfurlc acid
in a 250-mL conical flask. Add 3 drops of a 1 in 100 solu&
of diphenylamine in sulfuric acid, and titrate with 0.1 N eerie
sulfate VS until the solution is red-violet in color. Each mu of
0.1 N eerie sulfate is equivalent to 5.506 mg of C6H4(OH)Z. Nrx
less than 99% is found.

Meking range (74 I ): between 172° and 174°. ~>

3’-Hydroxyacetophenone, CBH802—136.15-Light brown
powder chips and chunks. Melts at about 96°. Sparingly soluble
in chloroform, yielding a clear, light yellow solution.

Assay—Inject an appropriate specimen into a suitable &
chromatography (see Chromatography (62 1)) equipped with a
flame-ionization detector, helium being used as the carrier gas
The following conditions have been found suitable: a 0.25-tmn
X 30-m capillary column coated with G I; the detector and the
injection port temperature are maintained at 300°; the column
temperature is maintained at 180° and programmed to rise 10°
per minute to 280° and held at that temperature for IO minutei
The area of the main peak is not less than 97% of the total peak
area. :V

4’-Hydroxyacetophenone, HOC,sH4COCHJ-136.1 M&y
powder, melting at about 109°. ..li~, ,.

p-Hydroxybenzoic Acid, C7HJ31—138.12—White crystals.
Assay—Transfer about 700 mg, accurately weighed, to a suit.

able container, and dissolve in 50 mL of acetone. Add 100 mL
of water, mix, and titrate with 0,5 N sodium hydroxide VS, de
termining the endpoint potentiometrically. Perform a blank de
termination, and make any necessary correction. Each mL of O.\
N sodium hydroxide is equivalent to 69.06 mg of C7H603: “’riot
less than 97% is found. ;.;.,

Melting range (741): over a range of 2° that includes 216”.
4-Hydroxybenzoic Acid Isopropyl Ester, HOC6H4COOCH

(CH2)r180.2&Use a suitable grade.32 ,*
..~$

Melting range (741 ): between 84° and 87°.

l-Hydroxyhenzotriazoie Hydrate, CbHJV30. xH20—135.’1~
(anhydrous)—White crystalline powder. Sparingly soluble in,d
cohol yielding a clear, pale yellow solution. +

2-I-IydroxybenzylAlcohol, C7HB02—124.14—Off-white flakti
Very soluble in alcohol, in chloroform, and in ethe~ soluble,i!
15 parts water and in benzene. .?{

Assay—inject an appropriate specimen into a gas chromato
graph (see Chromatography (62 1)), equipped with a flame-ioff
ization detector, helium being used as the carrier gas. The foi
lowing conditions have been found suitable: a 0.25-mm X 30-It
capillary column coated with a l-gin layer of phase G2; the iss
jection port temperature is maintained at 250°; the detector tem
perature is maintained at 300°; and the column temperature ~
maintained at 150° and programmed to rise 10° per minute tt
280°. The area of the C7H802 peak is not less than 99% of thl
total peak area.

Melting range (741 ): between 83° and 85°. ,.

4-Hydroxyisophthalic Acid, C~H604—182.13—Colorle$
branched needles. Freely soluble in alcohol and in ether.

Mehing range (741): between 314° and 315°, with deco;
position.

-*’
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REAGENTSANDSOLUTIONS

A fraction from petroleum containing about 90 per cent SOLUBtLITY - Miscible with water.
of n-hexane.

w’T.PER ML -1.03 g, Appendix 5.1!3.
DESCRIPTION - COIOUkS, mobile, highly flammable
liquid.

P
ydrazine Sulphate : NH2.NHZ,H$04= 130.12

~—--
DWTL.LATION RANGE - Not less than 95 per cent, distils Contains not less than 99.0 ~r cent of N2H6SOq.
between 67° and 70”, Appendix 5.3.

t=ESCRIPTTON - White. crystalline Dowder.
WT.PER ML - AC 20”, 0.670 [O 0.677 g, Appendix 5.19, 1----

,,< . —.—

NON-VOLATILEMAITER - When evaporatedon awater-bath
anddriedtoconstantweightat105”,leavesnotmore than
0.01percentw/v ofresidue.

Histamine .4ad Phosphate

Of the IndianPharmacopoeia,

Histamine Dihydroddoride : C5HJJj,2HC1 = 184,07

DESCRIPTION - Whi[ecrystallinepowder.

SOLUBIUTY - Freelysoluble in water and in methyl alco-
hol; solubleinalcohol.

WLTING POINT - About 250°, Appendix 5.11.

DL-Histidine Monohydrochloride
NCH N’H.CH:C.CHZ.CH(NHJ. COOH,HC1 = 191.62
‘~
Con[ainsnotlessthan99.0percmt ofC~YN50L.HCl,cal-
odatedwithreference[othesubstancedriedtoconstant
weight ar 105”,

DESCIWTION - White, crystalline powder.

soLuRIm - Soluble in water.

Loss oN tmwrw - Loses not more than 9.0 per cent of its
weight, when dried to constant weight at 105°, Appendix
5.8.

SULPHATEDASH - Not more than 0.1 per cent, Appmdix
3.2.7.

..USAY - CW out the method for the determination of
nitmgmz, Methoci A, Appmdix 3.3.5, using 0.15 g and 7
ml of nitrogen-f~e sulpburic acid. Each ml of 0.1 N SUL

phutic acid is equivalent to 0.00639 g of C&&30z,HC1.

FIokoium Oxi& :Ho20j = 377.86

DESCIUITION - A yellow solid.

soLuBmm! - Practically insoluble in water.

Hol.tnium peL’Ch10~tt3 %lutioll

A 5 per cent W;Vsuk’ion of bolmium o.ti& in 1.4 M
percbiotic acid.

-4??9w=~=Hyb’e‘m2”m2’H20=50”0’r-

DESCRIFTION - Clear, colorless liquid with an ammonia-

L calodour.

SOLtJBILtTY - Freely soluble in water; practically insoluble
in alcohol.

MELTtNG POINT - About 254°, Appendix 5.11.

CHLORIDE -1 g complies with the limit test for chlorides,
Appendix 3,2.2.

IRON -1 g complies with the limit test for iron, Appendix
3.2.5.

.
SL-ATED SH - Not more than 0.05 per cent, Appendix
3,2.7.

ASSAY - Weigh accurately about 0.1 g and dissolve in 20
ml of water. Add 3 g of sodium bicarbonate and titrate
with O.I N iodine, using Starch soiutim as indicator.
Each ml of 0.1,V iodine is equivalent to 0.003253 g of
N2HeS04.

H@iOdiC Add : H1= 127.91

Constant-boiling hydriodic acid contains 5S.Oper cent
wjw of HI (limits, 54.0 to 56.0)

DESCRIPTION - Almost colorless liquid when freshly
made, but rapidly becoming yellow to brown owing to
the liberation of iodine.

VOLUBILITY - Miscibleinallproportionswitfiwater and
with alcohol.

BOILING POI~ - About 127°, Appendix 5.3.

WT. PER ML-At 20°, about 1.7 g, Appendix 5.19.

CHLORtDEANDBROMIDE- To 0.2 ml add 15 ml of waler, 50
mg of sodium sulpbate, 5 ml of dilute ammonia solution
and 20 ml of 0.1 N silvernitrate, shake and filter; to the fil-

. trate add 10 ml of dilute nitn”c acid. The opalescence pro-
duced is not greater than the standard opalescence ob-
tained in the limit test for cblon”des, Appendix 3.2.Z.

SULPHATR- Dilute 1 ml with 50 ml of water and add 1 ml

of barium chloride solution. The turbidityproduced
shouldnotbe greaterthanthestandard opalescence ob-
tained in the lt’mit test for sulpbates, Appendix 3.2.8.

NON-VOLATILE MAITER - When evaporatedon a water-
barh,and driedto constantweightat 105”,leavesnot
more than0.5percentw/w ofresidue.

ASSAY- weigh accuratelyabout0.6g intoa stoppered
flaskcontainingabout10ml ofwater, dilute with 25 ml of
water and titrate the free iodine with O.1,V sodium tbio-

A-189
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PHYSICALTESTSANDDETERM1NATIONS

TABLE2

Size Kinematic Volume Bulb C
No. Viscosity Range (ml)

(Centistokes) (* 5“/0)

1

3

3A

4

4A

5

3.5” to 10

5 to 30

20 to 100

60 to 300

200 {0 1100

600 to 3000

2000 to 10,000
6000 m 30,000

20,000 to 100,000

350 minimum flow time; 200 minimum flow umc for alf ocher sizes

o.(j4

0.84

1.15

1.51

2.06

2.74

3.70

4.97
(576

inside Diameter
of Tube N

(mm)

5.6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

5.6

Inside Diameter
of Tube R

(mm) (f 2VO)

2.8 [0 3.2

2.8 (0 3.2

2.8 [0 3.2

2.8 to 3.2

3.7 to 4.3

4.6 to 5.4

4.6 to 5.4

5.6 tO 6.4

6.8 to -.5

any time while the flow time is being measured, [he deter-
mination must be repeated.

Calculate the kinematic viscosity in centistokes (V)
from the equation:

v= ct.
where

t = time in seconds for the meniscus to fall from
Eto F

C = the constant of the viscometer, determined
by observations on a liquid of known
viscosity.

Method C : (Using the Rotating Viscometer)

The rotating viscometer measures the shearing forces in a
liquid medium placed between two coaxial cylinders one
of which is driven by a motor and the other is caused to
revolve by the rotation of the first.Under these conditions,
the viscosity becomes a measurement of the angle of def-
lection of the cylinder caused to revolve, expressed in
newton metres.

Method– Operate the Rotating Viiometer in accor-
dance with the manufacturer’s instructions and carv
out the determination of viscosity of the liquid being
examined, at the temperature and angular veiociry or
shear rate speafied in the individual monograph.

Calculate the dynamic viscosity (n) in centipoises.

5.19 WEIGHT PER MmULmRE AND SPECIFIC

GRAVITY

Weight per MiJlilitre

The weight per millilitre of a liquid is the weight in g of

I ml of a liquid when weighed in air at 25”, unless
otherwise specified.

Method : Select a thoroughly clean and dry pycnometer.
Calibrate the pycrtometer by filling it with recently boiled
and cooled wafer at 25° and weighing the contents.
Assuming that the weight of 1 ml of water at 25° When
weighed irt air of density 0.0012 g per ml. is 0.9960z g,
calculate the c~pacity of the pycnometer. (Ordinary devia-
tions in the densiry of air from the value given do not affect
the result of a determination significantly). Adjust the
temperature of the substance to be examined, to about W
and fill the pycnometer with it. Adjust the temperature of
the filled pycnometer to 25”, remove any excess of tie
substance and weigh. Subtract the tare weight of the
pycnometer from the filled weight of the pycnometer.
Determine the weight per millilitre by dividing the weight
in air, expressed in g, of the quantiry of liquid which fills
the pycnometer at the specified temperature, by the capa-
city expressed in ml, of the pvcnomerer at the same tempe-
rature.

SpecMc Gmvity

The specific graviry of a liquid is the weight of a given
volume of the liquid at 25” (unless otherwise specified)
compared with the weight of an equal volume of warerat
the same temperature, all weighings being taken in air.

Method : Proceed as described under Wt. per ml. Obtain
the specific gravity of the liquid by dividing the weight of
the liquid contained in the pycnometer by the weight of
water contained, both determinedat25“ unless otherwise
directed’in the individual monograph.
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CAS — 3024:-: i vdra:lrse),. /0034-93-J fsul-

pirale).

F--=ystals. Soluble I in about 33 of water. freely
uble m hoI waler: practically insoluble in alco-

.d A 0.2M soiu[ion in wa~er has a pH of 1.3.

Hydrazine sulpna~e is em ioyed in various indus-
trial processes 1, is us~ in the prepara~ion of
hydrazine hydrate which is applied after a solu-
uon of plattnic chloride for corneal tatmoing (see
Chloropiatinic Acid. p. 1693).
An accmrn( or the successful treatment of industrial
hydrazine potsomrxg with pyridoxinc.— J K. Kirklin cf
al.. New Engl J. Med., 1976, 294, 938.
A report of fatal choroidal melanoma in a yorker who

?k~n~%$i~{%~~e?~Y?~l-J %4c!
1977.296.634.
The usc of hydrazinc sulphate by a IaboraIory worker
was asawiatcd with the development of a syndrome
similar IO syslemic lupus erylhemamsus. — P. J. Duram
and R. A. Harris (Iet!er), New &rrg/ J. Med., 1980,
303, 584.
A discussion of hydrazme sulphate as an arrtincoplaslic
agcm. - W. Re@on. J. Am. med AJ., 19BC, 243,
337.

12832-k

Hydrogen Sulphide. Stdphuretted Hydrogen.
H2S=34.08.

CAS — 7783-064.
A colorless inflammable gas with a characteris-
tic odour: the intensi!y of the smell gives no
indication of concentration.

AdverseEffects.Hydrogen sulphidc ~isoning is a
common industrial hazard and is encoumered in
such places as chemical works. mines. sewage
works. and stores of decomposing protein; con-
centrations of 0.1 to 0.2% in the atmosphere may

~+ fatal in a few minutes. Pulmonary irritation.
‘cma, and respiratory failure usually occur
:r acute poisoning; prolonged exposure 10 low

concers[rations may give rise to severe conjuncti-
vitis with photophobia and corneal opacity, irrita-
tion of the respiratory tract, rhinilis, bronchitis,
stomatitis. phary-rgitis, diges~ive disturbances,
headache, lasst~udc. and skin rashes There are
some similarities to poisoning with cyanides.
A discussion of pmsomng by hydrogen sulphide — Lar-
rer, 1978, 1, 28 Comments. — A Downie (leucr), ibd.
219. C. H B Btnns (letter), /btd. 501, A Downic (leI-
ter). Ib/d.
Concentrations of about 2@3 ppm caused irritation of
the respiratory tract and. on prolonged exposure, pulme
rmrf oedema Totlcity [o (he CXS could occur suddenly
a[ corrcenlrations In excess of 500 ppm and immediate
dealh might follow concen!ra!tons in excess of
1000 ppm Irrltat\on m the eyes occurred a[ conccntra-
tjons or less than 50 ppm — Met/rods for Ihr De/crfion
o/ Toxic Subs! ancts tn Air, H,vdrogerr Sulphlde, Lon-
don. HM Statloncr> Office, 1969.

Further references W. W. Burrretl tral.,Can med
,4ss J., [977. 1 /7. 1277; R. P. Smith (letter), ibid.,
1978. //8, 775: ~V. W Burrmt and E G King (letter),
Ifrrd., 776: J Am mtd Ass.. 1978, 239, 1314

Treatmerr! of $dVerse Effects. Afler exposure to
hydrogen sulph]de place the patient in fresh air,
gwc inhalations of oxygen and, if necessary,
assis[ the respiration. Antibiotics may & neces-
sar) if pulmonar> infection occurs The conjunc-
Iwal sacs should be carefully washed OUI if eye
Irrlla [ion is set ere
In severe poisoning, amyl nitrite inhala~ion and
sodium nitrite b! ln[ravcnous irrjec:lon have been
suggesled
A brief review o! the management or sulphldc poison-
ing — R P. Sm:Ih and R. E Gmselln. A Rev Phar-
mac & Tox(c 1976. /6, 189.

_>T@ Successful trealmcnl Of a 47-year.old ma” with
‘.re hydrogen ,ulph, dc pwoning us!ng oxygen, amyl

ite !nhalat)m, for 30 seconds oul of each mlnutc for

5 minutes. and then sdum mmtc 300 mg mtraversousl!
for 3 minutes Treatment aas a!med at oroducrng met-
haemoglobinaemia to Irract watt the sulphide. In addiuon
he recctvcd sodium thmsuipiraw 12.5g b! Inuavcrrous
lnjcction — R. J Sum cr al.. 4nn utwrrr ,Mcd.. 1976.
85, 756.

Further references R. P. Sm!th and R. E Gosselm. J
OCCUpMed.. 1979, ~1, 93

Uaea.Hydrogen sulphide is widely empioycd m
many industrial processes.

12833-a

Hydroxyestrone LXacetate. 160-Hydroxy-
ocstronc Diacetate. 3, 16cc-Dihydroxyestra-
1,3,5(10)-trien- 17-one diacctatc.
C2>H2&05=370.4.

CAS — 566-76-7 (hydroxyesworte): 1247-71-8
(diocefote).

Hydroxyest ronc diacetate is a derivative of
ocatrone. It is claimed to have minimal systemic
ocstrogenic effects when given by mouth but to
re{ain effects on the vaginal mucoaa. II is used in

the treatment of vaginitis and associated disord-
ers.

Propriemy Nmsca
Colpoginon (I?oizoi, Spain); Colpogynorr (Laboralti”e$
de l“He a:rol, Switz.); Colpormorr (Millet, Arg.:

1’Anphar- ollarrd. Fr.).

12834-t

Hydroxyethylpromethazine Chloride.
(2-Hydroxyeihyl)dimethyl[I-methyl- 2-(phcn-
othiazin- I&yI)cthyl]ammonium chloride.
C19H15CIN10S==364.9.

CAS — 7647-63-4 (h.vdroxyefh.vlprome fhozinr);
2090-54-2 (chloride).

Hydroxycthylpromethazine chloride is an ami.
histamine.

Proprietary Names
Aprobil(Rccip. Swrd. ).

12835-x

Hydroxymethylnicotinamide. ~icotinyime-
thylamide;A’-Hydroxymcthylnicotinamide.N-
Hydroxyme[hylpyridine-J-carboxamidc.
C7H8N102=152.2.
CAS — 3569-99-1.

Crystals. M.p. 141” to 142°. Sparingly solublein
water and alcohol; freelj soluble in hot water
and alcohol
Hydroxymethylnicot inamldc is a choleretic and
has been used tn the treatment of various disord-
ers of !he gall-bladder.

%%’,$;~~er.; Bin-m, l,aI.,B$~-Chr:ce
Swirz ); {Cilag-Chemrt,
(Labarcc-Pharma, Suit:.).

12836-r

5-Hydroxytryptophan. 5-HTP; Ro-0783/B.
2-Amino-3-(5-hydroxy- lH-indol-3-yl)propionic
acid.
C,, H,jN201=220.2.
CAS — 56-69-9.
NOTEThe form of 5-hydroxytryptophan used clinicall>
is generally the L-form

5-Hydroxytryptophan is a precursor of serotonin
(SCC p.1753) and has been used clinically in
attempts to treat disorders believed to be asso-
ciated with serotonin deficiency.
Changes in mood, mos~lyelevation, were observedin 7
neurological patienu withorrl affcmivc disorders and I
healthy SIJbJeClgiven L-S-hydroxytryptophan 1WI 10
3@3mg by !ntrawnom Infusion m scdlum chloride )nJw-
!Ion Carbidopa was alm ~wen to reducethe severity or
vomiting which always occurred 30 to 90 mlnules after
Infusion and to increase the amount of L-5-hydrox)-
!ryptophan enwr!ng [he brain Veurotoxioty occurred

~ltr aOWS of 200 mg and above and included dilam[jm

of :m pupil, hypcrretlexla. ataxla. and dYsarthria. ~
WZ< some similarity to the effecrs of a cohol — M T&
me:: cf a(, (letter). Lzncer, 1975. 1. 5S3. See ai~ ~
H Grccnwcad er al.. Br. J clrn. Pharmrrc., 1975, ~’

16:

smerc tnsomma In a 33-year-old woman follOwinR ~
roac accident responduJ m 4 consccuuve mghtl! aa
of ~.~. hydroxflryplophan tolalling 3 g — M Webb ~M

J G Kwker (Jetter), Lzmcer. 1981, /, 1365.

Manganese poisoning. A bcnefi::al response, to ISL.L
hya:oxytryp:ophan, up to 3 g dally. was achwvd in ~
patlcnl m whom the symptoms of manEanesc Paisonl”t
faiim 10 respond to Ievodopa.— 1. Mena ●r al,, ,\m
ErrgI J Med., 1970, 282.5.

Merr#/ disorders. Of 107 patients with endoge~
deprewon given L-5-bydmxyuypmphm dady in divi.j~
doses by moulh for at k+ 5 weeks, the MaJon,,
rapidly abtaincd a bcncticral response.— 1, Sa~

Munch med. Wschr., J97Z 114. 17!3. ,Pr J. Am, &
,4.s$.. 1972, 222. 1065. Frtrrher stud]ea In depreasic,n~,
S. KJine tr al., Am. J. Psychiar., !964, 121, 379, ~
Ini pharm. Abstr., t965.2. 916; T. Persson and B .E
Rims (letter), brcef, 1967, 2. 987; G. d’Elia a df.
,4cfapsychia:. scorrd,. 1978. 57, 239; L.J.vanfi,~<
Neurops.vchofriology. 1980.6, 230
After oral administration of L- 5,-hydro~ ylryptophan wu

! ~rlpheral d~rboxyla~, Inhlbltor. mlid. 10 modem~
Improvement Wmobtmnedm 6 of 7 chromeundiffer~
tiatcd schizophrenic patients w~ were resistantto phm.
othaszirrcs. Of 4 chronic pararso!d ~hlzophrcnic pamnu
who were resistant to phenoth!az!ncs 2 became Mm

after treatment with $hydroxytryptophan and I

improved. Sornc schizophrenic patients might have~n
abnormality in aerotonin metabohsm.— R. J. Wyatta
al.. Science, 1972, 177, 1124.

Further surdies in schizophrenia: V. Zarmrrc et OJ.
Archs gerr. Psychics(., 1973. 28. 843; R. J. Wyatl tr al.
ibid 29, 597.

M.vorlomrs. Comment on the use of the investigatnansl
drug L-$-hydroxytryplophan in the wealmem of myo+
mu and the view that in general its usc should be dw
couraged L-5. Hydroxytry plophan is usually effcctwe m
pos~hypxic intention myocimtus, a rare condition. but
ma! exacerbate some other myoclonic syndromes Sq.

nifrcan! adverse effects, especially gastr~intes!inal du-
urrbarxcea. are almost universal, even when given with s
peripheral dccarboxylasc inhibilor such as carbidaps -
R R Young, J. Am. med. Ass.. 1980, 243. 1569.
~.$Hvdro~ytryptophan wjth ~rbrdopa was adminmcrd

;3 Palleflt: with mywiorrrxs and 16 patients ~ni10
other neurologwal disorders. Following administration b
rrrou:hof maximum doses of 0.4 to 2 g daily with carb
Idop 100 to 300 mg daily more than 50% improvcmcrr!
was obsaincd in 11 af 18 patients with intention mywl~
rrus due to anoxia or other brain damage; arriy 1 parxm
abtalncd no Improvement and in 3 i! was 90?+or mom
wmc patients derwcd sustained berrcfi[ far mare than3
years. NO &nefit was ob!a]ned b> 2 pa[ients with alhc-
!OIIC cerebral palsy, 2 w!th multiple sclerosis, 2 *@
esenual tremor. 4 wl!h cerebcllar Intention tremar. I
with Infantile spasms, 2 with dystan!a muscula~~
defo:mans, 2 with central pain syndromes. or 3 ‘AI!b
Idiopathic epilepsy. some benefit was obtained 10 I
Pallenr with myodonus epilepsy and in I af 1 PaIIcnu
WIIh familial essential myoclonus Side-effects mclud~

anorexia. nausea, dlarrhoca, and occasional vomiting ad
were reduced by prochlorpra zinc or trlmcthoknzamld~
and dlphenoxyla!e; prmr admm!strat!on of carbldov fm
1 or 2 days before therapy alsa reduced (he ga$m-lnl*
unal $ide-cffwts. During Ihe first week of therapy J
Psuenls developeddysprrocafallowed by hypcrvcntllal~m
and I!ghthcsdedncss. with fainting In 1, pulmonar) fu~
tion tests remained narmal. Varying degrees of mcnul
simulation occurred in 10 patients: these were revcfilblc
on casage rcduct ian and frqucnllv disappeared or dl~ti
mshed afler 4 to 6 weeks wilhout reduction, bu! 2
patjents rqutred concurrent administration of PcrPhe
naz; nc 10 mainrain thetr antimyocionlc dosage. OK

ode-e rfects included mydnas is, blurr!ng of vision. a
mlna: pain, and bradvcardia.— M. H Van WOCrl C( ‘~
.\e~ Engl J Med., ‘1977. 296, 70 Comment — T
~UllS3L Ibid, 101.
S!uc:es suggesting that the trca:m .nt ar in LentiOn T!e
clon~s with L-$-hydraxytryptaphan and carbldOPa I,r s
70-! -~r-ald man unmasked an abnorrnalitb In his abll!t!
(o cclabalise kyrrurcnine and resulted ii the dcvcl~
mm: of a sclcrcdcrma-like illness — E M Stcrn~r? a
al.. \ C-U Enel J Med.. 1980. 303. 782

J E Growdon e, al. A’eurolog> MfnneaP. 1976” ““”
ll?~ W M Carroll and P J Walsh, Br m~d ‘“’
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Hydrrtstinine Hydrobenzoin

rams canadesssss L..
md caismdme. Syn-
~,draatinca: Hope C(

et al, ib$d. 19M.
-m Bsd[. 27, 1947
~mm L#ttem 22.619
fiawocth. Pindcr. J.
., Narure 165, 529
q. 293, 121 (1960)
Letters 1962, 859.
t 29, 2326 (1964):
/69). Biosynthesis
963).

[a]& - SW (c =
~18, 238, 298. 316
: 7.8. Freely sol In
w salts hydrolyze

R. Patch. M. V
?01. IV (Springer-

I !6”. [a]~ -127
mr~slightly sol
~~-

‘oln): 4.2

as . sine hcmo -

vdrts-6-meth.vl - 1,3-
-6.7 -methylenedl -

‘inc. C1lH,,NO,.
6.76% O 23, 16P<
Will, Ber. 20, 86
,1. 241,136(1910),
yman, Rcmfry, J.

J. AppI. Chcm.
>optperonylamme
)13): Roscrsmund.
lm aafrole: Kind-

Stmcture s~ud}

1> sol in alcohol,
1 in coId, modm.
- alcohol are yel.
0 rganic SOlV=nI~

Debbie, Tinkl-

d]otonic: utenrw

lge root; yellow
Ted rhlzomt and

-we. con IK not

I
I

I

I
I

‘IE North A-mer.
Xnnc: can~dlne,

G

,,–
~

‘4NZ: mol
cpn from

m aoc. 76,3914
Inorgon,cChcm -

Mrry vol. I, G. Brauer, Ed. (Academic Press, New York,
1963) pp 469472. Toxicrry data: Wjtkin, Arch Isccl Healrh
13, 34 ( 1956). Toxicology study: Back, Thomas, Assm Rev.
Pharmacol. IO, 395 ( 1970). Review of carctnogentc]ry
S.[udics 1.4RC Monogmph 4. 127-! 36 (1 974); Of toxicology
R. von Burg,. T Stout. J App/. Toxtcof. 11,447-450 ( 1991).
Books: L. F. Audneth, B. A. Ogg. The Chemisrry of Hy.
drozisrr (Wiley, New York. 1951); C. C. Clark. Hydmsinr
(Mat hwson Chccn.. Baltimore, 1953). Reviews’ Troyan,
Irrd. Eng. Chem. 4S, 26438-2612 ( 1953); Zimmer, Chem Ztg.
79, 599-605 ( 1955); Hudson et al.. .’Hydrazine’” m MeIlor’s
vol. VIII. SUPPI. II, N~rmgen (P.srt 2), 69-114 (1%7); Jones
#n Compre)wwve Inorganic Chem:srry vol. 2, J. C. Bailar. Jr
ef al.. Eds (Pergamon Press. Oxford, 1973) p 250-265. H,
W. Schmasl m Ktrk.Othmer Enc@opedto of Chemical Tech.
nofogy vol. 13 (John Wile} & Sons. New York. 4th cd..
I995) pp 560-606.

Colorless oily Ilq. fuming II) air. Pmelraling odor rescsn-
bhng [hat of ammonia. Bums wrth wolet flame. Explndca
during d!wn II traces of alr are present, also affected b) uv
and metal Ion caialysw Can bc stored for years if scaled in
glass and kept \n a cool, dark place. Flash and fire p! 126’F
(52T). Contracts on freczmg. dr~ 1.[46; d! 1.0253. d~
1.024: d~s 1011: df 1.0036: d~s0.9955. One gallon of com-
mercial produc! wmghs 8.38 Ibs. mp 2.fY b
56: bp$~ 170’: bpiom 2(MY:bfsm- 236’ .pf’:::;bb:g
146444 Dipole moment 1.83-1.90. Diclcctnc constant
(2Y), 517 Latent hat of fusion (rep): 3.025 kcal /mole.
latent heal of vaponzatjon [bp): 9760 kcal/mole (caJc).
Cnt wmp 38@. cnl pressure 14 atm. Dlacidic baac PK1
(25”): -e 05. Fonrrs salis with Inorgarrlc acids. H;ghly
polar solvent Powcrful rcducmg agcn~. Dissolves many
lnorf!amc substances Mm ullh waler, methyl. c!hyl. prop

)1, lWtSUljl alcohols Fcrrms an azeotroptc mtxturc with

waler, bpl~ 120.3”. which contains 55 mole.% (68.5 wctghl.
‘.) NsH4. LD~ m mice (mgkg): 57 Iv.: 5’4 orall} (Wltkln).

Dlhydrochlonde! H4N1.2HC1. white crystalline POWdcr.
mp 198”. d 1 42 Freely sol in water. shghtly in alcohol.

CouIIon. PoIecttIal symptoms of overexposure m h! dra-
zine arc lrnla!lon of eyes. now and thrna[. temporary bl!nd-
ness. dtmnss. nauscz: dermamm bums skm and eyes .%
.\’IOSH Prx-ker Gujdc m Chrm,cal Hazords (DH HS N1OSH
90- I I7, I@Wl p 124. Sec al.w Patty’s Jndusrrral H}gIcrw and
ToxIco/ogt. wol. 2E, G D Clayton. F E. Clayton. ~S
(John Wllc} & Son~. lnc . NCW York. 4th cd,, l$?tt-1~pp
3435-3441 Hydraz:nc may rcasonabl} bc antlclpatcd [o be
a carmnogcn Se&,cnrh Annual Rtpsm on Carcfssogens (PBQ5-
109781, IQQ-!I p 231

LSE Chcmlcal !ntenmcdlatc In marsuf O( agricultural :he-
mlcals. spandcx flbcrs and anliox}dasrt~ Reducing agent:
organic h>drannc dcnvs: rwker fuel Dlhydrochlondc as
chlcrnnc sea. mger for HCI ga$ 5trcams

4810. H}drazine Hydrate. H6NS0. m.1 WI SO06 H
12.08F.. N ?5 Q6Z. O 31 96-, H2NNH2 HIO. Prepd frJm
hydramnc \ulfalc b> (he act}on of NaOH, followed b! dl!ln
under nl[rogm

Fuming rcfrac[lw Ilquld. fa!nt charac!cnw!c odor [ !o-
len r PalSon’ Causrs deks.wd eye wnroffon. dz! 1 03. mP
– 517 or bclou – 6S. (two eutcct)cs) bp,~ 118.1 IT. hPx
47.. n~ 1 42S42 Strong base. very corrosive, attacks glass.
rubber. cork. bul nm $[alnlcss ~lA smcl or Allcghen] SI~jn-
ICSS304 and 347. Molybdenum steels such as Allcghcn:
stainless 316 should not be used Very powerful reduclflg
agent Mlscrblc wth water and alcohol. Insol In chloro-
form and ether

Mlxlurc w~th methanol. C-Stu\j.
L’SE Reduc!ng agent, soibent for $nor~antc malenal!

Manuf “Hclman”’ UI:,l:rSt. conslstmg of 8WC hydru]ne h!”

drale. 19.5F, ethanol, 0.5 10 0.05’7’ copper, used [o dec h!.
drogm Peroxide In V-2 lYPC rockets. Mtxturc w!th me~h.

~“’s”’’b’:’-’S 24.647.. HINNH .HZSO,. Prcpd h~
Raschlg synthcsls 2h’H,.aq - [Ca(OCl\l/Na1C03 collc)j]
Snd treatmcnl N]!h H}SO,. Slarch, glue, or gelatin are u~~d
as collolds. and sodium hypochlonte ma~ bc used ]ns[cad of
bleachtng POWdcr Adams, Brown, Org Svn. 2, 37 (lo;~)

‘ .hme index fse]bm using [his secrion.

.

Audricth. Nickles. Ino%. $vr. 1, 90 (1939). Industrial
prepn by the action of sodnsm hypochloritc on urea in the
ps=$mw Of f’JaOH: BJ.0~ Final Re~fl M* Moncrieff.
MunuJ Chem. 18. 177 (1947). Revised lab procedures:
Pfciffer, Slmons, Ber. 80, 1Z7 (1947): Adams. Brown, 0~.
SYSSCOIL TO1. 1, 2nd cd. (1941). p 309. Crystal swucture:
Nttta C’JaL. Acra CCYm 4, 289 (19511 J6rsssora, Hamilton,
ibid 26B. 536 (1970). Review of activity and clinical stud-
ies in cancer cachexia: J. Gold, Nurr, Cbrcer 9, 59-66
(1987).

Octhorhombic crysrafs. Glass-like plates or prisms, d
1.378: Curtis, Jay, J. Pmkt. Chem 39, 39 (1889~ d7 2.016.
mp 2~. Sol in about 33 pacts watcfi freely sol m hot
water. Insol m alcohol. pH of 0.2 molar aq aoln 1.3,

Note: Tlris substasrm may reasonably be antictpamd to he
a caccinogcn: Skventh Annual Report on Gsrcisragens (PB95-
1097g1, 1994) p 231.

0SS: In the grmlmctric eatima!ion of nickel, cobalr and
cadmium; in the refining of rare metals; as antioxidant in
soldering flux for hght metafs: as reducing agent in the anal-
ysis of minerals and slags; in separating polonium from tel.
lsrritmuIn teals for blood: for destroying fungi and molds; in
tJECprepn of hydrazinc hydrate.

4812. Hydrazine Tartrate. Hydrazine acid tartrate;
hydrazine hydrogen castrate: hydrsazirrc bitacrratc. C4H10.
N206; mol wt 182.13. C 26.38% H 5.53%, N 15.38%, O
52.7 1%. H1NNH2.C4HC06.

Crystals, mp 182-183’. [a]~ *22.5”. Snly in water at @
drout 6 g/ 100 ml. pH of a sratd aq aoln 3,6,

USE: hr chemical dcpnsitlon of metals (silvering mirrors.
etc.): Owen. U.S. pa{. 2.801,935 (1957 to Merck & Co,)

4813. 4-HydrazioobenzmtSuffonic Acid. p-Sulfophen-
ylbydtine: phcnylhydraanc-p-ssdfonic acid, C6HaN10,S;
mol sw 188.21. C 38.29%, H 4.287., N 14.88% O 25.5070. S
17.04%. Prcpn by sulfonalion of phcnylhydraziste: L. Clai-
aen, P. Rnosm, Ann. 278, 296 ( 1894); by the reduction of p-
di6sobmzencsulfonic actd Tb. Zincke. A. Kuchcnbcckcr,
Anm 330, 1 ( 1903): L, V bzceva er al.. USSR pat. 1,057,.
493 (1983 10 Tambo\ Ptgnscrs!). C.A 100, 138755q (1984).
Used in resoln of I-pyrazoline cmpds: M, Mukai er a/..
Gm. J, Chem. 57, 360 ( 1979): in isoln of volatile ketones:
W. Trcjbs. H. Rtihncrt, Ber. 84. 433 ( 1951); in analysis Of
-CC amounts of sclcn]um: T. Kawashima er a/., Anal.
~irn Acra 49, 443 ( 1970); etdem, ibid. 89, 65 (1977).

-

Nccdies from water. mp 286. Slightly sol in water,
SJcohol.

4814, 2-Hydrazistoethanol. 2- HydroxyethyIhydrazi ne;
8-hydroxyethylhy drazlnc. OmafIora. CIHONIO; mol WI
76. Io C 31,57%, H I0,6CS% N 36.81% O 21.02% HO-
CHICH:NHNHr Prcpn from hydra.mnc monoh)drate and
2-chIorocthanol: Gansser, Rumf. Helv. Chim. Acm 36, 1423
(1953), from hydramnc mo”ohydrate and ethylene oxide:
Gcvcr, O’Kecfe, U.S. pal. 2,660.607 (1953 !O Eaton Labs,);
from hydraz]nc and ethylene oxldc: Brit. pat. 776,113 (1957
tO (Xi” Mathi~on),

cOlOr!CSS, slightly \lscous l}quid. d 1.11, one gallon
W’aghs 9.26 Ibs. mp –7fY bP173I 10.1301 bPB 145- 15Y.
Flash PI 224F (l O&C). M]sc wth waler. Sol In the lower
Slcohols Slightly SOI!n c{hcr

tJSE: Plant growth regulant.

4815, Hydrazoic Acid. Hydrogen aside; hydron!tnc
acid: rrlaz~lc acid: slick s~offwasserstof fsaurc (German),

HN,: ITIOI ~t 43,o3 H 2 -Wmc.N 97.66% Produmd by the
SCtion of sulfurrc ac)d on sod!um tide: L, F. Audncth, C,
F. Gtbbs, [nag Sym 1, 77 ( 1939): using sicaric ac)d Giin -
ther, Meyer, Z E/e.krmchem, 41, 541 (1 935), Prepn of water
Urd ether solns of h~drazo!c acid W. S. Frost et a{., J, Am,
Chem. sot. 55, 3516 (1933), L F.Audticth, C. F Gibbs,
&. CII.: P W Schcnk In Handbcwk of Preparative Inorganic
Chenr,xrrJ ,.1. 1, G Brauer, u. (Acadmtc Press,, New
york, 2nd cd 1963) pp 472-474 GC detcrmn. J. M Zeh-
mer, R.A S!mona, t}s. J Chrom. Sc~. 14. 493 (1976). Toxic.

ity study: Grahan
Review of toxicol,
Patty’s Industrial
Clayton, F. E. c
York. 1981) pp 2
Comprehensir.w Tre
iwy VOI. VIII, su
Jones in Compreh
Bailar Jr. et af, I
276-293.

Mobile liquid, !
plosi ve! mp - 8C
(mg/kg): 21.5 i.p

caution: Acure t
fall m blood prcssu
hypotension, wcakl

uSE: Industrial\
detonators.

4816. Hydritr,
meJ-l,l’ .3,3<-(2H,2
1, I ‘,3,3’- terrane: rt
322.27. C 67.09T<,
rion of porassium c
L Org. Chem 23, 1
tion of ninhydtin u
Chem 211, 907 (I9

c1’,

Dihydrate. prism
.eddish-brown at 2(
10! water: sol in M
iq Na:CO solns (de

~blue color Can b
:hc addn of acid.
>Iuc color w;th amlr

USE. Reagent for !
~cids and similar co:

4817. Hydriodi{
water Marketed Ir
$7%, d 1.5, IWO, d
odide gas in wafer
;ulfidc according [o
Frykholm, I.VOW.S)
Iodide.

Crslorlcss when ire
jr brown on exposu
:an bc prevcnled b>
)horous acid (H3P0,
“or some tlmc arc us
oc regenerated wrlh i
Ir., Inorg .Syrr. 2, 21(
?ir, preferably nor abc

Dissolves iodine. 1
bp,a 127, d 1.70, C
~cid, attacks natural

Courton: Strong, Ir
USE Reducing agt

naccutl-dis, disinfcc~
malytical purposes. s

THEP.APCAT: Expec

4818. Hydrobem
>henylerhylenegly col
H 6.59~c. O 14.93%.
Forst, Zlncke. Ann. 1
Chem. SW. 91, 1390
Sot. 51, 2163 (1929);
Z. Heath, Boston, 11
Improved method for
mm: Collet, Synrhesu

Corrsulr the .Vame Inder before using rhis secrion,

.6
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HYDRAZINE
SULFATE
“...Since hydrazine su[fate Drovided
reliefofa wide s~ectrum of cancer
svmptoms, it mav be recommended for
~ge cancer. ‘t

side effects... ”

GENERAL INFORMATION

Hydrazine sulfate is an anti-cachexia drug which acts to

reverse the metabolic processes of debilitation and weight loss

in cancer and secondarily acts to stabilize or regress tumors.

Hydrazine sulfate is a monoamine oxidase (MAO) inhibitor

and is incompatible with tranquilizers, barbiturates, alcohol

and other central nervous system depressants. Foods high in

tyramine, such as aged cheeses and fermented products, are

also incompatible with MAO inhibitors. The use of

tranquilizers, barbiturates and/or alcoholic beverages with

hydrazine sulfate destroys the efficacy of this drug and

increases patient morbidity.

The U.S. National Cancer Institute (NCI)-published studies of

hydrazine sulfate (Journal of Clinical Oncology, June 1994),

reported as negative, denied the use of tranquilizers, with the

exception of the short-term use of prochlorperazine

(Compazine). However, under pressure of an investigation of

the NCI studies by the U.S. General Accounting Office

ordered by Congress, the NCI in a subsequently published

paper (Journal of Clinical Oncology, June 1995) admitted to

the widespread use of both benzodiazepine and phenothiazine

tranquilizers, which are incompatible with MAO inhibitors, in

94% of all study patients. Moreover, approximately half of

these patients were given these tranquilizers on a long-term

basis, and some on a continual basis. It was further admitted

by the NCI that concomitant drug use (such as tranquilizers,

alcohol, barbiturates, etc.) was not computerized and patient
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records of such drug use were “incomplete.”

There is an abundance of published, positive, peer-reviewed

studies on hydrazine sulfate in the medical literature.

(Abstracts of some of these published studies are given on the

following pages.) These data emanate from major cancer

centers both from the United States (randomized,

double-blind, placebo-controlled studies and single-arm

studies) and Russia (large-scale, multicentric Phase

11-equivalent studies). These data indicate the therapeutic

action of hydrazine sulfate to extend to all types of tumors.

Hydrazine sulfate has been demonstrated to produce only few

and transient side effects. There have been no instances of

bone-man-ow, heart, lung, kidney or immune system toxicity,

or death, reported. Hydrazine sulfate has never been

demonstrated to be carcinogenic in humans.

For further information please have your HEALTH CARE

PROFESSIONAL (no patients or individuals, please) call the

institute.

COLLECTION OF ARTICLES IHOW TO CONTACT SCRI

A collection of articles on Hydrazine Sulfate has been

available on this site since 23 October 1996.

Thix page is designed and hosted by iv’ex( Generation Commitcr SY.Stem.Y, and is the

property of the@ racuse Cancer Research Institute. (3 1996, Syracuse Cancer

Research institute. All rights reserved.

Last modl~ed on 21 Januaq 1997.
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The following is a collection of articles based on published

studies on Hvdrazine Sulfate. You may view the abstract by

clicking on the icon to the left. If the title of an article has no

(hyperlink, then that article is not present on this system (you ~

may still view the abstract).
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ONKOLOGII 36:721-726, 1990]
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Rcccivin~ Chcmothcratw” [American Journal of the Medical
Sciences 310:48-55. 1995]
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“Influence of Hydrazine Sulfate on Abnormal Carbohydrate
Metabolism in Cancer Patients with Weight Loss” [Cancer Research
44:857-861. 1984]
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Placebo-Controlled Clinical Experience” [Cancer 59:406-410, 1987]
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Hvdrazine Sulfdc” [Nutrition and Cancer 3:13-19. 1981]

n
“Effect of Hvdrazine SulFate on Whole-body Protein Breakdown
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Use of hydrazine sulfate in terminal and preterminal cancer
patients: results of investigational new drug @ND) study in 84
evaluable patients.
Gold J
Oncology 1975; 32(1) :1-10
76101548
In a series of 84 various evaluable disseminated cancer patients

treated with hydrazine sulfate as a result of a
pharmaceutical-sponsored investigational new drug (IND)

study, it was found that 59/84 or 70°/0 of the cases improved
subjectively and 14/84 or 17°/0 improved objectively. Subjective
responses included increased appetite with either weight gain or

cessation of weight loss, increase in strength and improved
performance status and decrease in pain. Objective responses
included measurable tumor regression, disappearance of or

decrease in neoplastic-associated disorders and long-term (over
1 year) ‘stabilized condition’. Of the overall 59 subjective
improvements 25 (42°/0) had no concurrent or prior (within 3
months) anticancer therapy of any type. Of the 14 objective
improvements 7 (50°/0) had no concurrent or prior anticancer

therapy. Of the remaining cases in which there was either
concurrent or prior anticancer therapy, improvements occurred

only after the addition of hydrazine sulfate to the treatment
regimen. Duration of improvement was variable, from
temporary to long-term and continuing. Side effects were mild,
comprising for the most part low incidence of extremity
paresthesia, nausea, pruritis and drowsiness; there was no
indication of bone marrow depression.
Hydrazines/ADVERSE
EFFECTS/PHARMACOLOGY/* THERAPEUTIC USE
Neoplasms/*DRUG THERAPY/METABOLISM
Drug Evaluation
Gluconeogenesis/DRUG EFFECTS
Human
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Hydrazine sulfate in cancer patients with weight loss. A placebo-controlled
clinical experience.

Chlebowski RT; Bulcavage L; Grosvenor M; Tsunokai R; Block JB; Heber
D; Scrooc M; Chlebowski JS; Chi J; Oktay E; et al

Cancer 1987 Feb 1;59(3):406-10

87077829

Hydrazine sulfate was evaluated using 24-hour dietary recalls and body
weight determinations before and after 30 days of either placebo or
hydrazine (60 mg, 3 times/d] oral administration in 101 heavily pretreated
cancer patients with weight lo~After 1 month, 83°/0 of hydrazine and only
53% of placebo patients completing repeat evaluation maintained or
increased their weight (P less than 0.05). In addition, appetite improvement
was more frequent in the hydrazine group (63°/0 versus 25°/0, P less than
0.05). Although caloric intake was only slightly greater in hydrazine-treated
patients, an increased caloric intake was more commonly associated with
weight gain in patients receiving hydrazine compared with those receiving
placebo (81 YO versus 53%, respectively). Hydrazine toxicity was mild, with
71% of patients reporting no toxic effects. Hydrazine sulfate circulatory
levels were obtained from a subset of 14 patients who completed 30 days of
treatment, with a single sample obtained in the morning at least 9 hours
after the last dose. Mean maintenance hydrazine sulfate levels, determined
using a spectrofluorometric assay, ranged from Oto 89 rig/ml (mean 45 +/-
16 ng/ml). These data, which demonstrate an association between 1 month
of hydrazine sulfate administration and body weight maintenance in
patients with cancer, suggest future clinical trials of hydrazine sulfate are
indicated to definitively assess its long-term impact on important clinical
outcome parameters in defined cancer populations.

Cachexia/*DRUG THERAPY/ETIOLOGY
Hydrazines/*THERAPEUTIC USE
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HYDRAZINESULFATE

Hydrazine sulfate, a simple, off-the-shelf chemical, dramatically re-

verses cachexia (ka-KEK-si-a), the wasting-away process that kills

two-thirds of all cancer patients. This inexpensive drug, with little or

no side effects, also has a clinically documented antitumor action. It

causes malignant tumors to stop growing, to reduce in size, and, in

some cases, to disappear. A growing number of cancer patients

diagnosed as terminal have experienced tumor stabilization and

remission through hydrazine sulfate therapy.

About half of all patients who take hydrazine sulfate experience

weight gain, restored appetite, extended survival time, and a signifi-

cant reduction in pain and suffering, Many patients report an in-

crease in vigor and strength and the disappearance of symptoms of

~ the disease, along with feelings of well-being and optimism.. .
While hydrazine sulfate may not be a sure-fire cancer cure, large-

scale clinical trials suggest that it affects every type of tumor at every

stage. It can be administered either alone or in combination with

cytotoxic chemotherapy or radiation to make the cancer more vul-

nerable to these standard forms of treatment.

Hydrazine sulfate is now undergoing Phase 111 trials sponsored by—.
the National Cancer Institute. It is available to patients as a “compas-

—--
slonate_~], ” a designation conferred by
[he Food and Drug Administration on a case-by-case basis, so it is no

longer, strictly speaking, an “unconventional therapy. ” Yet even

though hundreds of patients across the country are using the drug,

it is not widely discussed or disseminated among practicing physi-

cians and its promise remains largely untapped twenty-four years

after it was first proposed as an anticancer treatment by Dr. Joseph

Cold. .Meanwhile, hydrazine sulfate is widely available in the Com-
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ers, are your body’s first line of defense. If the cancer cells evade the

natural killer cells, they proliferate and manufacture antigens, which are

telltale substances detected by the T-cells,your immune system’s sec-

ond line of defense against tumor growth. Specialized T-cells (or T-/yn?-
phocytes) destroy cancerous and virus-infected cells. (The “r in T-cell
stands for “thymus-derived” because these white blood cells, created in
the bone marrow, are carried to the thymus gland, which transforms them
into T-cells. ) Other white blood cells, macrophages (Greek for “big

eaters”), ingest the cancer cells. A wide range of other cells and sub-
stances that make up the immune system help to orchestrate a coordi-

nated attack against almost any invader.
Altogether, there are five major types of orthodox immunotherapy. The

first is f3CG, a tuberculin vaccine used in the treatment of cancer that

stimulates macrophages to kill cancer cells. Consisting of a weakened strain
of the tuberculosis bacillus, b~G (which stands for baci//us Ca/mette-
Gudrirr)apparently works best when combined with chemotherapy; yet as
a solo treatment, it has brought about some complete remissions and many

cases of temporary or prolonged remission. Used by conventional as well
as alternative doctors, BCG has been particularly successful in treating

malignant melanoma. It appears to work well when injected directly into
tumors visible on the skin, though it has also been used to treat lung cancer
and other forms of the diseas~ One of the researchers who discovered
BCG’S anticancer potential was Dr. Lloyd Old, who later became director of

the Sloan-Kettering Institute for Cancer Research.
/ntefleron is a family of proteins produced by the white blood cells in

response to viral infection. It stimulates the production of macrophages and
/lymphocytes (white cells), blocks the growth of tumor cells, and transforms

some lymphocytes into natural killer cells. Hyped as a wonder therapy and
miracle cure when it was first synthesized in 1980, synthetic interferon

turned out to be very expensive and have toxic side effects. It produces

fever, chills, and muscle contractions so severe that they may require

morphine. 1Today, interferon is ,pproved for use in the treatment of two rare

forms of cancer, hairy-cell leukemia and juvenile laryngeal papillomatosis.

It may have limited value in a number of other rare conditions. The FDA

approved its use for AIDS patients in 1988, but it has largely been a failure
in ARC-AIDS trials. Infected people who received it had flu-like symptoms,

fatigue, swelling, headaches, and even hallucinations.

/rrter/eukin-2, a protein produced by the T-cells, was also hyped by

the cancer industry and the major news media as a cancer breakthrough.
The results to date, however, have been disappointing. IL-2, as it is

called, has reportedly been effective in some patients with melanoma

and renal cancer, but its drawbacks are major and became evident early

on. Charles Moertel, M. D., of the Mayo Clinic, charged that IL-2 is highly
toxic, hugely expensive, and not particularly effective.z Its side effects
include fever, chills, malaise, swelling of the spleen, anemia requiring
multiple transfusions, severe bleeding, SI ~ck, and confusion. Treatment
with IL-2, according to Dr. Moertel, may require weeks of hospitalization
in an intensive care unit “to survive the devastating toxic reactions.”3
After a few patients died because of interleukin-2, the National Cance

Institute, which had eagerly presented it to the public as a miracle drug
withdrew such claims.4

Tumor necrosis ~actor(TNF), produced in the body in minute quantities

seems to kill cancer cells by destroying their cell membranes, although wh

this happens is not clear. Side effects OCCUI:agularly; most patients develop
fever and chills as well as some nausea and vomiting. 5 Injected int
cancerous mice, TNF causes their tumors to melt away, It is currently bein

tested to determine its potential efficacy in treating human cancer patients

Some observers believe that TNF, upon which the cancer establishment
has spent millions, is simply furnoranfibody, one of the four blood fractions
used by Lawrence Burton, pioneer of a nontoxic immune therapy used
the diagnosis and treatment of cancer (see Chapter 6),

Monoclonalantibodies are synthetic antibodies created through gene
splicing, fusing a cancer patient’s white blood cells with his or her cance
cells. When these bizarre hybridomas are reintroduced into the patient’s

body, they manufacture specific antibodies said to attack only the cance
cells. Attached to anticancer drugs or natural toxins, monoclonals serv

as “guided missiles” by directing the antibodies they manufacture toward
their malignant prey. Still in the investigative stage, monoclonals—like
interferon, interleukin-2, and TN F—promise to be tremendously expen

sive, a boon to the pharmaceutical-medical monopoly if they are eve
used in cancer treatment. They are frequently touted by the media as th

next cancer breakthrough.

The American Cancer Society freely admits that it will take “man

years to find the proper role of these [orthodox immunotherapy] agent
in cancer treatment.” 6 Observers say this means twenty years or more
Meanwhile, the ACS continues to use its enormous power and influence
to restrict or suppress safe, nontoxic cancer therapies that have pr

duced remarkable clinical results in human beings, such as the immun
therapies of Lawrence Burton, Ph.D. (Chapter 6) and Virginia Livingston

M.D. (Chapter 7), or the biologically based therapy of Stanislaw Burzyn

ski, M.D. (Chapter 2).

Ironically, Co/ey’s mixed bacteria/ vaccine, which has perhaps show
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a greater cure rate than any other cancer treatment, is totally unavailable,

Dr. William Coley (1862-1 936), an eminent New York City surgeon and

Sloan-Kettering researcher, in the 1890s developed a vaccine made of

bacterial toxins that activated immune-resisknce mechanisms in cal cer
patients and cured hundreds. His daughter, Helen Coley Nauts, D.SC.,

has preserved and carried forward his important work. Yet, despite the

successful use of bacterial vaccines amply reported in the medical
literature since the turn of the century, today’s big drug companies have

no interest in what they view as merely an unprofitable item.

Staphage L.ysafe,a nonspecific bacterial vaccine made from sta@y/o-
cocci, is legally sold today as a specific therapy for acute and chronic

staphylococcal infections. Unofficially, it has been widely used by pragmatic

doctors who have had encouraging results in treating multiple sclerosis,

cancer, herpes, allergies, aflhritis, asthma, and many other conditions.’
Relatively inexpensive and almost totally nontoxic, Staphage Lysate can be

inhaled, injected, or taken orally, It is known to increase the production of

T-lymphocytes and to induce the natural formation of interferon and irrter-
/eukin- 1, the predecessor of interleukin-2.

Immune therapies, whether orthodox or alternative, are generally used

as a treatment of last resort after patients have received toxic chemotherapy

or radiation. Many doctors believe that the prior use of immune-destroying,

often carcinogenic conventional treatments lowers a patient’s chances for
recovery through immune therapy. Chemotherapy often accomplishes the

destruction of the immune system, and radiation can cause severe, pro-

longed immune deficiency. At any one time, there are thousands of cancer

patients in the United States undergoing aggressive chemotherapy who
would benefit from any immune-enhancing measures whatsoever, even

supportive nutrition or vitamin supplementation.



I

96-34

_6- ~airam A et al. Thmphyllim versus——
mffeme: compmariweffects in treac -

___

,-_

ment of idiopathic apneain [heprcwm
infam.J Pcdittr. 1987:110:63rl

159 Davis JM et al. Use of caffeine in

infants unresponsive to theophylline

w

m apncxof pmmaruricy.Pedia[rPul-

160 EmenbergMC Kang N Stability of

citmted caifemc solutions for injectable

]md emeraf use. Am J Ffosp Pharm.

u 1984:4[:2405.
161

162

163

164

165

Eyal F et al. Aminophylline versus

doxaprcun m idiopathic apnm of pre-

mmmry: a double-blind comrulled

wrdy. Pedi~uics.1985:75:709.
Peliowski & f%er .XN. A blinded.

rmdom!zed, placebocontrolled tnaf 10

compare theophyl line and doxapram

for the rremment of apnea of prematu-

rity. J Pediatr 1990:116:648.

Bairam .$ et al. Doxaprzrn for [he

initmJ treatment of idkopathlcapnea

of prematurity. Bioi !qeonm. 1992;6 I:

209.

Barrington KJ et al. Dose-response

relationship of doxapram in the therapy

for refractory idiopwhic apnea of pre-

mawri [y. Pediamcs. 19X7;80:2?.

Tay-Uybuco J et al. Climcd And phys-

iological respmwes co prolonged naso-

gmtric admmis[ratwn of doxapram for

~pnea of prematurity. Bid Wonme.
1991:59:190.

166 Papile LA. Cmtmf nervous system

disturbances, pan form @vmtncular-

mmwenrricular hemorrhage. In: Fma-

roff AA, Manin W, eds. NeOnatal-

Pennaud ?vfedicme: Diseases of the Fe.

MS and Infant. 5dt ed. St. Louis: Mosby

Year Book; 1992:719.

167 PapileLA,BmnnBS[V.Intracranial
hemorrhage:periventricular,intrWen-

tricrdar hemorrhage. Jn: Pomerance JJ.

Richardson C3, eds. Neonmology fnr

the Climcian. Norwalk Appleton &

Ltmge; 1993:425.

168 Voipe JJ. fntraventriculax hemorrhage

and brmn injury in the premamrc in-

fant: neuropathology and pathogencms.

Clin Perinaml. 1989; 16:361.

169 }iinarcik CJ Jr, Beacby P. Neuml-

oglc disorders. b.: Merensrein GB,

Gardner SL, eds. Handbook of >Neo-

nmai Inrcnslve Care. 3rd ed. St. Lotus:

,Mosby Year Beak; 1993:430.
170 Volpe JJ. [ntravenuiculac hemorrhage

and brain mJury m the premature !n-

fam: diagnos[s, prognosis, and prevm-

[ion. Cfii Pcnnatol. 1989; [6:387.

171 Lamp KC, Reymdds MS. lndometh-
acm for prevention of nemmml imra-

ventncular hemorrhage. DICP, Ann

Pharmacother. 1991 ;25: 1344.

172 ,Me”t LR et al. Low-dose indome!hfi-

cin imd preventmn of intraventricrdar

hemorrhage: a muiucenter randomized

mid. Pediatrics. 1994:93:543.

f73 Volpe JJ. Braininjury caused by !mra-

venmcul.u hemorrhage: IS mdometh-

acin the sdvw bullet for prevention’?

Pedi~mcs. 1994.93.673.

174 Rust RS, Vtdpe JJ. Neona!d seizures.

[n: DodsonWE. Pellock JM. CIA. Pe-

diamc Epilepsy: Diagnosis and Ther-

~PY. New York: Demos; 1993:107.
175 Mizrahi EJM. Consensus and contro-

versy in the clinical management of ne-

ond.d seizures. Clin Perinatol. 1989;

16:485.

176 Painter MJ. Th.mpy of nmnmd ,ei-
zwes. CICVCClin J Med. 1988:5b
(stlppl.):s124.

177 MOrrisOnA. Wmmd ,e)zureb.In:
Pomcrmm JJ. Richardson CJ. cds.

Ncmurtolo:y for the Clmimn Xur-

wdk: Appleton & L.mge: 1993:4 I I.

178 Haymond .vW. Hypo?lycernia m in-
fmts md chddrm. Endocnnd\iemb
Clin Nor!h Am. 1989: [8221.

179 Tsang RC. Neoniid magnesium dis-

turbances. Am J DIS Child. 197? 124:
~R7.,

1S0 M.%ssingale TW. Buttress S. Survey

of meatmem practices iitr neomml wf -

zures. J Perin~tol, {993; [3. [07.

181 Painter MI et al. PbemJb~fiitdand
diphenylbydamoinlevelsin nconwes
with seizures. J Pedi~tr. 1978:9?:3 15.

182 Gilman JT et al. R~pid wqtwwd

phenobarb!rd memmen[ of neomr[d

seizures. Peditttrics. 19X9:83:074.

183 DeshmukhA et d. Loru~p~mm the
trmtmcm of refrwkry neon.d sei-

zures: J pilo[ study. Am J Dis Child.

1986; 140:1042.

184 McDermntt CA et aL Phmnacokinel-

ics of Iorazepam in criticdl> III neo-

nmes with ~eizurcs J Pedi~Ir. 1992;

[20:.$79.
185W P wd. VAPKWmd W3UCY.tow.-

icity. ond ph.utnxokinetm in neon.m.

with imrmxrbie $wurm. Wurnlugy.

1988:38:467.

186 Fischer .fH et al. P6enoharhral mmn-

[enmce dose requirements m tremg

187

188

189

neonatal smzures~ Wurolog I 981:31:

1042.

Painter NJ et d. Phenobtimd ml

phenytoin in neotmml seizures’ merxb-

olism and [Issuediw!butmn. Ymml-

Ogy. 1981:31:1107.

Rosen TS. Infants of addictedmothers.

[n: Fmmrmff AA. Martin RJ. tds. Neo-

ntrtal-PennNai .kfedimw: Discmes Ot”

the Fetus md lnfom. Sth cd. S!. LOUIS

Mosby Year Bcek 1992:574.

Finnegan LP,WeinerSNf.Drugwi{h-

drawd in [he neonate. [n: ‘vIerenswm

GB, Gardner SL. eds. Hzndbirnk ot’

Neonatal Intensive Cm. ?rd cd. S[.

Louis: !vfosby Yew Bouk; I ‘W3:WJ.

190 Levy M, Spino }f. Neonmd wuh-

drawal syndrome: mswaated dregs mrd

pharmacnloSical mmmgemem. Phu-

macmherapy. 1993; 13:202.

191 Doberczak ~f et al. Neonotal opixe
~bstinmcesyndrome in [mm ond pre-

rerm infmms. J Pedkm. ISWl;1 18:933.

192 Zelson C et al. ,Nconnldnwcoricad-
dimon: compwaIiveeffectsOfmmer-
mdintakeuf heroin and rne[h~dmte. N

Engi J Med. 1973:289:1216.

193 Greenglass SJ. The ~dverw effcct~ of

comme on the develapmghumxt. III:

Ytife SJ, .Amnda IV, cd,. Pedimmc

Pharmacology: ‘f%empcuoc Princlplm

m Pract]ce. Philadelphia: WB Smm-

ders; 1992:598.

J94 %uspeil DR. Hnmel BC. Ccaine md

infant behav!or. J Dev Behm Pedi~tr.

1991:12:55.

195 Kondail SR. Gar;ner LXf. LJk pre-

~entatm!l o! drug wlthdrm~ d .ymp-

roms in newborns Am J Di. Child

1974:127:58.

196 Finnegan LP et al. ~mx~ement ut ne-

onatal narcot!c ab>cinence unliztn~ A

phennbwbital loading close methud.

Nml [ml Drug .Ahuse Res >fmwgr Ser.

1979; 27:24-f.

197 Amet-km Academy of Pediatrics.
Cnmmittee cm Drugs. Nemm[al drug

withdrawal. Pmfi~trics. 1983; 7Z895.

19tf \Tijburg FA et al. Vorphinc w m

mm-epileptic drug in n~fl~ld .rbsli-

nence syndrome, Acts Paedimr Scmf.

1991: Wk875.

199 Hill RNf, Dcsmond MNf - M*nwe-

mem of the narcotic withdmwd $yn-

drome in the necftw. Pedi~tr Clin

?40nh Am. 1963:10:67.

200 Stark AR et al. Muscle relaxation in

mechmicdly wntibmd infants.J Pc-
Ji.rlr, 1979:94:439.

201 CromeRK. Favorito J. The effects of

pancurcmium bromtde on infm!s with

hyolinc mcmbr.ure disemc. J Pedi~tr.

198097:991.

202 Buck ML. Rwf .MD.Use of non-

de@wizing neuromuscuhr blocking

tgems in mechmically ventilirted pa-

tients, Clin Phmm 1991 ;1032.

203 Carlo WA et af. Assisted vemikmon

and the compl ica[ions of rcspiri[ory

dis[ress. [n: Fmaroff AA. Mamn RJ.

eds. Neonmd-Pennwal kfcdicine: DIs-

cus of the Fetus mf Infant. 5th ed.

St. Louis: >fosby Ymr Bonk: [992:

827.

2fU Taylor P.Agents acring at rhe neurw

muscular junction and autonomic gln-

gliu. In: Gilman AG et d.. eds. Goot-

mon ond Gil!mm’ $ The Pbarmacn logi -

CII &tsIs O(Tbcr~peutics. 8th ed. New

York: Pergamon Press; 19%3:166.

205 Bennett S.J e! al. Pmcuromum and the

neonate. Br J Antusth. 1975;47.75.

206 Greenough A et al. [investigation of

rhc effects of paralysis by poncuromum

on hew rate varkdiliry. blood pressure

and fluid baltince. .Acta Pmdimr Stand.

198Y.78:829.

207 Cabal LA et al. Cardiovascular md

carecboiarmne chmgex after ~tJminis-

wation of pmcurnnium in distressed

neonates. Pedimrics. I 985:75:284.

208 Phrowski A. Comparison of alrAcu-

rium and pancumnium in mechmically

ventilated neonates. Inrensive Cue

!vfClf. 1993; 19:401.

209 American Academy of Pedhtrfcs.

Commlrtee on ferus muf newborn. com-

mmee on drugs. sccrion nn mesthesi-

ology. secuon on surgery. Neonatal an-

esthesia. Prdiarrics. 1987;80:446.

210 Atand KJS. Hickey PR. Pin md m

effects in the bumm neonate ond fetus.

N EnglJ .Med.1987; 317132[.

211 Shapirn C. Pain in the nemme: w-

$essmem and inrervenrion. Neonatal

Nerw. [989;8:7,

212 Goldberg RN et al. Detection of sei-

zure wrivi:y in the paralyzed nennwe

using continuous moniroting. Pedi~r-

IiCS. 1982:69:583.

213 Zenk KE. Prtrct!caf pharmacology for

thcclinician cting forrhe newborn. In:

Pnmmmce JJ. Richardson CJ, cds.

%matoiogy for. the Clinician. Nor-

Wdk ~ppie[ml & Lmgc:1993:59.

214 Roth B et al. Analgesifi md sedation

m neonaud inttnslve care using Lm-

mny[ by ctmnnuous infu~ion. Drv

Phmmmmi Tber. 1991:17.121.

215 %rtun SJ. After tffects of mo~hine

md femanyl amdgcsix. a retrospective

+udy. %onaml Xc!w. 1988:7:25.

216 .Amold JH et al. Changes in the phx-

macwfynamtc respnnse 10 femanyl m

ncunares during continuous infusim. J

Pediatr. 1991;1 19:639.

Pediatric Therapy

217 Katz Ret al. Pmspeclive study on tie

occucrcnce of wirhdrlwll in critically

ill children who receive fentany[ by

cmmnunu< infusion. Crir Care Med.

1994:22:763.

218 Lane JC et al. Movement disorder af.

ter wirhdmwal of fentanyl infusion. J

Pcditttr, 1991;1 [9649.

219 Am-d KJS, Arnold JH. Opioid tel. ”

emnce and dependence in infants Wd

children. Crir Clre Med. 19$J4;22:334.
~~0 wat~ng s}[. DMuJF. prolonged pa- ~

mlysis in intensrvc cue unit patients af-

wr rhe use of neuromuscular blocking

Igents: o review ot’ the Iirerwm. Crit

Cm kfcd. 1994; 22:884. .’

221 .Anyebuno MA, Rosenfeld CR. Cblo.

ml hvdrate toxicity in a lcnn infant.

Dev Phwrmcol Ther. 1991 ;17:1 16.
~~~ Mayem D.J et d. Chhmd hydrate dis-

position following single-dose admin-

istration m critically ill neonates and

children. Dev Phmmmcol Ther. 1991;

16:71.

223 klayers DJ et id. Sedative/hypnotic

effects of chhml hydrme in the nec-

rurte: mchlmmrhanoi or parent drug?

&v Pb.rrrmtcul l-her. 1992:19:141.
2~.$ Nahati \lC. f+ippl~‘rF. P~&~C

Drug Fonnukiriom. M c-d.Cincinnati,

OH: Harvey Whimey Buok.x 1992. ‘~
223 BI”M~~ JL. Red \fD. pIinCipkS Of

neomtml phmaco logy. In: Yaffe SV,

Arandl JV. cds. Pediarric Pharmacol-

ogy Therapeutic Principles in Practice.

hd cd. Pbikdelphia: WB Saunder;;

19+2:164. 168.

’226 Ernst JA et al. CJsmolaiity of $ub-

!,mnces used in rhe inrensive cam nuw’

cry, Pedimrics. 1983;72:347.

227 White KC, Harhyy f(L. Hywrtmdc

formula resulting from added oraf med-

ica[mns. Am J Dis Child. 1982;136:

931. ., T,,!

228 American Academy of Pcdiatrfc3,

Committee on Drugs. “Inactive” ~-
grdems in phanmrceuticaf pmducu.’,

Pediatrics. 1985:76:635.

229 Glasgow AM et al. Hypemsmolahty in

small infonts due IO propylene glycol.

pediatrics. 1983; 72:353. - j

230 Bafistreri WF et al. Lessons from tbe

E-Fcml tmgcdy. Pediatrics. 1986; 78:

503.

231 Kumar A et al. The mystery ingedi:”

ems: swee[enem, flavorings, dyes, and

prwvwtives m Onalgesic/mtipwticT

antihisraminetdecongestmt. cough ~d

cold. anudim’rhtml, and liquid tieOph-

yllinc prepar~(ions. Pediatrics. 19937

91:927,

232 Nahata MC. Intrttvenous infusiofl Con-

ditions: implic~tions for ph-mOki-

netic monirorrng. Clin Pharmacotiet.

1993 ::4:221.

U3 Roberts fLJ. Issues and problems ~-

wwimed wlrh drug defivecy in @Ltic

ptmems. J Clin Phwmacol. 1~~34:

723.

234 %hata ,WC et al. Effect of infusion

m.mhtis on robramycin serum cOnccn-’

tra[ions in newborn infants. J Pediae.

1984,11M:!36.

235 Painter >fJ et ai. Nemurral Seiz@s.

Pcdiutr Clin Wmh Am. 1986;33:95 ‘

236 Friudman WF. Congenmd hem ‘is”

ease In infancy and chlldhd. h

Braunwald E. ed. Hem Di@$e: 4)

Tcx.rtamk 0( Cardiovasculw h4acin%

4h cd. Philadelphia WB Saundf%

1992:393



.—

_—_

... ...,=—
NOTICE Reprinted with permiwkn

WIS l’&$W?!AL MAY W PROTECTEO BY through the Copyright

LWW?!GtW LAV1 (TITLE 17, M. UOIJE) Clearance Center

Hydrazine Sulfate in Cancer Patients With Weight Loss

A Placebo-Controlled Clinical Experience

ROWAN T. CHLEBOWSKI, MD, PHD,* LINDA BUt-CAVAGE, MN, RN,* MARY GROSVENOR, RD. MS,t

RAYNELLE TSUNOKAI, 6S,” JEROME B. BLOCK, MD,* DAVID HEBER, MD, PHD,+

MICHELLE SCROOC, RD,t JOAN S. CHLEBOWSKI, MD,fJ JOCELYN CHI, MD,*

ENGIN OKTAY, Ml),$ STEVE AKMAN, MD, “ AND ISHRAT ALI, MD~

Hydrazine sulfate was evaluated using24-hour dietary recalls and body weight determinations before and
after 30 days of either placebo or hydrazine(60 mg, 3 times/d) oral administrationin 101heavilypretreated
cancer patients with weight loss. After 1 month 83% of hydrazine and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P < 0.05). In additio% appetite im-
provement was more frequent in the hydrazirregroup (63% ~ersus25%, P < 0.05). Although caloric intake
was only slightly greater ht hydrazine-treated patients, an increasedcaloric intake was more commonly
associated with weight gain in patients reeeiving hydrazhte compared with those receiving placebo (81%

versus 53%, respectively). Hydrazhre toxicity was mild, with 71% of patients reporting ❑ o toxic effects.
Hydrazine sulfate circulatory levels were obtained from a subset of 14 patients who completed 30 days
of treatmen~ with a single sample obtained in the morning at least 9 hours after the last dose. Mean
maintenance hydrazine sulfate levei%determined using a spectrofluorometnc assay, ranged from Oto 89
rig/ml (mean 45 t 16 rig/ml). These data which demonstrate an association between 1 month of hydrazine

v,

sulfate administration and body weight maintenance in patients with cancer, suggest future clinical trials
of hydrazine sutfate are indicated to definitively assess its long-term impact on important clinical outcome
parameters in defined cancer populations.

Cancer 59:406-410, 1987.

WEIGHT Loss commonly accompanies cancer de-
velopment and is associated with an adverse
“ 1-3Although intensive caloric SUppOrt now Canprognosis.

be provided such patients, clinical trials evaluating caloric
provision alone have not repot-ted improved outcome for
chemotherapy-treated populations with advanced can-
cer. M As a result, consideration of potential mechanisms
underlying the development of weight loss in the cancer
population has led to development of alternative strategies
for clinical intervention in these patients. Altered glucose
metabolism is a common metabolic abnormality in cancer
patients with weight 10SS,7-13and it has been suggested
that the inappropriate activation of pathways of glucose

metabolism leads to futile cycling and cachexia devel-
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opment in this population. 14lf this hypothesis is correct,
amelioration of the abnormal carbohydrate metabolism
could provide a therapeutic approach to the adverse out-
come associated with cachexia development in the cancer-
bearing host.

We previously demonstrated that hydrazine sulfate is
metabolically active, improving the abnormal glucose
tolerance and reducing the increased glucose production
rates seen in cancer patients with weight loss. 13We now
report clinical observations on short-term hydrazine sul-
fate use in a cancer population with weight loss using a
prospective placebo-controlled study design.

Materials and Methods

The criteria for inclusion in this trial were: a diagnosis
of advanced cance~ weight loss greater than 10% from
usual body weight; absence of severe hepatic or renal dys-
function (bilirubin greater than 3 mg/dl and/or creatinine
greater than 2 mg/dl); and normal mental status. Patients
with a known history of diabetes mellitus or those receiv-
ing corticosteroid therapy were ineligible. Patients with
ascites or clinically significant edema were not entered to
avoid confounding weight determinations. Patients were
entered either prior to receiving systemic chemotherapy
or when a new systemic therapy program was initiated

406
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for disease progression. Measurable disease parameters
were not required, and concurrent chemotherapy was
permitted, Both initial and repeat assessment of all study
parameters, however, were conducted at least 2 days be-
fore and 4 weeks after chemotherapy’ administration.

After informed consent was obtained, patients under-
went an initial assessment of nutritional parameters, in-
cluding caloric intake as described below. Patients sub-
sequently were treated with capsules containing hydrazine
sulfate (60 mg) or placebo which were prepared by Ana-
bolic, Inc. (hvine, California). Hydrazine sulfate was given
under lND i 7, 671 from the Food and Drug Adminis-
tration (FDA) (obtained by Dr. Chlebowski). All insti-
tutional requirements for human subjects review were
met. The treatment program consis~ed of an escalating
schedule of capsules containing either hydrazine sulfate
or placebo until the full dosage of 60 mg, 3 times/d given
before meals, was reached beginning on the 8th day. This
program was based on the extensive Russian experience.15
Patients were contacted weekly to assess compliance and
kept daily compliance diaries. The validity of daily com-
pliance diaries was checked against intake based on re-
turned prescription bottles. Following 30 days of either

.–agent, the assessment of body weight, caloric intake, and
ther parameters was repeated.
During the initial and repeat evaluation, all patients

received determination of body weight measured on the
same printing scale; anthropometrics, including tncep
skinfold thickness, mid-arm muscle circumference, and
serum albumin; caloric intake using a 24-hour dietary
recall history obtained by nutritionists and computer an-
alyzed to give protein, carbohydrate, fat, and energy con-
tents of the diet. Expected caloric intake was nomlalized
for each patient by weightbased on a calculated recom-
mended daily allowance (RDA). Toxic effects of treatment
and influence on appetite were determined by question-
naire.

1ssa subset of 14 patients, blood samples for hydrazine
sulfate circulatory levels were obtained as a morning sam-
ple taken at least 9 hours from the last oral dose following
30 days of treatment. Hydrazine sulfate levels were mea-
sured using a defined)bq)’ s~ctrofluorometric assay in
which reaction of hydrazine sulfate with dimethylami-
nobenzaldehyde produces a colored derivative. Fluores-
cence was subsequently determined in an Aminco Bow-
man (Silver Spring, MD) spectrophotofluorometer :,ith
an excitation wavelength of 466 nm and emission wave-
length of 546 nm.

All patients were given defined, uniform dieta~ coun-

“ selling based on nutritional status at entry to insure com-

parability of dietary information available to patients on

hydrazine or place~ treatment. The nutritional guidelines

dl patients wet-e provided with were designed to duplicate
a routine clinical dietary assessment that would be ex-

‘~ petted to ~ a component of a cancer patient’s standard
;: ;

TABLE 1, Pretreatment Characteristics of Cancer Patients Receiving

Hydrazine Sulfate or Placebo

Treatment received

Hydrazine Placebo

Number entered 71 30

Age in years
Median 59
Range 3?.77 36-77

Sex (% Male) 61% 65%

Diseaw type
Lung 46 15
Colon 13 4
Other breast 4 3
Esophagus 2 3
Nasopharyngeal 3 1
Hepatocellular 1 2
Ovarian 2 I
Prostate o 1

Performance score
(Oorl) 14% 23%
(2 or 3) 86% 77%

Nutritional status
% Weight loss (mean) I7% I4%

Caloric intake
>90% of RDA 39% 4t%
<90% of RDA 61% 59%

Albumin grn/dl (Mean) 3.4 3.3

Concurrent chemothempy 78% 74%

RDA: recommended daily allowance

clinical management. Enteral tube feedings or parenteral
nutritional support was not given any patient while on
study.

A totalof101 patients with advanced cancer underwent
initial evaluation. Sixty-one consecutive patients (includ-
ing all 30 patients given placebo and 31 given hydrazine)
were randomly assigned treatment in a double-blind fash-
ion with treatment assignment based on published rarr-
dom-number tables. An additional 40 patients received
hydrazine sulfate and represented a consecutive stries of
patients seen in the Clinical Research Center meeting en-
try criteria for the trial. Statistically significant differences
between hydrazine and placebo groups relative to pre-
treatment clinical factors were sought using chi square
contingency table analyses and Student’s 1 test. The sta-
tistical differences between hydrazine and placebo treat-
ment were determined using the two-group t test.

Results

A total of101 patients with a variety of advanced can-
cers underwent initial evaluation. Patients reeeiving hy-
drazine sulfate or placebo were comparable with respect
to tumor type, age, sex, wforrnan~ score} nutrition~

parameters and chemotherapy experience (Tables 1 and
2). The compromised nutritional status of the study POP-
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TABLE 2. Concurrent Chemotherapy of Cancer Patients Receiving
Hydraxine Sulfate or Ptacebo Aczordirsg to Di- TYPC

Study arm

Chemotherapy given Hydrazine Placebo

Lung cancer (n) 46 Is
PACCO 15 4
PVB 12
ACCO 9 ;
ACO 2 0
No chemotherapy 8 2

Colon cancer (n) 13 4
5-F-U 2 1
5-FU + vitamin K 7 1
No chemotherapy 4 2

Other disease sites (n)* 12 II
No chemotherapy 4 3

P cisplatin (Platinol~ A: doxorubicin, (Adriamycink C cyclophos-
phamide; c CCNU: O. vincristine (Oncovirrk 5-R-J: 5-fluorouracil; V.
vinblastin~B:bleomycin;5-FU+ titK 5-fluorounwdPIUSvitamin KJ
(Synkavite).

● The patients with other disease sites received a variety of regimens
which included cisplatin in 62% and 50% of instances for the hydraxine
and placebo group, respectively.

ulation is demonstrated by the 16% average weight loss
experienced by the overall population. Of this advanced
disease population with weight loss, 58 patients were able
to complete repeat evaluations afler 30 days of treatment
(41 were given hydrazine; 17, placebo). Early disease pro-
gression and/or death accounted for almost all cases not
having repeat study. Only two patients refused repeat
evaluation.

The influence of 30 days of hydrazine sulfate or placebo

therapy on study parameters for all entered patients who
underwent repeat evaluation is outlined in Table 3. Weight
was maintained or increased in a higher proportion of
patients receiving hydrazine sulfate compared to placebo
therapy (83% versus 53%, respectively; P< 0.05). The use
of weight loss as a study parameter was not compromised
by the development of ascites or significant edema, as this
did not occur in any patient over the 30 day period of

TABLE 3. Influence of 30 Days of Hydrazine Sulfate or Placebo on
Nutritional Status of Cancer Patients With Weight Loss

Hydrazine Placebo
n= 4]* n=17

Weight maintained or
increased (>2.5 kg) 83?&t 53%

Improvement in appetite 63%t 25%
Caloric inrake increased

(> 10%over baseline) 51% 37%
Increased catoric intake

associated with weight
gain (>2.5 kg) 81%f 53%

● Number completing initial and repeat study.
t P< 0.05 hydraz.ine compared to placebo group.

observation. Anthropometrics were unchanged over the
30-day study period. Caloric intake was only slightly
higher in the hydrazine treated population. When all pa-
tients experiencing an increase in caloric intake were con-
sidered, however, weight gain was seen in a significantly
higher proportion of patients receiving hydrazine sulfate
while increasing caloric intake compared with those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were CIOSCIY conmmbie in
the 31patients entered as part of the mndomized trial
when compared with the 40 patients added as a consec-
utive series. The results for the patients receiving hydmzine
or placebo who were entered as part of the randomized
trial were: weight maintained or increased, 71% ~er.su.s
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus 37’ZO;and increased caloric
intake associated with weight gain, 77% Versus 53% for
the hydrazine versus placebo patients respectively. In ad-
dition, results in groups receiving or not receiving con-
current chemotherapy reflected those obtained in the en-
tire group,

Thirty-five patients with cancer other than small cell
lung cancer (the predominant tumor type studied) com-
pleted serial evaluation, with 26 receiving hydrazine sul-
fate and nine receiving a placebo. In the lung cancer pa-
tients, weight maintenance or increase was achieved in
83% of those receiving hydrazine sulfate compared with
33% of those receiving the placebo.

The short term hydrazine sulfate regimen used in this
trial was well tolerated by study participants. Compliance
forms were returned by 90% of patients who completed
repeat evaluations, and indicated that 95% of the sched-
uled dose was taken by the study population completing
30 days of therapy. The mean maintenance plasma hy-
drazine sulfate levels obtained from a subset of 14 patients
ranged from O to 89 rig/ml with a mean value of 45 t 16
ngJml. Clinical toxicity of patients receiving hydrazine
sulfate was limited largely to mild to moderate nausea
and lightheadedness with 71% of patients reporting no
toxic effects from hydrazine use (Table 4). Treatment was
discontinued for toxic effects in 10%of patients receiving
hydrazine; while 6% of patients receiving placebo had
treatment stopped for “toxic effects.” Significantly, par-
asthesias or hypoglycemic symptoms were not reported
by any patient receiving hydrazine in this trial.

Discussion

Short-term administration of hydrazine sulfate was
better than a placebo in maintaining body weight and
improving appetite in patients with advanced cancer in
the current clinical experience. The weight effect appar-
ently resulted from an increase in the effectiveness of the
ingested calories, since a higher proportion of patients

{



_—.
-t HYDRAZINE SULFATE IN CANCER CACHEXIA “ Chlebow’ski et al. 409

who increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have reportedfs between weight maintenance and
improved glucose metabolism in hydrazine-treated cancer
patients suggests that interruption of abnormal metabolic
pathway function may underlie the improved nutritional
status seen with hydrazine sulfate in the current trial. If
this hypothesis can be confirmed, hydrazine sulfate could
represent one of a new class of metabdic/hormonal
agents 19-21directed at influencing the abnormal metab-
olism seen frequently in patients with cancer.

No prior clinical experience with hydrazine sulfate in
cancer patients has prospectively evaluated caloric intake
or included a placebo control population. Single-arm
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parameters. 15’22
In the American experience, Gold22 reported that 70’%of
the treatment group demonstrated subjective improve-
ment, including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or decreased pain, as measured
by need for analgesics. In the Russian experience,
Gershonovich15’23reported that 50% of patients receiving

_&drazine sulfate aS their Wle therapeutic intervention.=— .
Lievedmoderate or marked improvement in cachexia

with associated favorable symptomatic effkcts on appetite
and pain. Not all clinical studies ofhydrazine sulfate have
shown benefit. In three small trials of hydrazine sulfate
(all entering less than 30 patients) where reduction in tu-
mor size was used as a major therapeutic endpoint, little
benefit was reported. 2+26The clinical efkcts of hydrazine
sulfate on body weight observed in the current study in
conjunction with the metabolic effects of hydrazine that
we reported in 1984*2now provides a strong rationale for
further studies designed to assess the impact of hydrazine
sulfate on clinical outcome in defined cancer populations.

Surprisingly, thirty-seven percent of weight-losing can-
cer patients given placebo in this trial increased their ca-
loric intake by more than 10%, and 53% of the placebo
group maintained or increased their body weight over the
1-month observation period. This result in the placebo
population may have been related to the nutritional
counseling that was given in identical fmhion to patients
on both treatment arms in this study. Placebo controls
clearly are important in trials designed to alter and assess
nutritional parameters in cancer populations.

The study protocol employed in our trial was not de-
signed to assess the influence ofhydrazine sulfate on tumor

__.qowth characteristics. The short 30day period of treat-
“ient and entry criteria preclude assessment of hydrazine

-ulfate influence on this parameter. Almost all of our pa-
tients with advanced solid tumors refractory to initial
therapy, however, demonstrated no change in tumor di-
mensions during the 1-month period of observation.

TABLE 4. Patient Tolerance of Hydmzine
Sulfate or Placeb Treatment

% of Patients Treated

Hydrazine Placebo

No toxic effeets 71% 84%
Nausea and vomiting

Mild 12% I~~

Moderate 5% O%
Light-headedness 17% 6%
Treatment discontinued for toxic effects 10% 6%

The relative lack of toxicity of short-term hydrazine
sulfate administration in a 60 mg 3 times/d schedule to
a large cancer population receiving other concurrent che-
motherapy treatment was noteworthy. In the previous
limited clinical experience,15’22s23only one re~rt hm em-
phasized significant toxicity; Ochoa and coworkers24 re-
ported a 50% incidence of polyneuritis associated with
hydrazine sulfate use in a 29-patient experience. In three
trials 15,22’25and the present report, polyneuritis was seen

in less than 1% of the more than 500-patient cumulative

experience. The lack of toxicity in the current experience
can be documented further by the good compliance re-
ported by the patients in their diaries. The latter result is
interesting considering the somewhat wide range of hy-
drazine sulfate maintenance circulatory levels observed
in the pharrnacokinetic component of this trial. However,
these results are consistent with developing pharmaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration. 17These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulatory levels to as-
tsesshydrazine sulfate bioavailability and permit correla-
tion with metabolic, nutritional and clinical endpoints.

Conclusion

This experience with hydrazine sulfate in an advanced
cancer population points to a potential role for this agent
in maintaining weight in patients with cancer cachexia.
Whether maintenance of body weight under these con-
ditions will be associated with improvement in important
clinical outcome variables and overall survivat will require
future prospective, long-term, p!acebo-controlled evalu-
ation in cancer populations with less advanced disease
given defined systemic therapy. Such studies in the non-
small cdl lung cancer population are currently in progress.
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Use of Hydrazine Sulfate in Terrrtinal and Preterminal Cancer
Patients: Results of Investigational New Drug (IND) Study in

84 Evaluable Patients
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Key Words. Hydrazine sulfate therapy in advanced cancer patients Treatment of ad-
vanced human cancer with anti-gluconeogenic drugs . Interruption of cancer cachexia
as a means of cancer chemotherapy Interruption of gluconeogenesis as a means of

.—. cancer chemotherapy

Abstrrzcf. In a series of 84 various evaluable disseminated cancer patients treated with
hydrazine sulfate as a result of a pharmaceutical-sponsored investigational new drug (fND)
study, it was found that 59/84 or 70 % of the cases improved subjectively and 14/84 or
17 % improved objectively. Subjective responses included increased appetite with either
weight gain or cessation of weight loss, increase in strength and improved performance
status and decrease in pain. Objective responses included measurable tumor regression,
disappearance of or decrease in neopkistic-associated disorders and long-term (over 1 year)
‘stabilized condition’. Of the overall S9 subjective improvements 25 (42 %) had no concur-
rent or prior (within 3 months) anticancer therapy of any type. Of the 14 objective im-
provements 7 (50 %) had no concurrent or prior anticancer therapy. Of the remaining cases
in which there was either concurrent or prior anticancer therapy, improvements occurred
ordy after the addition of hydrazine sulfate to the treatment regimen. Duration of improve-
ment was variable, from temporary to long-term and continuing. Side effects were mild,
comprising forthemostpartlow incidenceofextremityparesthesia,nausea,pruritkand
drowsiness;therewasnoindicationof bone marrow depression.

Hydrazine sulfate has been used as an investigational new drug (IND) for
over 1 year in the treatment of advance-d cancer. Its proposed mechanism of
action is as a gluconeogenic blocking agent at the phosphoenolpyruvate carboxy-
kinase (PEP CK) reaction, attenuating host energy loss as a result of increased
gluconeogenesis in cancer and therefore interrupting the sysrernic cycle of ru-
rnor-erre~ gain–host-enetgy loss (tumor growth-host cachexia) ( 1, 2). Early
reports indicated that hydrazine sulfate, administered orally to advanced cancer
patients, resulted in marked subjective and objective improvements (3), subjec-
tive improvements including increase in appetite, cessation of weight loss and/or

“, :-,



Gold 2

weight gain, improved performance status, and decrease in pain; objective im-
provements included measurable reduction in tumor size and reduction in or
disappearance of neoplastic-associated disorders (effusions, jaundice, etc.). Dura-
tion of improvements was reported as variable and side effects, minimal. In
further reports (4), in which hydrazine sulfate was used in conjunction with
conventional chemotherapy in patients with disseminated neoplasia, it was un-
clear as to which type of therapy resulted in the reported subjective and objec-
tive improvements. The present report, undertaken as a pharmaceutical-spon-
sored ND study and representing a series of 84 evaluable cases of various
terminal and preterminrd cancer patients, indicates a high degree of artticancer
activity in patients treated with hydrazine sulfate alone.

Procedures attd Protocols

Physician selection, This study was the result of separate inputs of many clinicians –

oncologists as well as others – whose participation was under pharmaceutical IND sponsor-
ship. As such, this study is designated as ‘uncontrolled’.

Pcrtienr selection, Patients with any type of disseminated neoplasia, who no longer
responded to chemotherapy and/or radiation, were considered eligible for hydrazine sulfate
therapy. A minimum prognosis of 2 months was recommended.

Drugand protocol. The drug consisted of 100 % purity hydrazine su~ate mixed with
an inert starch in capsular form (pharmaceutical lND preparation) for oral administration.
Protocol of drug administration was as follows: 60 mg q.d. X 4; 60 mg b.i.d. X 4; then
60 mg t. id. as maintenance. In patients weighing less than 50 kg, dosages were hatved (i.e.,
30 mg q.d. X 4; 30 mg b.i.d. X 4; then 30 mg t.i, d.). In the event that a b.i.d. schedule
produced satisfactory results, this dosage schedule was maintained at the clinician’s discre-
tion. In no event was a single dosage ever to exceed 60 mg,

Concurrent anticancer medication. The continuing use of concurrent anticancer medi-
cation was acceptable if it was no longer producing a demonstrable anticancer effect by
itself.

Data presentation, A 4-sheet &ta page (’Patient Report Form’) was required to be
completed by the clinician during the course of treatment of each patient. These data sheets
included the following information: detailed history, site of tumor and metastasis, prior
treatments (defined in this study as any type of anticancer therapy given within 3 months of
the initiation of hydrazine sulfate therapy; prior treatment data included dates of therapy,
types and quantitation), concurrent medications, performance status evaluation, objective
tumor size and site evaluations, subjective observation ratings and check list, laboratory
data, clinician’s statement of patient evaluation prior to hydrazine sulfate therapy, clini-
cian’s statement of evaluation of results of hydrazine sulfate therapy, cfinician’s evaluation
of side effects of hydrazine sulfate therapy, and clinician’s signature.

Criteria jor designation as Improvement ~ Designation of subjective improvements was
made on the baws of improvements indicated in the subjective observations rating check list
and~or affirmation of improvement in the clinician’s statement under ‘clinician evaluation’
section. In general a subjective improvement was based on a quantitatively measurable or
estimable parameter such as strength (number of hours ambuhtory, quality of ambulation,
etc.), appetite (food intake), weight (wale measurement) and pain (quantitative need for
analgesics). Objective improvements were designated on the basis of measurable reduction in

,,. .
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tumor size, long-term (1 year or more) ‘stabihr.ed condition’ in a previously rapidly growing
neoplasm, and disappearance of or reduction in neoplastic-associated disorders, Each case in

,, this category was to be supported by related laboratory measurements, where possible.
Criten”afor desi~arion as ‘nonevahabie’, Cases were deleted from evaluation for any

of the following reasons: (a) inadequate prognosis: patient survival of less than 3 weeks;
(b) inadequate drug trial: drug trial of 1sss than 3 weeks; (c) insufTrcient data submitted on
Patient Report Form: no evaluation possible, and (d) concurrent treatment with newly
initiated cytotoxic chemotherapy: patient response nonevaluable.

Results

( Of a total number of 158 cases submitted in the study, 84 were evaluable

and 74 nonevaluable, Of the evaluable cases 14 (17 Yo) were categorized as
,,><, ‘objective (and subjective) improvement’, 45 (54 Yo) as ‘subjective improvement

only’, and 25 (30 %) as ‘no improvement’. The irtdicated overall improvement

Table 1. Categorization of evafuable cases in Investigational New Drug study of hydra-
zirse sulfate

Site and/or type Object ive Subjective No Total
of primary tumor and improvement improvement cases

subjective Ortfy
improvements

b

Brain (astro, gfio)
Breast (aU)
Colorectal-gastric
GaUbladder
Hodgkins, stage IV
Liver (primary)
Lung (afl)
Melanoma
Neurosarcoma (neck)
ovary (au)
Pancreas
primary unknown
Restate

2
2
2
1
0
0
2
0
0
1
1
0
0

0
6
12
0
0
0

11
1
1
3
4
2
1

0
2
8
0
2
1
2
2
0
1
3
0
2

2
10
22

1
2
1

15
3
1
5
8
2
3

Squamous ceU (neck) o 1 0 1
Testis o 1 0 1
Tonsif (pafatine) 1 0 0 1
Urinary bladder, ureter o 1 2 3
Uterus (cerwix) 1 1 0 2
Uterus (endometnal) 1 0 0 1

4
Total 14 45 25 84

r.



Gold 4

Table II. Nonevaluable cases: reasons for exclusion from evaluation

hradequate prognosis Inadequate drug trial, insufficient New concurrent Total
suMval time, weeks weeks on drug data cytotoxic cases

chemotherapy

O-1 1-2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
1 J [ 1

31 25 15 3 74

rate was 59/84 cases, or 70 %. of the nonevaluable cases, 31 (42 ‘%)were in-

cluded under ‘inadequate prognosis’, 25 (34%) under ‘inadequate drug trial’, 15
(20 %) under ‘insufficient data’, and 3 (4%) under ‘newly initiated cytotoxic
chemotherapy’. Categorization of evaluable and nonevaluable cases is given in
tables I and II, respectively.

‘Improvements’
Improvements were noted in tumors from almost all of the 19 reported sites

of origin. No particular site of origin or tumor type was ‘most susceptible’ to

hydrazine sulfate therapy, although the largest number of cases came from colo-
rectal and lung carcinoma, which reflects the general incidence of these diseases
in the population. The duration of improvement was variable, being reported
from very temporary (1 week) to in excess of 1 year and continuing. It was
possible to obtain follow-up reports in only less than half of the improved cases.

Objective responses. Of the 14 reported objective responses, 7 (50%)
showed measurable tumor regression; 2 of these were accompanied by a disap-
pearance of or reduction in neoplastic-associated disordem (effusions, jaundice,
etc.). An additional 2 (14 $ZO) of the 14 cases were classified as longterm ‘stabi-
lized condition’, both of which represented pretenninal lung cancers whose dis-
ease had been rapidly progressive prior to hydrazine sulfate therapy. They are
currently both alive and well 17 and 18 months after initiation of hydrazine
sulfate therapy, respectively; neither are on any kind ofconcurrentanticancer

therapy.The remainderof the5 (36%) caseswere classifiedasobjectivere-

sponseson thebasisofameliorationofneoplastic-associateddisorders,accom-

paniedby markedsubjectiveimprovements.(Inthisregardall14casesshowed

subjectiveimprovements.)AN objectiveresponseswere alsoaccompaniedby

tumor-relatedlaboratoryimprovements,wheremeasured.

Subjective responses. A tobl of 45 cases displayedsubjective improvements

only; this number, added to the foregoing 14 cases, gave a combined total of 59
subjectively improved cases. 48 (81 %) of these showed an increase in appetite
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Table 1[1. Response analysis in improved cases

No con- Concur- Concur- Concur- Concur- Prior Prior Prior Total
current rent rent rent rent cyto- steroid radia- cases
or prior anti- steroid steroid steroid toxic therapy tion
ant i- cancer therapy and and therapy therapy
cancer (incl. Ordy prior prior
therapy cyto- cyto- radlation

toxic) toxic therapy
therapy therapy

Objective 3 1- 1 1 1 14
responses (5:%) (21%) (7%) (7%) - (7 %) (7 %)

Subjective 18 17 5 1- 3- 1 45
responses (40%) (38%) (11%) (2%) (7 %) (2 %)

with either weight gain or a cessation of weight loss. 48 (81 %) showed an
improvement in performance status as measured by an increase in strength,

=-bulation or both. And 21 (36 %) showed a decrease in pain as measured by a
.inuted need for analgesics.

Ongoing concurrent (or prior) anticancer fhflapy. VtiOUS oftheimproved

cases were treated with either steroids and/or cytotoxic chemotherapy and/or

radiation, prior to initiation of hydrazine sulfate therapy, as indicated in

table HI. hr all these cases the noted improvements occurred afrer the addition
of hydrazine sulfate to the therapy. In regard to the objective responses 7 (50 ‘%)
of the 14 cases were treated with hydrazine sulfate alone, without concurrent or

prior anticancer therapy of any type, while 7 (50%) of the cases did receive
concurrent or prior anticancer therapy. In the subjective-only responses, 18/45
or 40% of the c~es were treatedonlywith hydrazine sulfate, Withoutcorrcur-
rent or prior anticancer therapy, while 27 of the cases (60 70) did receive concur-
rent or prior anticancer therapy.

‘NoImprovements’
Of the 25 ‘no improvement’ cases 2 (8%) expired within 3–4 weeks after

irtitia}ion of hy(lrazine sulfate therapy; 2 (8 %) had very little information in

their Patient Report Form so that actual categorization became difficult; 9

(36 %) had a drug trial of only 3–4 weeks, and 14 (56%) had concurrent anti-

cancer therapy which consisted of cytotoxic drugs, radiation, steroids or combi-

Mtions thereof. in onr’y J cases were these foregoing considerations not a factor,
Le., the patient had ~ adequate prognosis and drug trial, had no concurrent or
Prior anticancer therapy, and had sufficient information submitted on his Pa-
tient Report Form to SUppOrt a categorization of ‘no improvement’.

.
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Nonevaluable Cases
The general breakdown of categories of the 74 nonevaluable cases is given

above and in table II. Of a total of 31 of these cases excluded from evaluation
because of inadequate prognosis (survival time), 11 died within 1 week of initia-
tion of hydrazine sulfate therapy, 22 died within 2 weeks, and the full 31 died
within 3 weeks. Of a total of 25 additional cases excluded from evaluation for
reasons of inadequate drug trial, 8 were on drug for only 1 week or less, 14 were
on drug for 2 weeks or less, and the full 25 were on drug for 3 weeks or less.
Thus, of the 56 cases excluded from consideration for the foregoing two rea-
sons, 19 had a survival time or drug trial of 1 week or less, 36 had a survival time

or drug trial of 2 weeks or less, and the full number – 56 – had a survival time
or drug trial of 3 weeks or less.

Side Effects
Side effects were determined on the basis of evaluable cases only and were

in general mild. They comprised: extremityparesthesirs (5 %); this condition
was diminished or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin B6) in excess of 25 mg daily; nausea (4 %), in
most casestransient; nontransient nausea was eliminated by a reduction of dos-
age or withdrawal of medication for a period of several days, then reinstitution
of treatment at lower dosage levels; dry skin or transient pmritis (3 $ZO); ‘dizzi-
ness’ (1 %); ‘drowsiness’ (1 %); possible thrombophlebiris (1 Yo) (it was not
known whether this condition was drug-related). The total evaluable cases show-
ing side effects numbered 13/84 or an overall 15 %. There were no deaths
attributable to hydrazine sulfate therapy, either in the evaluable or in the non-
evaluable cases.

Discussion

It is important that a detailed analysis of a study of this nature include not
only the obviously improved cases as a result of hydrazine sulfate administra-
tion, but also the nonirnproved and nonevaluable cases. Such factors as poor
patient and clinician selection as well as inadequate protocol planning, must be
assessedas to their quantitative contribution to the latter two categories.

Nonimproved and Nonevatuable Cases
Lack of proper patient selection, via inadequate patient prognosis and inade-

quate drug trial, contributed heavily to the large number of nonevaluable and
nonimproved cases, Minimum protocol-recommended prognosis was 2 months,
yet as many as 3 1/74 or 42 % of the nonevaluable cases were so designated
because of a suMval time of 3 weeks or less, while in the nonirnproved category
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2/25 or 8 % of the cases had a survival time of only 3–4 weeks. ln addition, as

many as 25/74 or 34 % of the nonevaluable cases were so designated because of

an inadequate drug trial (3 weeks or less), while 9125 or 3670 of the nonim-

proved cases had a drug trial of only 3--4 weeks. Thus, in the nonevaluable

category the number of combined inadequate prognosis and inadequate drug

trial cases totaled 56/74 or 76 %, while in the nonimproved catego~ the number
of combined cases of ‘borderline-acceptable’ survival time and drug trial
(3–4 weeks) totaled 11/25 or 44%. Such large percentages, representing inade-
quate prognosis and inadequate drug trial, must be attributed chiefly to imprope-
r patient selection and not to the occasional misevaluations which arise in any
study.

Lack of proper clinician selection was also an apparent factor in this study,
manifest chiefly in those cases in which too little information was submitted. In
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and 40 % (18/45) of the subjective-only responses were also the result of hydra-
zine sulfate therapy alone. This constitutes strong prima faciae evidence indica-
ting hydrazine sulfate to be a clinically active anticancer agent in itself. It is
important to remember that even in those cases which received concurrent or
prior anticancer therapy, the noted improvements occurred only after the addi-
tion of hydrazine sulfate to the treatment regimen. Thus, whether as a sole agent
or in combination with other agents, administration of hydrazine sulfate to
advanced cancer patients is linked to marked anticancer responses.

Moreover, hydrazirre sulfate is apparently not a ‘tumor-specific’ agent, as
can be seen from table I. Virtually all types of cancer – especially those which
ultimately promote a degree of host cachexia – are apparently susceptible to its
actions. Reports, in addition to those of this study, which have reached this
laboratory, indicate that the spectrum of disease beneficially affected by hydra-
zine sulfate extends to cancers arising from all organ systems and/or tissues in
the body. The most dramatic responses reported to date have been those with
primary lung neoplasms, although this observation may prove to be premature as
more and earlier cases are reported.

The duration of improvement has been unpredictable, but has generally
been longer in those cases responding objectively (as well as subjectively). Some
of the responses have been of very shofl duration. But others have been quite
lengthy. To date three cases in this study – two primary lung and one ovarian –
are alive 17, 18 and 21 months after institution of hydrazine sulfate therapy
alone, respectively; all three were previously considered terminal or preterrninal.
Preliminary indications suggest that the improvements brought about hy hydra-
zine sulfate therapy – whether objective or subjective – have been accompanied
by extension in survival time and that the quality of this survival time was high:
patients who had obtained objective response and/or increased appetite, strength
and decreased pain as a result of hydrazine sulfate therapy, were reported to
have been restored to a more positive orientation toward living.

The duration of improvement may also be related to the degree of advance-
ment of the disease. The patients in this study were in general in the very latest
stages of disease, yet there were many improvements, some of which were
marked. However, it is generally regarded that any modality of anticancer thera

py has its best chances of success when used early in the course of disease. And
this is probably true of hydrazine sulfate. There would seemingly be no disad-
vantage in instituting hydrazine sulfate therapy early in the course of disease,
especially in those cases where the ultimate clinical course is virtually unaffected
by any known therapeutic modality. Moreover, since the toxicity of hydrazine
sulfate is apparently of a low order of magnitude, unlike many of the cytotoxic

drugs whose ‘side effects’ can produce extreme patient discomfort and death, it
would seem prudent to investigate the effect of this drug on early patients,
rather than use it at the very last stages as a ‘resurrective’ type of therapy. If
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positive responses can be obtained in terminal patients – as indicated in this

study – it seems only reasonable that a greater degree of positive response could
6e expezted in early patients, as is the case with many other anticancer modali-
ties.

Side Effects
The side effects of hydrazine sulfate are indeed of a very minor nature as

reported in this study, with the possible exception of ‘t~rpidity’ or ‘drowsiness’#,-.

1“ w~ch had less than a 1 % incide~ce and occu-rredonly in ~ery-advanced bedrid-
j; den case(s). The most frequent side effect, occurring usually after the 6th week
: of therapy, appears to be the development of mild extremity paresthesia, partic-

L

. ularly of the fingers and toes. This condition reportedly can be diminished or
: eliminated by dosage reduction and/or addition of vitamin Bc (in excess of
‘~25 mg daily) to the regimen. Other side effects such as nausea, pruritis, etc.,
(.appe~ to be transient in nature and not a clinical problem, with few exceptions.

[ngeneral, since hydrazine sulfate is not a cytotoxic agent, there have been none
~fthe severeside effects of these drugs reported with its use, and this is especial-
}..true of hematopoietic-suppressive effects. Hydrazine sulfate does not depress

:“bone marrow. On the contrary, several of the cases of this study with
mnced prostatic or breast cancer showed net elewrtkms in hemoglobin, hemat-

Xrit and platelets within 2 weeks of initiation of treatment. This observation
w been confirmed in many case reports not a part of this study and thus is in
i.
~ntrast to the cytotoxic drugs, one of the prime limitations of which are their
kmatosuppressive effects. Finally, hydrazine sulfate has not been demonstrated

nically to possess immunosuppressive properties, although this must await

!eiiflcation by further basic studies.
p-
(;. Concluding Remurk
&j Hydrazine sulfate therapy is a new type of chemotherapy. Its clinical use at
~sent represents a beginning. Whether a study with any new drug is positive or
Wgative,it must always be evaluated in terms of the ‘state of the art’. Hydrazine

fate represents the first of a class of new agents designed to interrupt host.,
~icipation in cancer. C)ther agents in this class now in development may prove
Q be far superior to hydrazine sulfate. In addition, adjunctive agents to hydra-
!hMsulfate therapy may also prove to be very important. In this respect it has

~~eady been learned by this laboratory that administration of a substance inter-
[&fig with triglyceride synthesis, can greatly potentate the anticancer action of
$,hydrazine sulfate (paper in preparation). For these types of reasons it must be
::e~. ~~~ed that the clinical potential of hydrazine sulfate-like d~gs in Cmcer
~z~. only j~t begun to be explored, and much t%rther work lies ahead before a
~+~re comprehensive understuriing of their ultimate anticancer potential be-

%nes clear.
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Hydrazine Sulfate in Cancer Patients With Weight Loss

A Piacebo-Controlled Clinical Experience

ROWAN T. CHLEBOWSKI, MD, PHD,* LINDA BULCAVAGE, MN, RN,* MARY GROSVENOR, RD, MS,t

RAYNELLE TSUNOKAI, BS,* JEROME B. BLOCK, MD,* DAVID HEBER, MD, PHD,$

MICHELLE SCROOC, RD,t JOAN S. CHLEBOWSKI, MD,5 JOCELYN CHI, MD,*

ENGIN OKTAY, MD,$ STEVE AKMAN, MD,* AND ISHRAT ALI, MD5

Hydrazine sulfate was evaluatedusing 24-hour dietary recalls and body weight determinations before and
after 30 days of either ptaceboor hydrazine(60 mg, 3 times/d) oral administrationin 101 heavily pretreated
cancer patients with weight loss. After 1 month, 83% of hydrazine and only 53% of placebo patients
completing repeat evaluation maintained or increased their weight (P < 0.05). In additiom appetite im-
provement was more frequent in the hydrazhre group (63% versus25%, P < 0.05). Althoughcaloric intake
was only slightly greater in hydrazhre-treatedpatients, an increased caloric intake was more commonly
associated with weight gain in patients receiving hydrazine compared with those receiving placebo (81%
rersu$53%, respectively). Hydrazine toxicity was mild, with 71% of patients reporting no toxic effects.
Hydrazine sulfate circulatory levels were obtained from a subset of 14 patients who completed 30 days
of treatmen~ with a single sample obtained in the morning at least 9 hours after the last dose. Mean
maintenance hydrazine sulfate level%determined using a spectrofluorometric assay, ranged from Oto 89
rig/ml (mean 45 + 16 rig/ml). These dat%which demonstrate an association between 1 month of hydrazine

v

sulfate administration and body weight maintenance in patients with cancer, suggest future ctinical trials
of hydrazine sulfate are indicated to definitively assess its long-term impact on important clinical outcome
parameters in de6ned cancer populations.

Cancer 59:406-410, 1987.

WEIGHT Loss commonly accompanies cancer de-
velopment and is associated with an adverse

prognosis. ‘-3Although intensive caloric support now can
be provided such patients, clinical trials evaluating caloric
provision alone have not reported improved outcome for
chemotherapy-treated populations with advanced can-
cer.= As a result, consideration of potential mechanisms
underlying the development of weight loss in the cancer
population has led to development of alternative strategies
for clinical intervention in these patients. Altered glucose
metabolism is a common metabolic abnormality in cancer
patients with weight IOSS,7-]3and it has been suggested
that the inappropriate activation of pathways of glucose
metabolism leads to futile cycling and cachexia devel-
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14 lf thi5 h~thesis iScorr~~opment in this population.
amelioration of the abnormal carbohydrate metabolism
could provide a therapeutic approach to the adverse out-
come associated with cachexia development in the cancer-
bearing host.

We previously demonstrated that hydrazine sulfate is
metabolically active, improving the abnormal glucose
tolerance and reducing the increased glucose production
rates seen in cancer patients with weight loss. 13We now
report clinical obsavations on short-term hydrazine sul-
fate use in a cancer population with weight loss using a
prospective placebo-controlled study design.

Materials and IWethods

The criteria for inclusion in this trial were: a diagnosis
of advanced cancen weight loss greater than 109’ofrom
usual body weight; absence of severe hepatic or renal dys-
function (bilirubin greater than 3 mgJdl and/or creatinine
greater than 2 mgJdl); and normal mental status. Patients
with a known history of diabetes mellitus or those receiv-
ing corticosteroid therapy were ineligible. Patients with
ascites or clinically significant edema were not entered to
avoid confounding weight detenrninations. Patients were
entered either prior to receiving systemic chemotherapy
or when a new systemic therapy program was initiated
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for disease progression. Measurable disease parameters
were not required, and concurrent chemotherapy was
permitted. Both initial and repeat assessment of all study
parameters, however, were conducted at least 2 days be-
fore and 4 weeks after chemotherapy administration.

After informed consent was obtained, patients under-
went an initial assessment of nutritional parameters, in-
cluding caloric intake as described below. Patients sub-
sequently were treated with capsules containing hydrazine
sulfate (60 mg) or placebo which were prepared by Ana-
bolic, Inc. (Irvine, California). Hydrazine sulfate was given
under IND 17, 671 from the Food and Drug Adminis-
tration (FDA) (obtained by Dr. Chlebowski). All insti-
tutional requirements for human subjects review were
met. The treatment program consisted of an escalating
schedule of capsules containing either hydrazine sulfate
or placebo until the full dosage of 60 mg, 3 times/d given
before meals, was reached beginning on the 8th day. This
program was based on the extensive Russian experience.*s
Patients were contacted weekly to assess compliance and
kept daily compliance diaries. The validity of daily com-
pliance diaries was checked against intake based on re-
turned prescription bottles. Following 30 days of either

.—.agent, the assessment of body weight, caloric intake, and
ther parameters was repeated.

During the initial and repeat evaluation, all patients
received determination of body weight measured on the
same printing scale; anthropometrics, including tncep
skinfold thickness, mid-arm muscle circumference, and
serum albumin; caloric intake using a 24-hour dietary
recall history obtained by nutritionists and computer an-
alyzed to give protein, carbohydrate, fat, and energy con-
tents of the diet. Expected caloric intake was normalized
for each patient by weight based on a calculated recom-
mended daily allowance (RDA). Toxic effects of treatment
and influence on appetite were determined by question-
naire.

In a subset of 14 patients, blood samples for hydrazine
sulfate circulatory levels were obtained as a morning sam-
ple taken at least 9 hours from the last oral dose following
30 days of treatment. Hydmzine sulfate levels were mea-
sured using a definedlb’17 spectrofluorometric assay in
which reaction of hydrazine sulfate with dimethylami-
nobenzaldehyde produces a colored derivative. Fluores-
cence was subsequently determined in an Aminco Bow-
man (Silver Spring. MD) spectrophotofluorometer with

an excitation wavelength of 466 nm and emission wave-
length of 546 nm.

All patients were @en defined, uniform dietary coun-
*lling based on nutritional status at entry to insure com-
PruzMity of dietary information available to patients on
hydrazine or placebo treatment. The nutritional guidelines
d patien~ were provided with were designed to duplicate

a routine clinical dietary assessment that would be ex-

~ed to be a component of a cancer patient’s standardc.-
.$.

T:,3.-
. ..!.,.

TABLE 1. Pretreatment Characteristi~ of Cancer Patients Receiving
Hydrazine Sulfate or Placebo

Treatment received

Hydrazine Placebo

Number entered 71 30

Age in years
Median
Range

Sex (% Male)

Disease type
Lung
Colon
Other breast
Esophagus
Nasopharyngeal
Hepatocellular
ovarian

Prostate

37.77

61%

46
13
4
2
3

59
36-77

65%

15
4
3
3
1
2
1
I

Performance score
(Oorl) 14% 23%
(2 or 3) 86% 77%

Nutritional status
‘%Weight loss (mean) 17% 14%

Caloric intake
290% of RDA 39% 41%
<90% of RDA 61% 59%

Albumin gm/dI (Mean) 3,4 3.3

Concurrent chemothempy 78% 74%

RDA: recommended daily atlowance.

clinical management. Enteral tube feedings or parenteral
nutritional support was not given any patient while on
study.

A total of101 patients with advanced cancer underwent
initial evaluation. Sixty-one consecutive patients (includ-
ing all 30 patients given placebo and 31 given hydrazine)
were randomly assigned treatment in a double-blind fash-
ion with treatment assignment based on published ran-
dom-number tables. An additional 40 patients received
hydrazine sulfate and represented a consecutive series of
patients seen in the Clinical Research Center meeting en-
try criteria for the trial. Statistically significant differences
between hydrazine and placebo groups relative to pre-
treatment clinical factors were sought using chi square
contingency table analyses and Student’s / test. The sta-
tistical differences between hydrazine and placeh treat-
ment were determined using the two-group [ test.

Results

A total of101 patients with a variety of advanced can-
cers underwent initial evaluation. Patients receiving hy-
drazine sulfate or placetxr were comparable with respect
to tumor type, age, sex, performance score, nutritional
parameters and chemotherapy experience (Tables 1 and
2). The compromised nutritional status of the study pop-
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TABLE 2. Concurrent chemotherapy of Canar Patients Receiving
Hydmzine Sulfate or Ptacebo According to Disease TYTX

Study arm

Chemotherapy given Hydrazine Placebo

Lung cancer (n) 46 15
PACCO 15 4
PVB 1~ 7
ACCO 9 2
ACO 2 0
No chemotherapy 8 2

Colon cancer (n) 13 4
5-FU 2 1
5-FU + vitamin K 7 I
No chemotherapy 4 2

Other di.sea.wsites (n)* 12 II
No chemotherapy 4 3

P cisplatin (Platinol} A: doxorubicin, (Adriamycinh C: cyclophos-
phamidq c CCNU; O. virscristine (Orrcovinl S-m S-fluorouracil; V
vinblastinq B: bleomycin; 5-H-J + tit k 5-fluorouracil plus vitamin KJ
(Synkavite).

● The patients with other disease sites received a variety of regimens
which included cisplatin in 62% and 50% of instances for the hydmzine
and placebo group, respectively.

ulation is demonstrated by the 16% average weight loss
experienced by the overall population. Of this advanced
disease population with weight loss, 58 patients were able
to complete repeat evaluations aller 30 days of treatment
(41 were given hydrazine; 17, placebo). EarlY disease pro-

gression and/or death accounted for almost all cases not
having repeat study. Only two patienm refused repeat
evaluation.

The influence of 30 days of hydrazine sulfate or placelm
therapy on study parameters for all entered patients who
underwent repeat evaluation is outlined in Table 3. Weight
was maintained or increased in a higher proportion of
patients receiving hydrazine sulfate compared to placebo
therapy (83% versus 53%, respectively P< 0.05). The use
of weight loss as a study parameter was not compromised
by the development of ascites or significant edema, as this
did not occur in any patient over the 30 day period of

TABLE 3. Influence of 30 Days of Hydmzine Sulfate or Placebo on

Nutritional Status of Cancer Patients With Weight Loss

Hydrazine Placeb
n= 41* n=ll

Weight maintained or
increasd (>2.S kg) 83%t 53%

Improvement in appetite 63%t 25%
Caloric intake increased

(> 10% over baseline) 51% 37%
Increased caloric intake

associated with weight
gain (>2.5 kg) - 81%? 53%

● Number completing initial and repeat study.
t P< 0.05 hydrazine compared to placebo group

observation. Anthropometrics were unchanged over the
30-day study period. Caloric intake was only slightly
higher in the hydrazine treated population. When all pa-
tients experiencing an increase in dOriC intake were con-
sidered, however, weight gain was seen in a s@tificantly

higher proportion of patients receiving hydr-=ine sulfate
while increasing caloric intake compared with those who
increased caloric intake while receiving placebo. The re-
sults using hydrazine sulfate were closely compamble in
the 31 patients entered as part of the mndomized trial
when compared with the 40 patients added as a consec-
utive series. The results for the patients receiving hydtine
or placebo who were entered as part of the mndomized
trial were: weight maintained or increased, 71% Verws
53%; improvement in appetite, 63% versus 25%; caloric
intake increased, 69% versus37%; and increased caloric
intake associated with weight gain, 77% Versus53% for
the hydrazine versus placebo patients respectively. In ad-
dition, results in groups receiving or not receiving con-
current chemotherapy reflected those obtained in the en-
tire group.

Thirty-five patients with cancer other than small cell
lung cancer (the predominant tumor type studied) com-
pleted serial evaluation, with 26 receiving hydrazine sul-
fate and nine receiving a placebo. In the lung cancer pa-
tients, weight maintenance or increase was achieved in
83% of those receiving hydrazine sulfate compared with
33% of those receiving the placebo.

The short term hydrazine sulfate regimen used in this
trial was well tolerated by study participants. Compliance
forms were returned by 90% of patients who completed
repeat evaluations, and indicated that 95% of the sched-
uled dose was taken by the study population completing
30 days of therapy. The mean maintenance plasma hy-
drazine sulfate levels obtained from a subset of 14 patients
ranged from O to 89 rig/ml with a mean value of 45 t 16
ngjml. Clinical toxicity of patients receiving hydrazine
sulfate was limited largely to mild to moderate nausea
and lightheadedness with 7 l% of patients reporting no
toxic effects from hydrazine use (Table 4). Treatment was
discontinued for toxic effects in 10%of patients receiving
hydrazine; while 6% of patients receiving placebo had
treatment stopped for “toxic effects.” Significantly, par-
asthesias or hypoglycemic symptoms were not reported
by any patient receiving hydrazine in this trial.

Discussion

Short-term administration of hydrazine sulfate was
better than a placebo in maintaining body weight and
improving appetite in patients with advanced cancer in
the current clinical experience. The weight effect appar-
ently resulted from an increase in the effectiveness of the
ingested calories, since a higlser propofiion of patients
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who increased their caloric intake on hydrazine were able
to maintain or improve their body weight. The association
that we have reportedfg between weight maintenance and
improved glucose metabolism in hydrazine-treated cancer
patients suggests that interruption of abnormal metabolic
pathway function may underlie the improved nutritional
status seen with hydrazine sulfate in the current trial. If
this hypothesis can be confirmed, hydrazine sulfate could
represent one of a new class of metabolic/horn30nal
agents’g-zi directed at influencing the abnormal metab-
olism seen frequently in patients with cancer.

No prior clinical experience with hydrazine sulfate in
cancer patients has prospectively evaluated caloric intake
or included a placebo control population. Single-arm
studies involving 348 Russian and 84 American patients
with cancer have emphasized subjective parameters. 15’2Z
In the American experience, Gold22 reported that 70% of
the treatment group demonstrated subjective improve-
ment, including increased appetite with either weight gain
or cessation of weight loss, increased strength and im-
proved performance status, or decreased pain, as measured
by need for analgesics. In the Russian experience,
Gershonovichl ‘“23reported that 50% of patients receiving

~&_drazine sulfate aS their Wle therapeutic intervention

iieved moderate or marked improvement in cachexia
vnth associated favorable symptomatic effkct.son appetite
and pain. Not all clinical studies of hydrazine sulfate have
shown benefit. In three small trials of hydrazine sulfate
(all entering less than 30 patients) where reduction in tu-
mor size was used as a major therapeutic endpint, little
benefit was reported. 2+26The clinical efkcts ofhydrazine
sulfate on body weight observed in the current study in
conjunction with the metabolic effkcts of hydrazine that
we reported in 198412now provides a strong rationale for
further studies designed to assess the impact ofhydmzine
sulfate on clinical outcome in deftned cancer populations.

Surprisingly, thirty-seven percent of weight-losing can-
cer patients given placebo in this trial increased their ca-
loric intake by more than 10%, and 53% of the placebo
group maintained or increased their body weight over the
1-month observation period. This result in the placebo
population may have been related to the nutritional
counseling that was given in identical fisshion to patients
on both treatment arms in this study. Placebo controls
clearly are important in trials designed to alter and assess
nutritional parameters in cancer populations.

The study protocol employed in our trial was not de-
signed to assess the influence of hydrazine sulfate on tumor

~ growth cha~cteristics. The short 30day period of treat-
%lent and entry criteria preclude assessment of hydrazine
,ulfate influence on this parameter. Almost all of our pa-
tients with advanced solid tumors refmctory to initial
therapy, however, demonstrated no change in tumor di-
mensions during the 1-month period of observation.

TABLE4. Patient Tolerance of Hydrazine
Sulfate or Placebo Treatment

% of Patients Treated

Hydmzine Placebo

No toxic effects 71% 84%
Nausea and vomiting

Mild 1~% 1~q

Moderate 5% O%
Light-headedness I7% 6%
Treatment discontinued for toxic effects 10% 6%

The relative lack of toxicity of short-term hydrazine
sulfate administration in a 60 mg 3 times/d schedule to
a large cancer population receiving other concurrent che-
motherapy treatment was noteworthy. In the previous
limited clinical experience, 15’22’23only one rePort has em-
phasized significant toxicity; Ochoa and coworkers24 re-
ported a 50% incidence of polyneuritis associated with
hydrazine sulfate use in a 29-patient experience. In three
tn~si 5.22.25 and the presentreport,polyneuritis was ~n

in less than 1% of the more than 500-patient cumulative
experience. The Iack of toxicity in the current experience
can be documented further by the good compliance re-
ported by the patients in their diaries. The latter result is
interesting considering the somewhat wide range of hy-
drazine sulfate maintenance circulatory levels observed
in the pharmacnkinetic component of this trial. However,
these results are consistent with developing pharmaco-
kinetic information regarding the half-time of oral hy-
drazine sulfate administration. 17These data suggest that
future clinical trials involving hydrazine sulfate should
include determination of chronic circulator levels to as-
sess hydrazine sulfate bioavailability and permit correla-
tion with metabolic, nutritional and clinical endpoints.

Conclusion

This experience with hydrazine sulfate in an advanced
cancer population points to a potential role for this agent
in maintaining weight in patients with cancer cachexia.
Whether maintenance of body weight under these con-
ditions will be associated with improvement in important
clinical outcome variables and overall survival will require
future prospective, long-term, placebo-controlled evaht-
ation in cancer populations with less advanced disease
given defined systemic therapy. Such studies in the non-
smatl cell lung cancer population are currently in progress.
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Abstract. In a series of 84 various evahsabledisseminated cancer patients treated with
hydrazine sulfate as a result of a pharmaceutical-sponsored investigationalnew drug (IND)
study, it was found that 59/84 or 70 % of the cases improved subjectively and 14/84 or
17 % improved objectively. Subjective responses included increased appetite with either
weight gain or cessation of weight loss, increase in strength and improved performance
status and decrease in pain. Objective responses included measurable tumor regression,
disappearance of or decrease in neoplastic-associated disorders and long-term (over 1 year)
‘stabilized condition’. Of the overall S9 subjective improvements 25 (42 %) had no concrsr-
rent or prior (within 3 months) anticancer therapy of any type. Of the 14 objective im-
provements 7 (50 %) had no concurrent or prior anticancer therapy. Of the remaining cases
in which there was either concurrent or prior anticancer therapy, improvements occurred
ordy after the addition of hydrazine sulfate to the treatment regimen. Duration of improve
ment was variable, from temporary to long-term and continuing. Side effects were mild,
comprising for the most part low incidence of extremity paresthesia, nausea, pruritis and
drowsiness; there was no indication of bone marrow depression.

Hydrazine sulfate has been used as art investigational new drug (IND) for
over 1 year in the treatment of advanced cancer. Its proposed mechanism of
action is as a gluconeogenic blocking agent at the phosphoertolpyntvate carboxy -
kinase (PEP CK) reaction, attenuating host energy loss as a result of increased
gluconeogenesis in cancer and therefore interrupting the sysrernic cycle of fu-
mor-erre~ gain–host-energy loss (tumor growth-host cachexia) (1, 2). Early
reports indicated that hydrazine sulfate, administered orally to advanced cancer
patients, resulted in marked subjective and objective improvements (3), subjec-
tive improvements including increase in appetite, cessation of weight loss and/or

~_-—.-.
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weight gain, improved performance status, and decrease in pain; objective im-
provements included measurable reduction in tumor size and reduction in or
disappearance of neoplastic-associated disorders (effusions, jaundice, etc.). Dura-
tion of improvements was reported as variable and side effects, minimal. In
further reports (4), in which hydrazine sulfate was used in conjunction with
conventional chemotherapy in patients with disseminated neoplasia, it was un-
clear as to which type of therapy resulted in the reported subjective and objec-
tive improvements. The present report, undertaken as a pharmaceutical-spon-
sored IND study and representing a series of 84 evaluable cases of various
terminal and preterminal cancer patients, indicates a high degree of anticartcer
activity in patients treated with hydrazine sulfate alone.

Proceduresand Protocols

Phy$ician sefecriorr. This study was the result of separate inputs of many clinicians –

oncologists as well as others - whose participation was under pharmaceutical IND sponsor-
ship. As such, this study is designated as ‘uncontrolled’.

Patient sefecriors. Patients with any type of disseminated neoplasia, who no longer
responded to chemotherapy aesd/or radiation, were considered eligible for hydrzzine sulfate
therapy, A minimum prognosis of 2 months was recommended.

Drug and prorocol. The drug consisted of 100 % purity hydrazine sulfate mixed with
an inert starch in capsular form (pharmaceutical IND preparation) for oral administration.
Protocol of drug administration was as follows: 60 mg q.d. X 4;60 mg b.i.d.X 4; then
60 mg t.i.d. as mamtenance. In patients weighing less than 50 kg, dosages were halved (i.e.,
30 mg q.d. X 4; 30 mg b.i.d. X 4; then 30 mg t.i.d. ). In the event that a b.i.d. schedule

produced satisfactory results, this dosage schedule was maintained at the clinician’s discre-
tion. In no event was a single dosage ever to exceed 60 mg.

Concurrent anticancer medication. The continuing use of concurrent anticancer medi-

cation was acceptable if it was no longer producing a demonstrable anticancer effect by
itself.

Data presentation. A 4-sheet data page (’Patient Report Form’) was required to be
completed by the clinician during the course of treatment of each patient. These data sheets
included the following information: detailed history, site of tumor and metastasis, prior
treatments (defined in this study as any type of anticancer therapy given within 3 months of
the initiation of hydrazine sulfate therapy; prior treatment data included dates of therapy,
types and quantitation), concurrent medications, performance status evaluation, objective
tumor size and site evaluations, subjective observation ratings and check list, laboratory
data, clinician’s statement of patient evaluation prior to hydrazine sulfate therapy, clini-
cian’s statement of evaluation of results of hydrazine sulfate therapy, clrnician’s evaluation
of side effects of hydrazine sulfate therapy, and clinician’s signature.

Cn”ten’afor desi~ation as ‘improvement’. Designation of subjective improvements was
made on the basis of improvements indicated in the subjective observations rating check list
and, or aftlrmation of improvement in the clinician’s statement under ‘cfinician evaluation’
section. In general a subjective Improvement was based on a quantitatively measurable or
estimable parameter such as strength(nurn&rofhours ambulatory, quality of ambulation,
etc. ), appetite (food intake), weight (~a]e measurement) and pain (quantitative need for
analgesics). objective improvementsWeredeS@atedonthebasisof measurable reduction in

.,
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tumor size, long-term (1 year or more) ‘stabilized condition’ in a previously rapidly growing
neoplasm, and disappearance of or reduction in neoplastic-associated disorders. Each case m

‘. this category was to be supported by related laboratory measurements, where possible.

Crireria for designation as ‘nonevaluable’. Cases were deleted from evaluation for any
of the following reasons: (a) inadequate prognosis: patient survival of less than 3 weeks;
(b) inadequate drugtrial:drugtrialof1:ssthan3 weeks;(c)insuf?lcientdatasubmittedon
PatientReportForm: no evaluation possible, and (d) concurrent treatment with newly
initiated cytotoxic chemotherapy: patient response nonevaluable.

Results

, Of a total number of 158 cases submitted in the study, 84 were evaluable
and 74 nonevahtable. Of the evahtable cases 14 (17 Yo) were categorized as

,>., ‘objective (and subjective) improvement’, 45 (54 %) as ‘subjective improvement
only’, and 25 (30%) as ‘no improvement’. The indicated overall improvement

Table 1. Categorization of evaluable cases in Investigational New Drug study of hydra-
zirte sulfate

Site and/or type Objective Subjective No Total
of primary tumor and improvement improvement cases

subjective only
improvements

Brain (astro, gfio)
Breast (aIf)
Colorectal-gastric
Gallbladder
Hodgkins, stage IV
Liver(primary)
Lung (all)
Melanoma
Neurosarcoma (neck)
ovary (afl)
Pancreas
primary unknown
Prostate
Squamous cell (neck)
Testis
Tonsil (palatine)
Urinary bladder, ureter
Uterus (cemix)
Uterus (endometrial)

2
2
2
1
0
0
2
0
0
1
1
0
0
0
0
1
0
1
1

0
6

12
0
0
0

11
1
1
3
4
2
1
1
1
0
1
1
0

0
2
8
0
2
1
2
2
0
1
3
0
2
0
0
0
2
0
0

2
10
22

1
2
1

15
3
1
5
8
2
3
1
1
1
3
2
1

Total 14 45 25 84
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Table II Nonevaluable cases: reasons for exclusion from evaluation

Inadequate prognosis Inadequate drug trial, Insufficient New concurrent Total
suMvaf time, weeks weeks on drug data cytotoxic eases

chemotherapy

O-1 1-2 2-3 0-1 1-2 2-3

11 11 9 8 6 11
L I I J

31 25 15 3 74

rate was 59/84 cases, or 7070. Of the nonevaluable cases, 31 (42 %) were in-

cluded under ‘inadequate prognosis’, 25 (34 ‘%)under ‘inadequate drug trial’, 15

(20 %) under ‘insufficient data’, and 3 (4 70) under ‘newly initiated cytotoxic
chemotherapy’. Categorization of evaluable and nonevaluable cases is given in
tables I and H, respectively.

‘Improvements’
Improvements were noted in tumors from almost all of the 19 reported sites

of origin. No particular site of origin or tumor type was ‘most susceptl%le’to
hydrazine sulfate therapy, although the largest number of cases came from colo-
rectal and lung carcinoma, which reflects the general incidence of these diseases
in the population. The duration of improvement was variable, being reported
from very temporary (1 week) to in excess of 1 year and continuing. It was
possible to obtain follow-up reports in only less than half of the improved cases.

Objective responses. Of the 14 reportedobjectiveresponses,7 (50‘lb)

showed measurabletumorregression;2 ofthesewereaccompaniedby a disap-

pearanceoforreductioninneoplastic-associateddisorders(effusions,jaundice,

etc.).An additional2 (14?k)of the14caseswereclassifiedaslongterm‘stabi-

lizedcondition’,bothofwhichrepresentedpreterminallung cancers whose dis-
ease had been rapidly progressive prior to hydrazine sulfate therapy. They are
currently both alive and well 17 and 18 months after initiation of hydrazine
sulfate therapy, respectively; neither are on any kind of concurrent anticancer
therapy. The remainder of the 5 (36%) cases were classified as objective re-
sponses on the basis of amelioration of neoplastic-associated disorders, accom-
panied by marked subjective improvements. (In this regard all 14 cases showed
subjective improvements.) AN objective responses were also accompanied by
tumor-related laboratory improvements, where measured.

Subjective responses. A totalOf45 cases displayed subjective improvements
only; this number, added to the foregoing 14 cases, gave a combined total of 59
subjectively improved cases. 48 (81 ~) of these showed an increase in appetite
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Table III. Response analysis in improved cases

No con- Concur- Concur- Concur- Concur- Prior Prior Rior Total
current rent rent rent rent cyto- steroid radia- cases
or prior anti- steroid steroid steroid toxic therapy tion
ant i- cancer therapy and and therapy therapy
cancer (incl. only prior prior
therapy cyto- cyto- radiation

toxic) toxic therapy
therapy therapy

Objective 7 3 1- 1 1 1 14
responses (50%) (21%) (7 %) (7%) - (7 %) (7 %)

Subjective 18 17 5 1- 3- 1 45
responses (40 %) (38 %) (11 %) (2%) (7 %) (2 %)

with either weight gain or a cessation of weight 10SS. 48 (81 %) showed an

improvement in performance status as measured by an increase in strength,

.-bulation or both. And 21 (36 %) showed a decrease irt pain as measured by a
.inuted need for analgesics.
Ongoing corrctorent (or prior) anticancer therapy. Various of the improved

cases were treated with either steroids and/or cytotoxic chemotherapy and/or

radiation, prior to initiation of hydrazine sulfate therapy, as indicated in
table III. In all these cases the noted improvements occurred afrer the addition
of hydrazine sulfate to the therapy. In regard to the objective responses 7 (50%)
of the 14 cases were treated with hydrazine sulfate alone, without concurrent or
prior anticancer therapy of any type, while 7 (50%) of the cases did receive
concurrent or prior anticancer therapy. In the subjective-only responses, 18/45
or 40% of the cases were treated only with hydrazine sulfate, without concur-
rent or prior antic~cer therapy, while 27 of the cases (60 Yo) did receive concur-
rent or prior anticancer therapy.

‘No Improvements’
Of the 25 ‘no improvement’ cases 2 (8 %) expired within 3–4 weeks after

initia~ion of hydrazirre sulfate therapy; 2 (8 $ZO) had very little information in
their Patient Report For-m so that actual categorization became difficult; 9
(36 %) kd a drug tri~ Ofonly 3–4 weeks, and 14 (56%) had concurrent anti-
cancer therapy which consisted of cytotoxic drugs, radiation, steroids or combi-
mtions thereof. in only 5 cases were these foregoing considerations not a factor,
i.e., the patient had ~ adequate prognosis and drug trial, had no concurrent or
priO1antic~mr therapy, and had sufficient information submitted on his Pa-
tient Report Form to wppofi a categotiation of ‘no improvement’.

J.,

‘-,
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Nonevaluable Cases
The general breakdown of categories of the 74 nonevaluable cases is given

above and in table II. Of a total of 31 of these cases excluded from evaluation
because of inadequate prognosis (survival time), 11 died within 1 week of initia-
tion of hydrazine sulfate therapy, 22 died within 2 weeks, and the full 31 died
within 3 weeks. Of a total of 25 additional cases excluded from evaluation for
reasons of inadequate drug trial, 8 were on drug for only 1 week or less, 14 were
on drug for 2 weeks or less, and the full 25 were on drug for 3 weeks or less.
Thus, of the 56 cases excluded from consideration for the foregoing two rea-
sons, 19 had a survival time or drug trial of 1 week or less, 36 had a survival time
or drug trial of 2 weeks or less, and the full number – 56 – had a survival time
or drug trial of 3 weeks or less.

Side Effects
Side effects were determined on the basis of evaluable cases only and were

in general mild. They comprised: extremity paresthesia (5 fZO);this condition

was dirnirdshed or eliminated by a reduction of dosage and/or administration of
pyridoxine hydrochloride (vitamin B6) in excessof 25 mg daily; nausea (4 %), in
most cases transient; nontransient nausea was eliminated by a reduction of dos-
age or withdrawal of medication for a period of several days, then reinstitution
of treatment at lower dosage levels; dry skin or transienr pruritis (3 70); ‘dizzi-
ness’ (1 %); ‘drowsiness’ ( 1 %); possible fhrombophfebiris (1 %) (it was not
known whether this condition was drug-related). The total evaluable cases show-
ing side effects numbered 13/84 or an overall 1570. There were no deaths
attributable to hydrazine sulfate therapy, either in the evrduable or in the non-
evaluable cases.

Discussion

It is important that a detailed analysis of a study of this nature include not
only the obviously improved cases as a result of hydrazine sulfate achninistra-
tion, but also the nonimproved and nonevaluable cases. Such factors as poor
patient and clinician selection as well as inadequate protocol planning, must be
assessedas to their quantitative contribution to the latter two categories.

Nonimproved and Nonevaluable Cases
Lack of proper patient selection, via inadequate patient prognosis and inade-

quate +.rugtrial, contributed heavily to the large number of nonevaluable and
nonimproved cases. Minimum protocol-recommended prognosis was 2 months,
yet as many as 31/74 or 42 % of the nonevaluable cases were so designated
because of a SUMVSItie of 3 weeks or less, whiIe in the nonimproved category
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2/25 or 892 of the cases had a survival time of only 3–4 weeks. ln addition, as

many as 25/74 or 34 !% of the nonevaluable cases were so designated because of

an inadequate drug trial (3 weeks or less), while 9/25 or 36 ~6 of the nonirn-

proved cases had a drug trial of only 3+ weeks. Thus, in the nonevaluable
category the number of combined inadequate prognosis and inadequate drug
trial cases totaled 56/74 or 76 %, while in the nonimproved category the number
of combined cases of ‘borderline-acceptable’ survival time and drug trial
(3–4 weeks) totaled 11/25 or 44 %. Such large percentages, representing inade-
quate prognosis and inadequate drug trial, must be attributed chiefly to improp-

er patient selection and not to the occasional misevaluations which arise in any
study.

Lack of proper clinician selection was also an apparent factor in this study,
manifest chiefly in those cases in which too little information was submitted. In
the nonevaluable category as many as 15/74 or 20% of the cases were so
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and 40 % (18/45) of the subjective-only responses were also the rewlt of hydra-
zine sulfate therapy alone. This constitutes strong prima factie evidence indica-

ting hydrazine sulfate to be a clinically active anticancer agent in itself. It is

important to remember that even in those cases which received concurrent or
prior anticancer therapy, the noted improvements occurred ordy after the addi-

tion of hydrazine sulfate to the treatment regimen. Thus, whether as a sole agent
or in combination with other agents, administration of hydrazine sulfate to

advanced cancer patients is linked to marked anticancer responses.

Moreover, hydrazine sulfate is apparently not a ‘tumor-specific’ agent, as
can be seen from table 1. Virtually all types of cancer – especially those which
ultimately promote a degree of host cachexia – are apparently susceptible to its
actions. Reports, in addition to those of this study, which have reached this

laboratory, indicate that the spectrum of disease beneficially affected by hydra-
zine sulfate extends to cancers arising from all organ systems arrd/or tissues in

the body. The most dramatic responses reported to date have been those with
primary lung neoplasms, although this observation may prove to be premature as
more and earlier cases are reported.

The duration of improvement has been unpredictable, but has generally
been longer in those cases responding objectively (as well as subjectively). Some
of the responses have been of very short duration. But others have been quite
lengthy. To date three cases in this study – two primary lung and one ovarian –
are alive 17, 18 and 21 months after institution of hydrazine sulfate therapy
alone, respectively; all three were previously considered terminal or preterminal.
Preliminary indications suggest that the improvements brought about hy hydra-
zine sulfate therapy – whether objective or subjective – have been accompanied
by extension in survivrdtime and that the quality of this survival time was high:
patients who had obtained objective response and/or increased appetite, strength
and decreased pain as a result of hydrazine sulfate therapy, were reported to
have been restored to a more positive orientation toward living.

The duration of improvement may also be related to the degree of advance-
ment of the disease. The patients in this study were in general in the very latest
stages of disease, yet there were many improvements, some of which were

marked. However, it is generally regarded that any modrdity of anticancer thera-
py has its best chances of success when used eurfy in the course of disease. And
this is probably true of hydrazine sulfate. There would seemingly be no disad-
vantage in instituting hydrazine sulfate therapy early in the course of disease,
especially in those cases where the ultimate clinical course is virtually unaffected
by any known therapeutic modality. Moreover, since the toxicity of hydrazine
sulfate is apparently of a low order of magnitude, urdike many of the cytotoxic
drugs whose ‘side effects’ can produce extreme patient discomfort and death, it
would seem prudent to investigate the effect of this drug on early patients,
rather than use it at the very last stages as a ‘resurrective’ type of therapy. If
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positive responses can be obtained in terminal patients – as indicated in this

study – it seems only reasonable that a greater degree of positive response could ~,

6e expected in early patients, as is the case with many other anticancer modali- “ Ii
.,L

ties.
3$
I $T

Side Effects
The side effects of hydrazine sulfate are indeed of a very minor nature as

reported in this study, with the possible exception of ‘torpidity’ or ‘drowsiness’
which had less than a 1 % incidence and occurred only in very advanced bednd-

“[

3: “

den case(s). The most frequent side effect, occurring usually after the 6th week
k
[.

of therapy, appears to be the development of mild extremity paresthesia, partic- $’
ularly of the fingers and toes. This condition reportedly can be diminished or $-
eliminated by dosage reduction and/or addition of vitamin BG (in excess of .+-

“d-
&25 mg daily)_to th~regimen. Other side effects such as nausea, pruritis, etc.,

?appear to be transient in nature and not a clinical problem, with few exceptions.
‘ngeneral, since hydrazine sulfate is not a cytotoxic agent, there have been none
if the severeside effects of these drugs reported with its use, and this is especial-~
Y true of hematopoietic-suppressive effects. Hydrazine sulfate does not depress

:“bone marrow. On the contrary, several of the cases of this study with
&anced prostatic or breast cancer showed net elevarwns in hemoglobin, hemat-
Xxit and platelets within 2 weeks of initiation of treatment. This obsematiort
ias been confirmed in many case reports not a part of this study and thus is in
~ntrast to the cytotoxic drugs, one of the prime limitations of which are their
iematosuppressive effects. Finally, hydrazine sulfate has not been demonstrated
~cally to possess immunosuppressive properties, although this must await
~etilcation by further basic studies.

?> C2mcludingRemark
Y:%?.Hydmz~e sulfate therapy is a new type of chemotherapy. Its clinical use at
~sent represents a beginning. Whether a study with any new drug is positive or
k?gative,it must always be evrduated in terms of the ‘state of the art’. Hydrazine
~ate represents the jirst of a class of new agents designed to interrupt host

rticipation in cancer. other agents in this class now in development may prove
~ be far superior to hydrazine sulfate. In addition, adjunctive agents to hydra-
@ sulfate therapy may also prove to be very important. In this respect it has

?&eady been learned by this laboratory that administration of a substance irtter-2$
\.fering with triglyceride synthesis, can greatly potentate the anticancer action of

~~hydrazine sulfate (paper in preparation). For these types of reasons it must be
;;emphasized Mat the clinical potential of hydrazirre sulfate-like drugs in cancer

~MS. only just begun to be explored, and much further work lies ahead before a
&~re comprehensiveUn&rStanciingof their ultimate anticancer potential be-

$Xnesclear.
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