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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

SEP 2 4 1o

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES
ME DUM

SUBJECT: Hydrogen Cvanamide: PP #OF3868 - Reguest for an
Exemption From the Requirement of a Tolerance and a
Request for Registration of Dormex (Hydrogen Cyanamide)
on Dormant Grape Vines (34555-E)

Tox. Chemical No.: 140
PC No,: . 014002
DP Nos.: D185537, D185564
Submission Nos.: 85430887, 5430950

William B. Greear, M.P.H. ',}J_Qm R:)imc..., "?I}?/'-‘;j
Review Section IV, Toxicology Branch I

Health Effects Division (H7509C)

Joanne Miller/Eugene Wilson, PM Team #23
Fungicide-Herbicide Branch
Registration Division (H7505C)

VO
Marion P. Copley, D.V.M., Section Head [@W,ﬂ/y%

Review Section IV, Toxicology Branch I %
Health Effects Division (H7509C)

and
Karl P. Baetcke, Ph.D.

Chief, Toxicology Branch I 2
Health Effects Division (H7509C) Zj

CONCLUSIONS:

The .toxicity data base supports the registration of Dormex
{Hydrogen Cyanamide) for a food or non-food use on dormant
grape vines. The data base does nut however, support an
exemption from tolerance. The Carcinogenicity Peer Review
Committee (CPRC) determined that Hydrogen Cyanamide is a
group C carcinocgen (see Section X. B.)

REQUESTED ACTION:

RD has requested that several new toxicological studies on
Hydrogen Cyanamide be reviewed in order to establish an
exemption from the requirement of a tolerance. The new
studies submitted are:
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Primary Dermal Irritation Study (MRID #415665-02, study

#891330/STB 4/SE)

28-Day Range finding in Rats (MRID #422029-02, study
#2319-123)

Chronic Toxicity in Rats (MRID #421784-04, study # HLA
2319-125)

Reproduction sStudy in Rats (MRID #415665-04, study
#2319-126)

Metabolism (MRID #421784-07)
85-2 Dermal Absorption (MRID #415040-04, study #HIA 6265-100)

In addition several addenda were submitted to upgrade or
clarify existirg studies,

ITI. PRODUCT INFORMATION:

Hydrogen Cyanamide is a plant growth regulator which has
been approved for use on grapes under several Section 18
Emergency Exemptions. It has properties similar to
disulfiram (Antabuse®) which is used to treat chronic
alcoholism. The following synonyms pertain to Hydrogen
Cyanamide: Carbamide, Carbodiimide, Dormex®, Amidocyanogen

Cyanogenamide, SKW 83010 and Alzodef®,

Calcium Cyanamide is rapidly and quantitatively converted to
Hydrogen Cyanamide in solution and at the pH of human and
rodent gut. Thus, oral carcinogenicity/toxicity tests
conducted with administration of Calcium Cyanamide are
interchangeable with those that are dosed with Hydrogen
Cyanamide, and were therefore used as supporting data for
this chemical.

The current Caswell (or Tox. Chem.) Number of Hydrogen
Cyanamide is 140., The current Caswell Number of Calcium
Cyanamide if 140A'. The Chemical Abstract Registry Number
(CAS No.) of Hydrogen Cyanamide is 420-04-2. The PC Code
for Hydrogen Cyanamide is 014002, and the PC Code for
Calcium Cyanamide is 014001.

The structure of Hydrogen Cyanamide is presented below:
H,NC=N

1 There is some confusion in the old DERs and TOX one-liners as to the

Caswell Number for these substances. In some cases they have been used
interchangeably. Outdated Caswell Numbaers for Hydrogen Cyanamide are 485A and
266B. The new updated Caswell numbers superaede these,
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IV. REQUIREMENTS FOR TERRESTRIAL FOOD - USE (40 CFR 158.440)

Hydrogen Cyznamide #140
Updated: September, 1983

Technjcal: Required Satisfied

8l-1 Acute Oral Toxicity

81-2 Acute Dermal Toxicity

81-3 Acute Inhalation Toxicity
81-4 Primary Eye Irritation

81-5 Primary Dermal Irritation
81-6 Dermal Sensitization

81-7 acute Delayed Neurotox. (hen)

LI S

w

82-1 Subchronic Oral (rodent)

82-1 Subchronie Oral (nonrodent)
82-2 ?1-pDay Dermal

82-3 + ~Day Dermal

82-4 v. Day Inhalation

82-5 90-Day Neurotoxicity (hen})
82-6 90-Day Neuroctoxicity (mammal)

LI
-

B3-1 Chronic Toxicity (rodent)
83~1 Chronic Toxicity (nonrodent)
83-2 Oncogenicity (2 species)
83«5 Teratougenicicy (2 species)
83-4 Reproduction

83-5 Chronic/Oncogenicity

EN Y

>

1 g =S S

84-2 Mutagenicity - Gene Mutation

84-2 Mutagenicity - Struct. Chrom. Aber.

84-2 Mutagenicity - Qther Genotoxic
Effects

85-1 General Metabolism

85-2 Dermal Penetration

86-1 Domestic Animal Safety

>

ZE o

X - Yes; N - No.

2 alse required for end-use product. (Note: ¢the technical is also the
end-use product).

The chronic (9i-Week) oral gavage study in rats (MRID 421784-04, study
# HLA 2319-125) may be used to satisfy the requirement for a subchronic rat
study.

The chronie¢ study in the dog (#2319-121, 5/10/89} may be used to
satiefy the requirement for a subchronic dog study.

Not required since Hydrogen Cyanamide has a pH of 3.5 and is Toxicity
Catagory I for dermal irritation.

Not required for non-food use.

Only one species is required for non-food use.

3
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Hydrogen Cyanamides #140
Updated: September 1993

V. TOXICOLCSY FROFILE
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P.C. CODE 0V4002- Cyanamide

CITATION

Acute oral L050

Species: rat

CIVO-Cen. Inat Wutr & Food Res
2040 W; 2/T/TS

a1-2

Acute Dermal LDS0
Species: rabbit
Nazleton
23129-122; 2/9/88

51-3

Acute inhalatien LC5Q

Spacies: rat

CIvVO-Cen. Inat Nutr & Food Res
R &083; 5/T3

81-4

Primaty aye irritation
Specles: rabbit

CIVO-Cen. Inet Kutr & Food Res
R &4398; 6/T4

81-5

Primary dermal irritation
Species: rabbit

Central Inst Voedingsonderzoek
2-006-4; 1982

81-6

Dermat sensitization

Soecies: guinea pig
CIvO-Cen. Inst Nutr & Food Res
¥ B2.096/220063; 3/82

U.8.

FILE LAST PRINTED: 09/23/93
MATERIAL -

Cyansmide (Cysnemid L

500) purity spprox. 50%

Hydrogen Cysnamide 50X; Lotd
07 /07/87

Cyanamide-SKW Cysnamid
L500 purity spprox. 50X

Cyamamide-SKd Cysnemid
L300 (50%)

Cysnamide(SKN Cyanamid
1500) 50% spprox.purity

Cyanamide-SKF Cysnamid
F1000 (purity unknown)

clence Reviews -

ACCESS1Gi/

400 OU
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ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PEBTICIDES/HED/TB-1
TOX ONELINERB

RESULYS

oS0 = 0.285 (0.250 - 9.325) ml/kg. or approx. 300 mg/kp (besed on
100% Cysnamid L500). Levels tested: 0.20, 0.25, 0.30, and 0.35
ml/kg (gavege) in Wistar derived struin.

Doses: 1, 2.5 & & mg/ky. Route: dermal in sir NZW,
LD50 (M) =1.7 mi/kg (B50 mg/kg @.i.). 95% CL 1.1-2.7 ml/kp
LDSD ¢F) = 1.4 ml/kg (700 mg/kg a.i.). 95X CL = 0.9-2.2 ml/kg.

LCSO > 2.0 mg/L/4 hrs. Level tested: 2.0 mgsi () mg/L 8.1.) str: Wistar

derived.

Slight corneal opecity. AlL displayed slight conjunctivitis on dey 7.
Str. NZIW.

Corrosive at up to 7 days (end of test). Strain: NZIW.

The test material is a strong sensitizer.

BEST AVATLADLE COPY )

PAGE A

CASWELL#:
CAB~REG#:

TOX

140
156-62-7

CORE GRADE /

Guideline
005681
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CASKELL#: 140
CAS-REG#: 156-62-7

U.8. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PEBTICIDES/HED/TB-1
TOX ORELINERS

FILE LAST PRINTED: 09/2%/93

P.C. CODE 014002- Cyanamide
ACCESS1ON/

CITATION

Pl;c.lsa\lc-z year

species: wice
Hazleton Labs, Europe
6001-556 3; [Iiﬂl

&-1(a)

pod 20 month
Specias: rat
Hazieton Lab America
2M9-125; 0715/

a3-%b)

‘u-?'."l year
Species: dog
Hazleton
2319-121; 5110789

83-Xn)

Developmental Toiicity Study
Species: rat

Hazleton

I 19-124; 5/2/89

NATERTAL

8.i., wiw)

Hydregen Cyanamide 50
W/ a.i.; Lot# Q707787
snd 12/04/88

Hydrogen Cysnamide tech.
50X a.i. w/w)

#ydrogen Cysnamide 53X ai
oY), 50% a.i. (wiv),
Lot# Q7/0T/87

Dose tevels: 70, 200 or 600 ppm in drinking water {(Male: 5.0, 13.T or.
36.8 mg/kg/day a.i.;: female: &.6, 16.9 or 5.0 mgskgrday a.i. i
MOEL = 7O ppm (M = 5 mg/kg a.§.; F = 6.9 mgr/kg n.i.}. LOEL = 200 ppm
M= 13,7 mp/kg a.i.; F = 16.9 mg/kg a.i.) based on incressed mortsality in
females L increased urinary bladder lesions snd kicney (esions.

In addition, at 600 ppm, there were incresses in ovarian grenuloss thecs
tumors, and ovarian stromal/luteal hyperplasia, decrease in bodv wt. (M).

hydrogen cysnamide was admin. via oral gavage to maie & fesale
Cri:CDBR rats at dose levels of 0, 2.5, 7.5 or 30 mg/kg/day active
igred. hydrogen cyanamide for 16 weeks; dose levels were .owered to O, 1,
2.5 or 7.5 wmg/kg/day 9.i. at week 17 because of excessive toxicity.
Dosing continued through week 91.
NOEL (systemic effects) = 2.5 mg/kg/dey &.i. (both sexes).
LOEL (systemic efiects) = 7.5 mg/kg/day a.i. (the high dose) besed on
significant decreases in body weight gain and increases ir the incirdence
of reduced colloid in the thyroid in males and females. here wes alac
hunched poature, tremors sed rough haircoat in both sexei.
Treatment-related sffects noted in one male included decreases in both
thyroxine and triiodothyronine levels, snd anemia (decreassd red Hlood
cell count, and hemoglobin and hemstocrit levels).
At the doses tested, there was no evidence of a carcinogenic effect.

Administered by gavage to besgles at dose levels of: 0.2, 1.0 or 5.0 mg/
kg/day a.i.

NOEL = 0.2 mg/kgsfday a.i. LOEL = 1.0 mgskg/day a.i. (based on decreases
in Mcy and NCH in males and females, and an increase in pale areas of the
spleen in males).

In sddition, st 5.0 mg/fkg/day a.i. there were increases in mslies £ female
with rough hsircoat & desquemation af the skin, tremors, salivation,
decreases in body weight gain, leukocyte counts (M), albumin, calcium (F)
phosphorous (H) & T4 (M) and an increase in the rel. weight of the
thyroid-parathyroid (F), & poasible decresse in sperm activity (M).

Doses: 0, 5, 15 or 45 mg/kg/d ai; route oral {by gavage). Strain Cri:CDBP
Maternal WOEL < 5 mp/kg #.i. Maternal LEL = JF mg/kg {decr body wt gain}
Developmental Tox MOEL = 15 mg/kg. Develop. Tox LEL = 45 mg/kg (based on
increase in number of resorptions., decr. fetl body wti., incr in
diaphramagtic hernia and wavy (bent) ribs.

BEST AVAILABLE COPY

Guickel ine
008150
010591




P.C. CODE 014002~ Cysnamide

CITATION

Developmental Toxicity Study
Species: rabbit

CIVO-Cer Inst Nutr £ Food Res
0 8401 S5/89

a-4

Reproduction-2 generation
Speclies: rat

Nazieton Lab America

Z319-126; 04/1979C

B4-2¢a)
Wutagenic-Aees
Spacies: sslmorells
Nazleton
9583-0-401; 10/21/87

B4-4

Nutagenic-unschaduled DA synt
Species: rat hepatocytes
Hazieton

9583-44T; 10/2107

84-2¢(b)

Mut- Chrom. aberr. in vitre
Specien: CHO cells
Hazleton

9583-0-437; 10721487

J4-2(b}

wot soenic-microrucleus assay
Speciss: mice

Hazleton

10052-0-455; 10/21/87
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OFFICE OF PESTICIDES/HED/TB-1
TOX ONELINERS

FILE LAST PRINTED: 09/23/93

w/w n.1.; batch 250185

Hydrogen Cyasnamide - 50X
(/) a.i.; LotW 07707/
&7

Nydrogen Cysnamide 53X ai

Hydrogen Cysnamide 57X &i

Hydrogen Cyanamide 53X af

Hydrogen Cysnemide (53%
a.i.}

ACCESSIO0M/

Noges: 2, & or 18 mg/kgfday s.i. Route: oral (gavage) in NIV strain
tiaternal NOEL = & mg/ky. MNaternal LOEL = 18 mg/kg a.l. besed on decr.
body wt gain. Developmental Tox. NOEL = & mgfkg. Develop. LEL = 18 wg/
kg a.1. based on disintegration of Lliver structure and slight decr, in
female size and weight.

Crl:CD BR rats were duﬁfl‘mll ofGa3, 7.5, or 30 mg/kgfday a.i. (Fo
generstion during premating) or 0, 1.25, 3.7% or 15 mg/kg/day a.i. during
presating (F1 generstion), gestation and lactation (Fo and F1 femsles).
Perantal NOEL = 1.25 mg/kg/day a.i. Parental LEL = 3015 mg/ks/d . i,
based on significant decreases in body weight/weight gain snd food
consumption.

Reprod. HOEL = not determined. Reprod. LOEL = 1.25 mg/kg/dey e.i.
basad on decreased pup viability snd body weight in both genersticas.
In sddition, st = 15 mg/kg/day a.i., decreased fertitity was
cbserved in both generations.

Doses: 0.10, 0.25, 0.5, 1, 5, 10 and 15 ul/plate in salmorelia strains
TA1535, TA1537, TA1538, TA98, and TAI0D. Results: negative.

Doses: 5.95, 11.9, 23.8, &47.6, T1.4, 95.2, A3 & 15 up/ml in F346 rat
hepatecytes. Results: Megatiwve,

Doses: 42.4, 56.5, 141 and 426 ug/ml (w/o activation);
875, 1370 and 1750 ug/ml with activ. Results: Negstive.

32.1, 42.8, 438,

Doses: 31.44, 157.4 and 330.5 mg/kg in 1CR str. Resulis negative.

SEST AVARLABLE COF1 )

140 w

156=-62-7

Accepiable
006628
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U.8. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PESTICIDES/HED/TB-1
TOX ONELINERS

FILE LAST PRINTED: 09723/93

ACCESS 108/

P.C. CODE D14002- Cysnamide

RESULTS

CITATION MATERIAL

] Peer Review Document - date: 09715793,
Classification: Group C - possible mmen carcinogen. 01* = 1,35 x 10exp-1
(mg/kg/day)exp-1.

Hiydrogen Cysnamide is rapidly absorbed, metabolized L excreted in the
urine following oral, intravenous (i.v.), snd i.p dosing in rats, dogs
or rabbita. Following f.p. dosing in rats, 93.4% of the dose was encreted
in the urine within the first &6 hrs, indiceting that hydrogen

cysnemide is rapidly metabolized and almost completely eliminated

from the body. Neglfgible amounts of radicactivity were excreted as
enpired 002. Following both oral and i.v. dosing in dogs, 42-83% of the
dose was excreted in the urine within the first 24-27 hrs. Neglipible
smounts of radicactivity were excreted in the feces. The major meta-
bolite of cysnamide excreted in the urine of rats, rabbit, dogs and
humans was identified as W-acetylcyanamide. The conversion of cysnemide
to N-scetyicyanamide IN VITRO is catalyzed by an acetyl-S-CoA-dependent
N-acetyltransferase present in rabbit and dog liver.

incgenicity- Pesr Review

Species:
D9/ 15.763
B5-1 &21T84-07

abol ism
- fes: rat, doj rabbit
Iterature Rev.; Environ Corp.
09./05/1

-2 Hydrogen Cyanamide £9X £15040-04

tabol ism - dermal sbeorption
{les: rat

leton Leb America

6263-100; 12/00/89

| BEST 4

A single dermal dose of 0.1, 1, or 10 mg (B, 80, or 8OO ug/caZ, respect-
ively) 14C-hydrogen cyanomide, adwinistered to three groups of male rats
(24/qroup), was rapidly absorbed, distributed and eliminated. In general
as the dose level and the duration of exposure incressed, the percentage
of the dose absorbed also increased. Using the direct

procedure to calculate skin absorption, the average 14C-hydrogen
cyanamide equivalents absorbed within 24 hrs were 1.79%, 2.84X, and
11.1X of the spplied dose for the low, mid-, and high groups, respect-
ively. The data can be utilized for risk sssessment purposes a6 & worst
case scenario,

BE Cot |
Calecium Cyanamide

PAGE 1 T
CASWELL#: 140A ...
CAS-REG#: 156-62-% -

0.8. ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF PESTICIDES/HED/TB-1
TOX ONELINERS

FILE LAST PRINTED: 09/23/93

ACCESSION

.C. CODE 094001~ Calcium cysnamide

CITATION

B-1(s) and 83-2(b)
inogenic-2 yeer
pecies: mice :
tioral Cancar Inat.

P-1719; 199

oo
B-1¢a) and 83-2({a)
ding/carcinogenic-2 year
fes: rat

MATERIAL

Calecium Cysnamide 48-66X
Calcius cyrnamide,
purity 97X

Caicium Cyanmmice 48-66X;
7% pure

Levels teated at 0, 500 or 2000 ppm €0, 3.5 or 150 mgrkg/dey 8.i.) in
BSC3F1 str. Based on Cancer Peer Review (held 09/01/93) hemangiossrcomes
in the HDOT are of concern. The corwversion data, calcium cysnamide --->
Wydrogen cysnamide, allous upgriding to minimm - 11/09/90 {3 Suppl. snd
& sdderchm in ©/93 mewo).

Levels tested at: O, 100 & 200 ppa (W); 0, 100 or 400 ppm CF). in F344
strain. Ho treatment related increase in tumors; letter (May &, 19647) in

reference to conforence April &, W&!’. The apreemrmy l_‘e-ched in_cmf—

Nin. (cancer)
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VI. DATA GAPS FOR TERRESTRIAL FOOD-USE:

No data gaps exist at this time.

VII. ACTION TAKEN TO REMOVE DATA GAPS AND OBTAIN ADRDITIONAL
INFORMATION:

No action is required at this tima.

REFERENCE DOSE (REDR):

Tne RfD Committee recommended that a chronic Reference Dose
(RfD} be established based upon a no-observable effect
level (NOEL} cf 0.2 mg/Kg/day. Hematological and splenic
changes were observed at 1.0 mg/kg/day in a long-term
feeding study in dogs. An uncertainty factor (UF) of 100
was used to account for the inter-species extrapolation and
intra-species variability. ©n this hasis, the RfD was
calculated to be 0.002 mg/kg/day (see memo of G. Ghali
titled Hydrogen Cyanamide: RfD/Peer Review Report, dated
September 15, 19923).

PENDING RECULATORY ACT]ION:

None at present that TB~1 is aware of.

TOXICOLOGICAL ISSUES:
A. Dermal Irritation:

Three primary dermal irritation studies have been
submitted. Study # V 84.090/230061 (dated 2/84) was
considered to be "Invalid". Study No. B82-0061-4/1982
(dated 1982) was Core-Minimum Data with a Toxicity
Category of I. The third study, No. 891330/D/STB 4/SE
was Core~Guideline with a Toxicity Category of IV. An
acute dermal study, No. R 4108 (dated 6/73), indicated
that there was severe irritation (hemorrhage, edema,
etc.). By the end of 1 to 2 weeks, rabbits in the 2.0
and 4.0 mg/kg displayed scaliness with necrotic areas of
the treated skin areas. The above noted irritation is
consistent with a pH of 3.5. Based on the above, the
test material should be labeled as a Toxicity Category I
for dermal irritation.
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Carcinegenicity of Hydrogen Cyanamide: 010591

The Health Effects Division Carcinogenicity Peer Review
Committee (CPRC) met on September 1, 1993, to discuss and
evaluate the weight-of~the-evidence for Hydrogen
Cyanamide with particular reference to its carcinogenic
potential. The CPRC concluded that Hydrogen Cyanamide
should be classified as Group C, possible hunan
carcinogen, and recommended that for the purpose of risk
characterization a low dose extrapolation model be
applied using the experimental animal tumor data for
quantification of human risk (Q,*). This decision was
based on: the statistically significant increase of the
incidence of ovarian granulosa-theca tumors in female CD-
1 mice both by positive trend and pair-wise comparison
with controls at the HDT; the positive trend in
hemangiosarcomas in male B&6C3F1l mice; and the positive
genotoxicity results in two mutagenicity systems (see the
Carcinogenicity Peer Review Committee Document on
Hydrogen Cyanamide from E. Rinde dated September 15,
1993) .

The Q,* of Hydrogen Cyanamide based on oy?rian granulq?a-
theca tumors in female mice is 1.35 x 10 (mg/kg/day)

in human equivalents (see attachment 1, memorandum of B.
Fisher dated September 2, 1993).

Developmental/Reproductive Toxicity -~ Risk Assessment:

It is recommended that for acute (ie. 1-3 days) exposure,
the NOEL of 5 mg/kg/day a.i. from the rat developmental
toxicity study (based on hypoactivity during the first 2
days of dosing at the LEL of 15 myg/kg/day &.i.) be used
for establishing a margin of exposure (MOE). If the
exposure is subchronic, it is recommend that the LEL for
the reproductive toxicity study (1.25 mg/kg/day a.i.) be
used with an additional factor of 3 (the estimated NOEL
would be 0.41 mg/kg/day). '

Mutagenjecjty:

There was mutagenic activity in two assay systems (see
the Carcinogenicity Peer Review Document.)

Hydrogen Cvanamjde = Neggssi;y For a Tolerance:

At a meeting held on 8/23/93, it was decided that based
on the anticipated total metabolism of Hydrogen Cyanamide
into the general carbon ool of the grape, and the common
use of Hydrogen Cyanamide and its precursor, Calcium
Cyanamide, as a fertilizer, the proposed use of Hydrogen
Cyanamide on dormant grape vines would be classifisd as a

6
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non=-food use (see attachment 2, memorandum of G. Jeffrey
Herndon, dated 8/26,93).

XT. STUDRY REVIEWS FOR_THIS ACTION
A. New Toxicologjcal Studies:

1. Guideline Series 81-5: Primary Dermal Irritation
(MRID# 415665-01); study # 891330D/STB 4/SE, December
22, 1989)

Conclusions: Slight erythema and/or edema was
observed, but cleared by Day 3.

Toxicity Category: IV

Ccre Classification: Guideline

Study Acceptahility: The study satisfies the
requirement for a Guideline Series 81-5 Primary
Dermal Irritation Study

Guideline Series 82-1: 28-Day Range Finding Study
(MRID # 4.:029-02, study #2319-123, 9/9/88)

Conclusions. Crl:CD rats (5/sex/dose) were treated
orally (gavage) with agueous Hydrogen Cyanamide for
28 days at doses of 0, 5, 1C, 20 or 40 mg/kg/day
a.i.

NOEL < 5 mg/kg/day a.i.

LOEL = 5 mg/kg/day a.i. [based on histological changas
(decreased colloidal content and small closely
packed follicular cells) in the male thyroid].

In addition, at 10 mg/kg/day a.i. there were increased

incidences of bile duct hyperplasia and follicular
cell hyperplasia in males, and an increase in
pigmented splenic macrcphages (females). At 20
mg/kg/day a.i., there was dacreased colloidal
content, increased follicular cell hyperplasia, and
small, closely packed follicular cells in the
thyroid (females); increased relative liver weight
(males) and relative kidney weight (both sexes);
decreases in body weight (males), body weight gain
(both sexes), and total food consumption (males).
At 40 mg/kg/day a.i., there were increases in
splenic pigmented macrophages, renal tubular
mineralization, relative thyroid/parathyroid weight,
total bilirubin, BUN and decreases in RBCs, HGBE,
HCT, MCH and MCHC in males. In females, there were
increases in relative liver weight and decreases in
body weight, food consumption, HGB, HCT, MCH and
MCHC in females.

Core Classification: Supplementary

Study Acceptable: The study is acceptable as a 28-

day_range-finding study.
7
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Guideline Series 83-1a: Chronic Toxicity Study in
Rats (MRID #421784-04, study #HLA 2319-125)

Conclusions: In a chronic toxicity study, Crl:CD rats
were administered aqueous Hydrogen Cyanamide (50 %
w/w) daily by gavage at dose levels of 0, 2.5, 7.5
or 30 mg/kg/day a.i. for 16 weeks then 0, 1,0, 2.5
or 7.5 mg/kg/day a.i. for the remainder of the
study.

NOEL = 2.5 mg/kg/day a.i.

LEL = 7.5 mg/kg/day a.i. based on decreases in body
weight gain, reduced colleoid in the thyroid and
reduced T3 and T4 levels. Adverse effects at 14
weeks included: decreased RBC, hemoglobin and
hematocrit.

Carcincgenic potential: No treatment related increase
in tumors.

Core Classification: Guideline

Study Acceptability: The study satisfies the
requirement for a Guideline Series: 83=-la Chronic
Toxicity Study in Rodents.

Guideline Series 83-4: Two-generation Reproduction
Study in Rats (MRID# 415665-04, study # 2319-126,
dated 4/17/90)

Conclusions: In a two-generation reproduction study,
Crl:CD rats were given agqueous Hydrogen Cyanamide
(50% w/w) daily by gavage at dose levels of 0, 2.5,
7.5 or 30 mg/kg/day a.i. (F, generation during
premating) or 0, 1.25, 3.75 or 15 mg/Kg/day a.i.
during premating (F, generation), gestation and
lactation (F; and F, females.

Parental NOEL = 1.25 mg/kg/day a.i.

Parental LOEL = 3.75 mg/kg/day a.i., based on
significant decreases in body weight/weight gain and
food consumption.

Reproductive NOEL = not determined

Reproductive LOEL = 1.25 mg/kg/day a.i. based on
decreased pup viability and decreased body weight in
both generations.

In addition, at 15 mg/kg/day a.i. and above, decreased
fertility was observed in both generations.

Core Classification: Minimum Data

Study Acceptability: The study satisfies the
requirement for a Guideline Series 83-4 Reproduction
Study.

Guideline Series 85-1: Metabolism Study (Literature
Reviaew of Ten Studies) (MRID # 421784-07, 9/5/91).
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Conclusions: Hydrogen Cyanamide is rapidly absorbed,
metabolized and ercreted in the urine following
oral, intravenous (i.v.), and intraperitoneal (i.p.)
dosing in rats, dogs, or rabbits. Following i.p.
dosing in rats 93.4% of the dose was excreted in
the urine withan the first 6 huurs, indicating that
Hydrogen Cyanamide is rapidly metabolized and almost
completely eliminated from the body. Negligible
amounts were excreted as expired CO,. Fnllowing
both oral and i.v. dosing in dogs, 62% - 83.1% of
the dose was excreted in the urine within the first
24-27 hours. Negligible amounts of radioactivity
were excreted in the feces. The major metabolite of
Hydrogen Cyanamide excreted in the urine of rats,
rabbits, dogs and human was identified as N-
acetylcyanamide. The conversion of Hydrogen
Cyanamide to acetylcyanamide in vitro is catalyzed
by an acetyl-S-CoA-dependent N-acetyltransferase
present in rabbit and dog liver.

Core Classification: Minimum

Study Acceptability: Together these studies (data)
satisfy the requirement for a Guideline Series 85-1
Metabolism Study.

Guideline Series 85-2: Dermal Absorption Study
(MRID#415040-04, study #HLA 6265-100, 12/8/89)

Conclusions: single dose of 9 1, 1 or 10 mg (8, 80
or 800 ug/cm , respectively) C- Hydrogen Cyanamide,
administered to three groups of male rats
(24 /group), was rapidly absorbed, distributed and
eliminated. 1In general, as the dose level and the
duration increased, the percentage of the dose
absorbed also increased. Using the d1rect1procedure
to calculate skin absorption, the average ‘-
Hydrogan Cyanamide equivalents absorbed within 24
hours were 1.79%, 2.84% and 11.1% of the applied
dose for the low-, mid- and high-dose groups,
respectively. The data can be utilized for risk
assessment purposes as a worst case scenario
(approximately 10 %).

Core Classification: Supplementary

Study Acceptability: Study can be upgraded, but is
not a required study. Therefore, there is no data
gap for a Guideline Series 86-1 Dermal Absorption
Study.

B. "Addenda" to previously reviewed studjes: The sponsor
submitted several addenda to further clarify or upgrade
the results. The studies are:
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1. Guideline Series 83-1b: Supplement 1 tc the "Chronic
Toxicity Study in Dogs with Aquecus Hydrogen
Cyanamide" Study No. 3319-121", (MRID #412888-02; TOX
Doc, No. 008150).

Conclusions: Aqueous Hydrogen Cyanamide (50% w/w, 53%
w/v a.i.) was administered by gavage to groups of 4
male and 4 female dogs at dose levels of 0, 0.4, 2.0
or 10.0 mg/kg/day (egquivalent to 0, 0.2, 1.0 or 5.0
mg/kg/day a.i.). [For the first two weeks the dogs
ware administered 0.2, 1.0 or 5.0 mg/kg/day of the
50% technical.)

NOEL = 0.2 mg/kg/day a. .

LEL = 1.0 mg/kg/day a.i. (based on decreases in MCV
and MCH in males and females, and an increase in
pale areas of the spleen in males).

In addition, at 5.0 mg/kg/day a.i. there were
increases in males and females with rough haircoat
and desquamation of the skin, tremors, salivation,
decreases in body weight gaii:, leukocyte counts
(males), albumin, calcium (females), phosphorous
(males), T, (males), and an increase in the relative
weight of the thyroid (females), a possible decrease
in sperm activity (males).

Classification: Core-Guideline

Study Acceptaiility: the study satisfies the
requirement. for a Guideline Series 83-1b Chronic
Toxiecity in Dogs Study.

[This supplement does not change the conclusions from
the previous DER, it only clarifies themn.]

Guideline Series 83-2b: Supplement 1 to MRID #415565-
02, TOX DOC # 008422 (B3=-2b) titled "Hydrogen
Cyanamide, Up to 104 Week Oral (Drinking Water)
Carcinogenicity Study" (MRID # 421784-05, study #
6001=-556/3, October, 1993)

Conclusions: Hydrogen Cyanamide was administered in
drinking water to groups of 60 CD-1 mice/sex for 100
weeks to males and for 104 weeks to females at
lavels of 0, 70, 200 or 600 ppm (for males: 0, 5.0,
13.7 and 38.8 mg/kg/day a.i.; for females: O, 6.6,
16.9 and 49.9 mg/kg/day a.i.).

NOEL = 70 ppm (6.9 mg/kg/day a.i.)

LEL = 200 ppm (16.9 mg/kg/day a.i.} based on:
females-increased incidence of urinary bladder and
kidney lesions (non-significant); decreased survival
rate (Kaplan~Meier) in females.

In addition, at 500 ppm (38.8 mg/kKg/day a.i.) in males
there was decreased body weight gain (significant);
in females the decreased survival was significant

10
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and there wis ovarian stromal/luteal hyperplasia.
In both sexes there were urinary bladder and kidney
lesions.

Carcinogenic potential: increased incidence (female)
of ovarian granulosa-theca tumors and related tumors
{thecoma, luteoma) at 200 and 600 ppm (45.9
mg/kg/day a.i.). Statistics were submitted by L.
Brunsman (HED, memoranJdum dated August 16, 1993, in
the Peer Review File).

Guideline Series 83-2b: Supplement 3 to TOX DOC #
008162, titled "Bioassay of Calcium Cyanamide for
Possible Carcinogenicity" Study # (NIH) 79-1719, 1979)

The Carcinogenicity Peer Review Committee (Document
dated 9/15/93) concluded that hemangiosarcoma in the
male mic» were treatment related.

Guideline Series 83-2a and b: Addendum to the rat and
mouse bicassay, titled "Stability of Calcium
Cyanamide, Technical Grade, in Animal Diet with
Regards to the NCI Bioassay " (MRID #415040-02, study
#(NIH) 79-1719, TC¥ DOC #s 005681 and 008162), dated
1979. ;

Conclusion: The stability of Calcium Cyanamide in the
diet preparations used in the NCI studies are
satisfactory based on recoveries at 7, 12 and 17
days.

Core Classification: Minimum

Study Acceptability: This study may be used to
upgrade the classification of the NCI bicassays 83-
2a and b to minimum. The studies however, were
already upgraded to Minimum based on a report titled
"Conversion Rate of Calcium (Technical Grade) to
Hydrogen Cyanamide" dated 9/25/87 (refer to TOX DOC
# 008150).

NOTE: The dose levels noted in the original DER for
the rat cancer study were incorrect for females.
The male doses were 0, 100 and 200 ppm while the
female doses were 0, 100 and 400 ppm.

Guideline Series 83-3b: Supplement 1 to TOX DOC #
008150, rabbit developmental study, titled
"Preparation of Various Aqueous Cyanamide Solutions
and Analysis of these Solutions for Actual Content,
Homogeneity and Stability",

Conclusions: NOEL (maternal toxicity) = 6 mg/kg a.i.
LEL (maternal toxicity) = 18 mg/kg a.i. based on
decreased body weight gain.

11
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NOEL (developmental) = 6 myg/kg a.i.

LEL (developmental) = 18 mg/kg/a.i. based on
disintegration of liver structure and slight
decrease in fetal size and weight.

Core Classification: Minimum (data on the analytical
concentration, stability and homogenicity data on
the dosing solutions were provided in MRID #421784-
06) .

Study Acceptability: The study satisfies the
requirement of a Guideline Series 83-3 Developmental
Toxicity Study.
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WASHINGTON, D.C. 204680

SEP 2 19

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES

subject: Hydrogen Cyanamide, Quantitative Risk Assessment, 2-Year
Charles River CD-1 Mouse Dietary Study (in Drinking Water)

Caswell no.485A

Bernica Fisher, Acting Section Head
Statistics Section

Science Analysis Branch
Health Effects Division (H7509C)

Marion P. Copley, D.V.M., Section Head
Review Section IV

Toxicology Branch I

Health Effects Division (H7509C)

William Burnam, Chief
Science Analysis Branch
Health Effects Division (H7509C)

SUmmary

The unit risk, Q" of hydrogen cyanamide, based upon
fenals mice ovarian granulosa-theca tumors is 1.35x10?
(mg/kg/day)" in human equivalents. The dose levels in drinking
water that occurred in this study were 0, 6.9, 16.9 and 49.0
mg/kg of hydrogen cyanamide. The effective proportions of ovary
tumors observed in female mice were 3/59, 1/59, 7/57 and 13/56
for the above mentioned dose levels.

Background

In August, 1993 the Peer Review Committee recommended
that the quantitative risk assessment for hydrogen cyanamide be
estimated from female ovary granulosa-theca tumor rates.
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The statistical evaluation ( Hydrogen Cyanamide-
Qualitative Risk Assassment Based on Charles River CD-1 Mouse
Dietary Study, L.Brunsman 8/93) indicated significant increasing
mortality in female mice with increasing doses in drinking water,
of hydrogen cyanamide.

Female mice had significant dose related increasing trend
in ovarian granulosa-theca tumor rates. There also was a
gignificant increase in these tumors in the pair-wise comparisons
of the highest (49.0 mg/kyg) dese and the controls.

Dose-Response

Since female mouse mortaiity significantly increased with
incremental doses of hydrogen cyanamide, the estimate of unit
risk, @, was obtained by the application of Time-to-Tumor Multi-
stage model (Tox_Risk program, veralon 3.1 - K. Crump). In this
version of K. Crump’s program, the conversion to human risk by
surface area adjustment uses a 70 kg. human instead of the 60 kg.

as previously done, in order to estimate a more conservative
risk.

The result of the estimate of unit risk, Q' is as follows:
Species,Mouse; Strain, Charles River CD-1; sex,female; tumor,

ov;;ianlgranuloua-theca; Ql* (mg/kg/day)? in human equivalents is
1.38x10™

Zt is to be noted that Q' (mg/kg/day)' is an estimate of the
upper bound (95%) on risk and that (as stated in the EPA Risk
Assessmant Guidelines) "the true value of the risk is unknown,
and may be as low as zero".
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UNITEL STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
PREVENTION, PESTICIDES AND
TOXIC SUBSTANCES

Subject: Hydrogen Cyanamide. Memo of Understanding Concerning the
Classification of the Use of Hydrogen Cyanamide as a
Plant Growth Regulator on Dormant Grape Vines as a Non-
Food Usa.

G. Jeffrey Herndon, Chemist )knv‘QQT\
Tolerance Petition Section II
Support

Chemistry Branch I = Tolerance

Health Effects Division (H7509C) (‘ ﬁ é
‘C&l&ms

Through: Debra Edwards, Ph.D., Chief
Chemistry Branch I - Tolerance Support
Health Effects Division (H7509C)

Joanne Miller/Eugene Wilson, PM Team 22
Fungicide~Herbicide Branch
Registration Division (H7505C)

and

Albin Kocialski, Head
Registration Section

Chemical Coordination Branch
Health Effects Division (H7509C)

Background

In PPFOF3I868, the petitioner, Siemmer and Associates Inc., on
behalf of the registrant, SKW Trostberg AG, is proposing that a
Section 3 registration and an examption from the requirements of a
tolerance be established for the residues of the plant growth
regulator hydrogen cyanamide (H,NCN), in or on grnpcs and grape by-
products. .

No tolerances currently exist for the plant growth regulator
hydrogen cyanamide. Hydrogen cyanamide, under the trade name
Dormex®, is used to promote uniform bud break in grapes and various
stonefruit which have not received an adegquate number of winter

20
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chilling hours, or to promote earlier budbreak sven with sufficient
winter chilling.

Hydrogen cyanamide is produced by the hydrolysis of calcium
cyanamide. In moist soil, hydrogen cyanamide itself readily
hydrolyzes into urea, ammonium, and nitrate. For this reason, both
have been used as sources of nitrogen fertilizer dating back to the
early 1900's. An estimated total in excess of 300,000 tons of
calcium cyanamide is produced annually worldwide, with
approximately 80-85% of this amount used for fertilizer. Based on
the estimated use of 200-400 lbs. of nitrogen per acre on grapes
grown in CA and AZ (the proposed use area in this petition), chis
would equate to 200-600 lbs. of hydrogen cyanamide (or 575-1150
lbs. of calcium cyanamide) per acre.

Previously, calcium cyanamide was registered for various uses
including a herbicide on various crops at rates up to 4,260
lbs.ai./A. (90 days prior to seeding); a fungicide on beans,
celery, crucifers, lettuce, potatoes, and tomatoes (30 days prior
to planting) at rates up to 440 lbs.ai./A.; and as a defo.iiant for
cotton (7 days before harvest) at rates up to 28.5 lbs.ai/A. These
were all classified as non=-food uses when they were originally
granted, and the last of such registrationr expired on 1/22/91
(product 54555-1, SKW Trostberg AG.) due to non-payrent of fees.

For the proposed use as & plant growth regulator on dormant
grapes, the maximum label rate is 17.2 1lbs.ai./A. The proposed
typical preharvest interval would be 130 days. There is an inherent
disincentive for use of hydrogen cyanamide as a plant growth
regulator on dormant grape vines other than the one proposed: use
of rates greater than the proposed rate, or application tco close
to normal bud break can result in phytotoxicity or burned buds.

Plant Metabolism

A metabolism study on grapes has been previously submitted and
revieved by the Agency. Detached grape leaves were labqled via the
petiole by immersing in 10-25uL containg 2-3ug of C-hydrogen
cyanamide. After uptake, the lesaves wera kept in a distilled water
reservoir and allowed to metabolize in the light in a controlled
laboratory environment for a 24 hour period. During the metabolic
period, gases wera collected in gas dispersion bottles containing
HyPO, (for hydrogen cyanamide) or KOH (teor CO,).

The laboratory extracted the leaves with dilute oxalic acid
and separated the soluble portion into various classes using ion
sxchange rasins. The lab analyzed the fractions using multiple
chromatography systems (TLC (visualized using railiation detector
(RTLC), X-ray film, UV, and various reagents (ninhydrin, potassium
permanganate, aniline hydrogen phthalate, etc.)), paper, and high
resolution ion exchangs chromatography (HRIEC)], derivatization or
isotope dilution and recrystallization to a specific radiocactivity,
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and quantitation using combustion and ligquid scintillation counting
(LSC) .

~

Based on the efficacious use of
hydrogen cyanamide as a fertilizer, this should not be surprising.
The petitioner provided data to indicate that the single carbon of
HC is rapidly incorporated into the general carbon pool of the
grape plant, as shown in Table 1.

Table 1

“C Metabolites Found ia Grape Leaves Afier Feeding ''C-Labeled Hydrogen Cysnamide

]
m metabolites found

| ‘
| volatile “CO, (accounted for about 12% of the applied doss). No "“C-hydrogen cyanamide was found.

neutral At least 9 different components we.e present. Glucose, fructose, and sucrose were ideatified
an sccounted for about 70% of the total radioactivity in the neutral fraction.

insoluble Cellulose was identified and determined to sccount for 29% of the radioactivity contained in
the insoluble fraction.

Malic »:id (about 26 % of the radioactivity in the anion fraction) and citric acid (about 15%)
were identified.

A single unidentified peak sccounted for about 70% of the radioactivity contained in the cation
fraction that did not correspond to any of the common amino acids, guanylurea,
guanylthicuros, guanidine, nor dicyanodiamide, Tests show that the compound did not contain
a carbonyl or acidic moiety. Separate studies show that this may be a transient intermediate. A
study using young grape apices tentatively identified guanyl-type cations skortly after HC
uptake, but these metabolites failed to persist and were absent after a 3 day metabolic period
(label was increasingly incorporated into a protein fraction). In cotton plants st 8 hours, sn
unknown cation was found that was not present at longer intervals (at longer intervals, the
label was found in smino acids, protein, and iosoluble products)

The results indicate that no residues of parent compound
should ba presant at harvest (130 day PHI). It is likely that moat
of the applied hydrogan cyanamide iz incorporated into natural
plant components by the pathways shown in Attachment I.

Livestock Matabolism

" No animal metabolism studies were subnmitted in support of this
petition. The registrant has requested a waiver from the
requirement of lactating goat and laying hen metabolism studies
based on no significant exposure of livestock or poultry to
hydrogen cyananide. This is based on the non-detectable residue

lavels of hydrogen cyanamide in grapes as a result of proposed use
of Dormex® on dormant grape vines.
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Meeting of 8/23/93

on 8/23/93, the following members of HED met to discuss the
various possiiilities (e.g. setting a limit of guantitation
tolerance, tolerance exemption, or non-food use) for classification
of the use of hydrogen cyanamide on dormant grape vines:

TOX1
TOX1
TOX1
CBTS
CCB
CBTS
CBTS
ccB
Deputy Divisicn Director

Karl Baetcke
FPaul chin
Marion Copley
Debbie Edwards
Nan Gray
Jaftfrey Herndon
Rick Loranger
Andy Rathman
Dick Schmitt

puring the course of the meeting, we concluded that, based on
the anticipated total metabolisa of hydrogen oyanamide into the
general carbon peol of the grape, and the common use of hydrogep
cyanamide and its precursor, calcium cyanamide, as fertilisers, %0

_be
classified as a non-food use.
Based on the use of hydrogen cyanamide on dormant grape vines

being classified as a non-food use, it was decided that a meeting
with the HED Metabolism Committee would not be necessary.

Attachment I: Proposed Metabolism of Hydrogen Cyanamide in the
Grape Lesat

cc: PPFOFIS6S, RF, SF, Metabolism Committee file, circu.,
¢.J. Herndon, E. Hasberer (section head), Nan Gray (CCB/HED),
M. Copley (TOX1/HED), members of the HED Metabolism
Committes:
[K. Bastcke (TOX1/HED), A. Protzel (TOX2/HED), R. Engler
(HED), R. Schmitt (HED), G. Ghali (SAB/HED), M. Metzger
(CBRS), R. Loranger (CBTS). :

RDI: Section Head: E. Haeberer: 8/25/93,
Branch Senior Scisntist: R.A. Loranger: 8/25/92.

H7%09C: CBTS: G.J. Herndon: 305-6362: CM#2, Rm. 804C: B/24/93.
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ATTACHMENT I

Figure 11

Metabolism of Hydrogen Cyanamide in the Gripl Leaf

{Taken from MRID# 412888-09)
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Reviewed by: William B. Greear, M.P.H. Wil B Lussn «f0f33
Review Section 1V, Toxicology Branch I (H7509C)

Secondary Reviewer: Marion P. Copley, D.V.M. :Eﬁa ~ .
Review Section IV, Toxicoloay Branch I (H7509C) #% (s

s

DATA EVALUATION REPORT

HO
STUDY TYPE: Guideline Series 81-%5 Tex. Chem. No.: e6d
Primary Dermal Irritation PC No.: 014002

MRID No.: 415665=-01
TEST MATERIAL: Aquecus Hydrogen Cyanamide 49% w/w, clear
cclorless material
Batch No. 110889 (=520 g/l)

SYNONYMS: Carbimide, Carbodiimide, Amidocyanogen,
Cyanogenamide, SKW 83010, CAS 420-04-2

STUDY NUMBER: 891330D/STB 4/SE

SPONSOR: SKW Trostberg AG
D-8223 Trostberg, FRG
(Siemer & Associates, Inc.)

TESTING FACILITY: Huntingdon Research Center Ltd.
Huntingdon, Cambridgeshire, England

TITLE OF REPORT: Irritant Effects on Rabbit Skin of Agueous
Hydrogen Cyanamide 49% w/w

AUTHOR: Michael P. Liggett

REPORT ISSUED: December 22, 1989
CONCLUSIONS: Slight erythema and/or edema clearing by Day 3.
TOXICITY CATEGORY: IV

Classification: Core-Guideline

Study Acceptability: The study satisfies the requirement
for a Guideline Series 81i-5 Primary Dermal Irritation
Study. ‘

MATERIALS AND METHODS:

[Procedures based on OECD Guideline for Testing of Chemicals
No. 404 "Acute Dermal Irritation/Corrosion". Adopted May 12,
1981.)

Six male New Zealand White rabbits weighing 2.2 to 2.9 Kg were
obtuined from Froxfield Farms (U.K.) Ltd., Petersfield,
Hampshire, England and were acclimated to laboratory
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conditions. The animals were individually housed in metal
cages with perforated floors in one animal room maintained

at approximately 19°C, relative humidity of 30 to 70%, a 12-
hour on/12-hour off light cycle with 19 air changes per hour.
Food (SDS Standard Rabbit Diet) and water were available ad
libitum. Approximately 24 hours prior to dosing, the hair was
removed from the dorsp-lumbar region of each rabbit exposing
approximately a 10 cm arey. One-half ml of the test material
was applied under a 2.5 cm” gauze pad and placed on one intact
site on each animal, Each site was wrapped with an elastic
adhesive dressing for a 4-hour period. The animals were not
restrained. At the end of th: 4-hour period the dressings were
removed from the treatment sites and the backs washed with
water to remove any residual test material. The sites were
evaluated 30 minutes after removal of the patches and on Days
2, 3 and 4. The grading system employed was essentially that
of Draize, with ratings from 0 to 4 for erythema and eschar
formation and from 0 to 4 for edema.

RESULTS:

very slight (5 rab“its) to well-defined erythema (1 rabbit)
and very slight edema (5 rabbits) were observad 30 minutes
after removal of the patches. Two rabbits exhibited very
slight erythema on Day 2. No irritation was subsequently
observed,
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DATA EVALUATION REPORT
AQUEOUS HYDROGEN CYANAMIDE
Scudy Type:
28-Day Oral Toxiecity Study in Rats
Prepared for:

Office of Pesticide Programs
Health Effects Division
U.5. Environmental Protection Agency

1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by:

Clement International Corporation
9300 Lee Highway
Fairfax, VA 22031-1207

April 15, 1993
Principal Reviewer: %ﬂ%—/ Date 5!5

Independent Reviawer: C | Date 52[3['13

QA/QC Manager: : Date x5/13/93

Contract Number: 68D10075

Work Assignment Number: 2-78
Clement Number: 203

Project Officer: Caroline Cordon
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28-Day Oral Toxicity in Rata
EPA Reviewer: William Gresar, M.P.H, Signature: jlhtbnaa

Review Section 4, Toxicology Branch I, Date: LW o[‘un 0 l 0 591
Health Effects Division

EPA Section Head: Marjon Copley, D.V.HM, Signature:
Review Section 4, Toxicec.:gy Braunch I, Date:
Health Effects Division

DATA EVALUATION REPORT

STUDY IXPE: 28-Day oral toxicity study in rats (82-1)
IEST MATERIAL: Aqueous hydrogen cyanamide

EC Code: 014002

Iox. Chem, Number: 26¢F |40

MRID Number: 422029-02

SYNONYMS: Cyanamide, Dormex, Carbamide, Carbodiimide, Amidocyanogen,
Cyanogenamide, SKW 83010

STUDY NUMBER: 2319-123
SPONSOR: SKW Trostberg, AG, Trostberg, West Germany
IESTING FACILITY: Hazleton Laborat.ries America, Inc., Rockville, MD

1ITLE OF REPORY: 28-Day Repeated Dose Oral Toxicicy Study with Aqueous
Hydrogen Cyanamide in Rats

AUTHOR: M. Osheroff
STUDY COMPLETION DATE: September 9, 1988

CONCLUSIONS: Crl:CD® rats (5/sax/dose) were treated orally (gavage) with
aqueous hydrogen cyanamide for 28 days at doses of 0, 5, 10, 20, .and

40 mg hydrogen cyanamide/kg/day®' NOEL < 5 mg hydrogen cyanamidg7kg/day.
LOEL = 5 mg hydrogen cyanamidd/kg/day, based on histological changes
(decreased colloidal content and small, closely packed follicular calls) in
the male thyroid.

In addition, at 10 mg hydrogen cyanamid:7k5/day, there were increasad
incidences of bile duct hyperplasia (males), pigmented splenic macrophages
(females), and follicular cell hyperplasia (males),

At 20 mg hydrogen cyanamidg?tg/day. there were increased incidences of
decreased colloidal content, follicular cell hyperplasia, and small, closely
packed follicular cells in the thyroid (females); significant increases in
relative liver weight (males) and relative kidney weight (both sexes);
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significant decreases in mean body weight (males), mean body weight gain (both
sexes), and total food consumption (malas).

At 40 ag hydrogen cynnanliﬁ}kg/dny, there wers increased incidences of splenic
pigmented macrophages (males) and renal tubule mineralization (males):
significant increases in relative liver weight (females) and relative
thyroid/parathyroid weight (males); significant increases in total bilirubin
(males) and blood urea nitrogen (males); significant decreases in body weight
(females) and food consumption (females); significaunt decreases in erythrocyte
count (males), hemoglobin (both sexes), hematocrit (both sexes) mean cell
hemoglobin (males) and mean cell hemoglobin concentration (males).

: Supplementary. This astudy was intended as a
range-finding scudy and was not intended to fulfill Guideline requirements.

MATERIALS AND METHODS
1. TIest Article Description

Name: Aqueous hydrogen cyanamide

Lot number: 04/22/87

Purity: 50% w/w (53X w/v a.i., hydrogen cyanamide)
Date received: May 5, 1987

Physical property: Yellow liquid

Stability: Not reported

Storage conditions: 5°C

Doge Preparation

Weighed amounts of the test material were mixed with Polar®
distilled water to achieve desired concentrations; the solution was
administered daily to rats via oral gavage in a dose volume of

10 mL/kg. Test solutions were prepared weekly; no data were
provided on the storage conditions. Control animals received the
same amount of vehicle (distilled water) as treared animals.

Purity and stability of the test material were not evaluated in this
study, but data on these parameters are on file with the sponsor.
The concentration smd stability of the test material in the dosing
solutions were verified using ultraviolet (UV) spectrophometry of
the reaction product of hydrogen cyanamide with ammonium disodium-
pentocyanoamminferrate and sodium carbonate. Samples from each
weekly preparation of dosing solutions were assayed for
concentration. In addition, 8-day stability analyses were performed
on control and high-dose solutions,

Resulcs: Concentrations of the test material in the dose solutions
ranged from 97.33 to 105.4X of target. Stability analyses showed no
loss of test material over B days.
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Aninals

Species: Rat

Strain: Crl;CD®Br

Age: 39 Days at start of exposure

Weight at iniciation: Males--162-205 g on day 1 of exposurs
Females--144-172 g on day 1 of exposure

Source: Charles River Laboratories, Raleigh, NC

Group assignment: Animals were acclimated for 10 days and were
assigned by sex to the following groups using a computer-generated
raridomizarion procedure based on body weight:

Dose Active Nunber of Animals
Test Ingredient
Group {mg/kg/day) Males Females

1 Control ¢
2 Low dose 5
3 Mid-1 dose 10
4 Mid-2 dosa 20
5 High dose 40

Doses of aqueous hydrogen cyanamide administered to treated animals
were 10, 20, 40, and 80 mp/kg/day, but are presented as doses of

active ingredient (hydrogen cyanamide).

Each animal was housed individually and identified by a tail tattoo.
Purina Certified Rodent Chow® #5002 and tap water were available agd
libitum. Both diet and water were analyzed (by supplier and unknown
source, respectively), and the study author reported that there were
no contaminants present that would be expected to interfere with the
study results. Environmentally controlled animal rooms wers
maintained at temperatures of 72:6°F, relative humidity of 50:20%,
and a 12-hour photoperiod.
J Not reported, however, this study
will be used as a range-finding study for subsequent chronic and
devalopmental toxicity studies in rats.

Statiatics

Body weights (initial and terminal), body weight changes, food
consumption, clinical pathology (except cell morphology), and organ
welght data were analyzed statistically. Levenre's test of
homogeneity of variances was used, and if variances were
heterogenous, a series of transformational analyses (log!®, square,
square root, reclprocal, and angul.ar) were used. If homogeneity was
not achieved, rank-transformed data were analyzed. ANOVA was
performed on all rank-transformed heterogenous data, and all
homogenous data; if significant, Dunnett's test was performed.

3
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Quality Assurance

A signed Statement of Compliance with OECD GLPs, dated Sspteaber 9,
1988 and November 27, 1991, was provided.

A signed Quality Assurance Statement with a list of quality
assurance inspections, dated September 9, 1988, was provided.

METHODS AND RESULTS
General Observations

Animals were observed twice daily for mortality, moribundity, and
signs of toxicity. Physical examinations with detailed clinfcal
observacions were performed weekly.

Resylts: No treatment-related mortalities were observed for either
sex at any dosage level. One female (20 mg/kg/day) was found dead
on study day 29, but this was not considered to be treatment
related. Rough haircoat was found in 3/5 maies and 1/5 females at
40 mg/kg/day, but was not noted in any other group.

Body Weights/Food Consumption

Body weight and food consumption data were recordsd weekly
throughout the study.

Results: Mean body weight, body weight gain and food consumption
data for weeks 0-4 are presented in Tables 1 and 2. Mean body
weights were significantly (p<0.05) lower ar 20 mg/kg/day (15%,
males) and at 40 mg/kp/day (26%, males; 20%, females). Mean body
weight gains .(weeks 0-4) were significantly (p<0.05) Jecreasged at
20 mg/kg/day (30%, males; 36X, females) and at 40 mg/kg/day (53X,
males, 57X, femalaes). Total food consumption (weecks 1-4) was
significa: tly (p<0.05) decreased in males at 20 ng/kg/day (13%) and
at 40 mg/kg/da:aa-'(ﬁz) .

Ophthalmoscopic Examination

Ophthalmologic examinations were not conducted.

Clinical Pathology

Animals were fasted and blood was collected from the orbital sinus
under ketamine anesthesia (hematology) and from the abdominal aorta
under sodium pentobarbital anesthesia (clinical chemigtry) prior to
necropsy. The checked (X) paramsters were determined:
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(a) Hamatology

X Hematocrit (HCT) Leukocyte diffsrential count
X Hemoglobin (HGB) Mean corpuscula: HGBE (MCH)
X Leukocyte count (WBC) Mean corpuscular HGB concen-
X Erythrocyte count (RBC) tration (MCHC)
X Platalet count Mean corpuscular volume (MCV)
Reticulocyte count (RETIC) Coagulation:thromboplastin
X Cell morphology time (PT)
X Corrected leukocyte count
{COR WRC)

Regultas: A summary of velected hematologic parameters is
presented in Table 3. Significant decreases in the following
hematologic parameters were observed at 40 mg/kg/day:
srythrocyte count (males), hemoglobin (both sexes), hematoerit
(both sexes), mean cell hemoglobin (males), and mean cell
hemoglobin concentration (males). A significant increase in
monocyte count was noted in males at 40 mpg/kg/day®’however, the
biological significance of this is unknown.

Bleod (clinical) ghemistry
Electrolytes Other

Calcium X Albumin
Chloride X Albumin/globulin ratio
Maghesium X Blood creatinine
Phasphorus X Blood urea nitrogen
Potassiun Cholestercl (total)
Sodium X Globulins

X Glucose
Enzvues X Total bilirubin

Direct bilirubin

Alkaline phosphatase (ALP) X Total protein
Cholinesterase Triglycerides
Creatine phosphokinase
Lactic acid dehydrogenase
Serum alanine aminotransferase (SGPT)
Serum aspartate aminotransferase (SGOT)
Gamma glutamyltransferase (GCT)

Results: A summary of gelected clinical chemistry parameters
is presented in Table 4. Significant increases in mean total
bilirubin (0.2 mg/dL, compared to 0 mg/dL in controls) and .
blood urea nitrogen (73X) ware noted in males at 40 ng/kg/day".'t
Significant decreases in globulin levels (161) were observed at
20 and 40 mg/kg/day™in males; the nagnitude of the decrease was

similar at both doses. All other changes were considered
incidental.
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(c) Thyroid function tests:

Thyroid stimulating hormone (TSH)
Thyroxine (T,)
Triiodothyronine (T,)

Besults: No compound-related effects wers observed for either
sex at any dosage level. The increases (»100%) observed in
thyroid stimulating hormone values at 40 mg/kg/dnf'&n both
sexes were nonsignificant due to the high variability among the
animals.

Sacrifice and Pathology

All animals were euthanized by exsanguination under sodium
pentobarbical anesthesia and necropsied after 28 days of treatment.
The checked (X) tissues were collected and preserved in 10% neutral
buffered formalin. Histological examinations of these tissues were .
psrformed for all control and high-dose animals (0 and 40 mg/kg/day®'
respectively). Examination of the spleen, liver and thyroid was

also performed for the 5-, 10-, and 20- mg/kg/day groups, and for
gross lesions of animals from all groups. In addition, double-
checked (XX) organs were weighed,

Digestive System  Cardiovagcular/Hepatologic Neurologic

Tongue Aorta XX Brain (w/brainstem)
Salivary glands X Heart Peripheral nerve
Esophagus Bone marrow (sciatic nerve)
Stomach Lymph nodes Spinal cord
Duodenum X Spleen (three lavels)
Jejunum Thymus Pltuicary

Ileum Eyes

Cecum Urogenital (optic nerve)

Colon

Rectum XX Kidneys Glandular

Liver Urinary bladder

Gallbladder XX Testes XX Adrsnals*

Pancreas XX Epididymes Lacrimal gland
Prostate Mammary gland

Respiratory Seninal vesicle XX Thyrocids*
Ovaries . XX Parathyroids*

Trachea Uterus Harderian glands
Lungs

Qthex

Bone (sternum and femur)
Skeletal muscle
Skin

X All gross lesions and masses

‘Weighed post fixation
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Results:
(a) Qrgan weights

Compound-ralated effects were observed in liver and thyroid;
possible effects were observed in kidney. Selected relative
organ weight data are presented in Table 5. Significant
increases were noted in relative liver welght at 20 (22% males)
and 40 mg/kg/da?‘(62x. males; 19%, females), relative
thyroid/parathyroid weight at 40 mg/kg/day '(49% males), and
relative kidney weight at 20 (11%, males and females) and

40 mg/kg/day¥(28%, males; 23%, females). Adrenal and thyroid
weights were determined post-fixation; the effect of this
process on these organ weights was not determined.; Significant
inc)eases in relative brain weight at 40 mg/kg/day (25% males)
were noted; however, since there is a lack of histopathological
evidence of toxic effect for the brain, these relative organ
weight changes are believed to be a result of decrsased body
welght., Significant dscreases in absolute testes/epididymes
weight was noted at 20 (14X) and 40 mg/kg/day (15%) (data not
shown). This change was not noted in relative
testes/epididymes weight and is not dose related, thus, it is
believed to be incidental,

Macrogcopic pathology

No compound-relatad gross findings were observed for either sex
at any dosage level.

Microscopic pathology

Dose-related increases in cthe incidence and severity of thyroid
effects and in the incidence of liver and spleen effects were
observed. A summary of histopathological findings in selected
organs is pregented in Table 6. Histopathology of the female
(20 mg/kg/daP} found dead on day 29 revealed suppurative
pyelonephritis and clironic hepatic and urinary bladder
inflammation, but this was not considersd compound related.

In the thyroid, decreased collojidal content was observed in
males beginning at 3 ing/kg/day?'but was increased in severity
only at 40 mg/kg/day; it was observed in females beginning at
20 mg/kg/day. Follicular cell hyperplasia was observed -
beginning ar 10 mg/kg/day in nales, and at 20 mg/kg/day in
females. In addition, small and c¢losely packed follicles were
observed beginning at 5 mg/kg/day in males and 20 wg/kg/day'in
fenales.

An increased incidence of bile duct hyperplasia was observed in
males beginning at 10 mg/kg/day. An increased incidence of

pigmented m%crophagea was observed the spleens of Bales at

40 mg/kg/day and females beginning at 10 mg/kg/day.’ Renal

tubule mineralization was observed in males at 40 ng/kg/day
but not in males at 0 mg/kg/day.

'Y
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Table 1. Sslactsd Body Weights and Body Weight Gains (g ¢ $.D.) in Rats Dosed
Orally with Aqueous Hydrogen Cyanamide for 28 Days*.:®

’

Mean Sody Veight

—ttan Rody Weight ot Weeki
Dose

(mg hydrogen g | 0 0-4
cyanamice/kg)

%2
233
214,
197

‘Data were axtracted from Study No. 2319-123, Table 2.
bMesn  $.D.

N = S Animals/sex/dose
“significantly different from controls (p<0.05)
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Table 2. Mean Food Consunption (g ¢ 5.D.) in Rats Dosed Orally with Aqueous
Hydrogen Cyauamide for 28 Days*® 01 0591

Total Food Consumption
AL _Week:

— Neen Fpod Conpumption ot Heek:
Dose

(mg hydrogen ; 1 F 3 Vb
cymnit!lllkn;’l

Hales

0 177.2 109.7 196.0
e 5 5 ()

5 18.6 196.5 198.1
L} (%) 4) “)

10 191.3 193.3 192.1
m 5 (5) {5)

20 170.1 179.1 164.7
N ) ) (4)

40 1644 148.6 135.2
(W) 5 ¢3) 5

Fsmales

0 164.7 161.4 146.1
LLH {5) 5 {5

5 140.1 138.7 141.0
o 3 %) (4}

10 137.4 5.9 $37.9 130.6
o 5 (&3] £}]

20 125.3 7.6 121.3 122.8
({}) (5 (%) 5

40 132.6 13.0 19.2 113.4
(N} €3] 3 (2)

*Data were extracted from Study No. 2319-123, Teble 3.
“Mesn  5.D.

°N = Number of animals

“Signiticently differer: from controls (p<0.05)
"*signiticently different from controls (p<0.01)
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Table 3, Selected Hematology Results in Rats Dosed Orally with Aqueous Hydrogen
Cyanamide for 28 Days**

Paramstor:

No. of snimals eveluated
Males
Fomales

RSC (MI/UL)
%!

Hemoglobin (g/dL)
!

Hu&;gcrit (%)
Msan Corpuscular
:I;?ll.obin 1{- "))
Mean Corpuscular

nuulobln‘
Concentration (g/dL)
i

Honocyte count
LTRAUL XX

RBC (MI/UL)
Hemoglobin (g/dl)
!

Hematocrit (%)
ﬁ)sc

Mesn Corpuscular
Hemoglobin (pg)

Mean Corpuscular
Hemoglobin
Concentration ¢g/dl)

Monocyte count
CTHAUL) (X)

‘0sta were extracted from Study No. 2319-123, Table 4.
"wesn  5.0.

“The blood sample from one male at this doss was clotted.
‘parcentage diffence from control values

'signi ficantly different frem control (pe0.0%5)
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Tabla 4. Selected Clinical Chsmistry Results in Rats Dosed Orally with Aqueous

010591

Hydrogen Cyanamide for 2B Days®:b

Doss ll?l (a9 hvdrogen gxmlmknﬂ !
Paramater: 10

No, of snimals evaluated
Males
Fomsles

Total bilirubin
(mg/dL)

Slood urea nitrogen
(mg/dL)

Globulin (gsdL)
Femples

Total bilirubin
{mg/dl) 0.1 0.09 0.1 0.08

Rlood ursa nitrogen
(mg/dL) 11.0 2.1 4.0 6.4

Globulin (g/dL) 1.8 0.1 1.7 0.2

‘Date were sxtracted from Study Mo. 2319-123, Tebls 5.
“Mesn E.D.
‘significently different from control (p<0.05)
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Statistically diffarent from control (p«<).08)

"Dats were extracted from Study Wo. 2319-1Z3, Tsble 8.

Nales
Females

No. of animsls evaluated

D Records Center Series
Tablse 5,
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Table 6. Selected Histopathological Results in Rats Dosed Orally with Aqueous
Hydrogen Cyanamide for 28 Days® 010591

[N
)

DMJX%UWMMMI
organ/Observation: 10

No. of animals evaluated®
Males
Females

Ihvreld
Cecreassd colloid content
Slight
Minimal
Hoderate
Nodarataly severe

Follicular cell hyperpladia
$light
Min{mal
Moderaste

Saall and clossly packed
follicles

Spleen
Pigmented macrophages

Liver
Bile duct hyparplasia

Kigney
No. of animals examined
Tubule mineralization

Ihyreid

Decreaswd colioid content
Slight
Hinimal
Nodarste

Follicular eell hyperplasia
Slight
Minfmal

Small snd closely packed
follicles

Spleen
Pigmented macrophages

Liver
Bile duct hypsrplasia

Kidney
No. of animals wxamined
Tubule mineralization

"Date were extracted from Study No. 2319-123, Table 9 and Appendix 7.
Pexamination of thyroid, spleen snd Liver
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REVIEVERS® DISCUSSION AND INTERPRETATION OF RESULTS 0iC591

The data reporting was thorough, and the summary means that were validated
were supported by individual animal data. The reviewers agree with the
study author that the dacreases in body weight, body weight gains, and food
consumption were dose related, and that the rough coat observed in the high-
dose animals was reflective of their compromised condition. Red cell mass
appeared to be decreased in both sexes at high dose as indicated by
significant decreases in erythrocyte hematology parameters (red bleood cells,
hemoglobin, hematocrit). The author suggests that this may be the result of
erythrocytic hemolysis, which would also support the slight increase in
total serum bilirubin among some of these animals. The increase in blood
urea nitrogen (BUN) and tubule mineralization suggest some renal effect in
males. However, whether the mineralization in males {s a compound-related
effect 1s equivacal since it was observed sporadically among some of the
control and low-dose females that were examined.

Increases in relacive organ weights were correlated with histopatho-logical
effects in the liver, thyroid, and possibly kidney. The thyroid, liver, and
spleen have been identified as target organr of toxicity. Ristopathological
examination of the thyroid showed follicular cell hyperplasia, decreased
colloid content, and small/closely packed foliicles. Although there were no
statistically significant changes in thyroid function parameters, thyroid
stimulating hormone values wera doubled in both males and famales at the
high dose compared to controls. These changes were not significant,
however, due to the high variability among these animals. The reviewers
believe that the bile duct hyperplasia, which was observed in males, may
represent toxic insult to the liver. There is validity to the study

author's suggestion that the pigmentation in splenic macrophages may be due
to phagocytized erythrocytes.

Deficiencies in the study include a lack of information on the ctability of
the test material and on the intermediate level dosing solutions. Lack of
stability is frequently encountered at lower dose levels, and cannot be
ruled out without this information.

Based on changes in the thyroid (males), the NOEL could not be determined;
the LOEL was 5 mg hydrogen cyanamide/kg/day®‘
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DATA EVALUATION REPORT

HYDROGEN CYANAMIDE

Study Title: Chronic Toxicity Study in Rats with Aquecus Hydrogen Cyanamide

Chronic Oral Toxicity Study in Rate

Prepared for:

Office of Pesticide Programs
11.5. Environmental Protection Agency
1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by:
Clement International Corporation

9300 Lee Highway
Fairfax, VA 22031-1207

April 15, 1993

-

Principal Author: =zt Date {/4?2 7 ?

n one, Ph.D,

Reviewer: _ZW%M Date f!li(‘f&

Willian McLellan, Ph.D,.

QA/QC Mangager:

Contract Number: 68010075

Work Assignment Number: 2-78
Clement Number:; 204

Froject Officer: Caroline Gordon
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EPA Reviewer: William Greear, M.P.H. Signature: WM fn L2~
Review Section IV, Toxicology Branch I Date: < 3

Health Effects Division (H-7509C)

Section Head: Marion Copley, D.V.M. Signature:
Review Section IV, Toxicology Branch I Date:

Health Effects Division (H-7509C)
DATA EVALUATION REPORT

STUDY TYPE: Guideline Series B3-1: Chronic Oral Toxicity in Rodents*&QT
MRID NUMBER: 421784-04

TOX CHEMICAL NO: (40

PC CODE: 014002

TEST MATERIAL: Hydrogen Cyanamide

SYNONYM: None listed

STUD ER: HLA Study No. 2319-125

SPONSOR: SKW Trostberg, AG; Trostberg, West Germany

TESTING FACILITY: Hazleton Laboratories America, Ine.,
Rockville, MD

TITLE OF REPORT: Chronic Toxicicy Study in Rats with Aqueous Hydrogen
Cyanamide

AUTHOR: Osheroff, M.R.
REPORT ISSUED: April 15, 1991

CONCLUSIONS: Aqueous hydrogen cyanamide was administered via oral gavage to
male and female Crl:CDBR rats at dose levels of 0, 2.5, 7.5, or 30 mg/kg/day
active ingredient hydrogen cyanamide for 16 weeks; dose levels were lowered to
0,1, 2.50r 7.5 mg/kg/day,.é week 17 because of excessive toxicity. Dosing
continued through week 91,

)
a.L.
NOEL (systemic effects) = 2.5 mg/kg/dayafor both sexes,

LOEL (systemic effects) = 7.5 mg/kg/dnyt('h\e high dose) based on significant
decreases in body weight gain and increases in the incidence of reduced
colloid in the thyroid in males and females,

Other treatment-related effects noted in males administered 7.5 mg/kg/day a,f.
included decreases in both thyroxine and triiodothyronine levels, gnd anemia
(decreased red blood cell count, and hemoglobin and hematocrit 1“@')'
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Qa.L
Clinical observations in both sexes receiving 7.5 mg/kg/daypconsisted of
hunched posture, tremors and rough haircoat.

At the doses tested there was no evidence of a carcinogenic effect.

CORE CLASSIFICATION: Core Guideline. This study satisfies the Guideline
requirements for a chronic study in rodents (83-1).

A. MATERIALS, METHODS, AND RESULTS

1. Test Article Description

Name: Aqueous hydrogen cyanamide (50X w/w, 53% w/v active
ingredient)

Lot numbers: 07-07-87 (received July 27, 1987); 12-04-88 (received
April 26, 1988)

Purity: 50% w/w Active ingredient (Sponsor analysis). Dosing
formulations were not adjusted for purity.

Physical property: Clear, colorless ligquid

Stabilicy: Stable for at least 76 weeks (refrigerated or stored at
room temperature

Storage condition: Under refrigerationm

Test Material Preparation and Dosing Regimen

Aqueous hydrogen cyanamide was administered once daily for 7
days/week by oral gavage at a dosing volume of 10 mL/kg. Dosing
volumes were adjusted based on individual animal’s most recent body
weight. The test material was prepared in purified water (conctrol
article) weekly and stored under refrigeration until use. To prepare
dosing solutions, the appropriate amount of technical material was
weighed into a beaker and then transferred to a volumetric flask.
Beakers were rinsed with distilled water, and the rinse was added to
the volumetric flasks, The contents of the flasks were diluted with
the appropriate amount of control article and the flasks were
inverted to obtain a solution,

Test 1 [+) urity and Stabilit

The purity of the test material in the dosing solutions was not
verified in the study.

The stability of the test material in the low- and high-dose
solutions (refrigerated samples) was determined at days 0, 7, and 10.
Further stabllity analyses at week 76 were repeated on the low-dose
solutions that were sampled at days 0 and 7 because the dosas levels
were lowered for all groups at wesk 17; both refrigerated o~d room
temperature samples ware analyzed for stability. All stability
analyses were performed in duplicate. Results showed that the test

2 44
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material in the low- and high-dose solutions were stable when stored
either refrigerated or at room temperature for at least 76 weeks;
test solutions were within +10% of target levels.

The concentration of test material in the dosing solutions was
determined weekly for weeks 1-4 and biweekly through week 92.
Results of concentration analyses indicated that test solutions were
within +10% of target levels with the exceptions of the high-dose
solution (88,.58% of target) at week 8 and the mid-dose solution
{117.3% of target) at week 38.

Animals

Species: Rat
Strain: Crl:CDBR
Age and weight at study initiation: 44 Days; males -- 212.9-243.8 g;
Females -- 154,2-191.4 g,
Source: Charles River Laboratories, Raleigh, NC
Houging: Individual
Environmental conditions: Temperature: 72+6°F
Humidity: 50420 X
Air changes: Not reported
Photoperied: 12-hour light/dark cycle

Animals were acclimated to laboratory conditions for 2 weeks and
were randomly assigned (on the basis of body weight) to the following
groups:

Weeks 0-16 Weeks 17-91

Doss Levals kg/da Dose Lavals gggk“dax;'-"

No. of Animals Active Active
Group Males Famalea Technical Ingredient Technical Ingtedient

1 Control 20 20 0
2 Low 2t 20 5
3 Mid 20 20 15
4 Righ 20 20 60

SJus to severe weight loss in the mid- and high-dose animals and general debilitation in health status, dose
levels were decreased for all dnu SIroups. ‘Pﬂl' hvoh ware decreased at wesk 17.

Thest deses art Usadin the fext ol This O R

EThe study was terminated at wesk 92 becauss of low su:vtvnl in the mid-doss females.

Dose selection: A rationale for dose selection was not provided.

5. Statistics
Survival data through week 91 were examined by life table analysis

(National Cancer Institute Package). Trend analysis of survival was
evaluated at the 5.0% one-talled probability level. Clinical

k!
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hematology (except cell morphology), clinical chemistry, body weight,
organ weight, and food consumption data were evaluated using Levene's
test for equality of variances. Log transformations were performed
when necessary. If variances were homogeneous, analysis of variance
(ANOVA) was used to analyze the data. If homogeneity of variance was
not established, analyses were performed on rank-transformed data.
Significant differences between treated and control animals were
analyzed by Dunnett's test. Statistically significant differences
were assumed at p<0.5.

Quality Assurance

A statement of compliance with Good Laboratory Practice Standards
{signed and dated 5/8/91) and a Quality Assurance Statement {signed
and dated 4/15/91) were provided in the study report.

B. METHODS AND RESULTS

1.

General Observaticns: Animals were observed twice daily for
mortality and moribundity. Cage-site observations for clinical signs
of toxicity were performed daily. In addition, detailed physical
examinations were conducted on each animal at every weighing
interval.

Results:

The number of scheduled deaths (SD) and unscheduled deaths (UD)
cccurring during the first 92 weeks of the study were reported (text
table 2, page 29 of the study report) for each dose group as follows:

Male

.2
Group T Gevrval)
(mg/kg/dax)‘..

Female

¥, . N\’
UD(‘HT‘:’IVII)

9 100 (47) 15 5(75)
12 8 (§O0 13 7 (65)
14 6 (10) 8 10* (¥¥)
14 5* (1 %) 14 2 (88)

*Nuwosber sxcludes animals that were killed accidentally,
Deasmindder deasnlt jncludl aceidonte] deatps

Although the study author indicated that cumulative survival data
through week 91 were evaluated statistically, the results of
statistical analyses were not presented, After 91 weeks on the
study, the survival (adjusted for accidental deaths) of the males was
47% in the contrels, compared with 68X, 70%, and 74X for the low-,
mid-, and high-dose groups, respectively. Among the females, the
survival after 91 weeks on the study was JBX in the controls,
compared with 65X, 44X, and 88X for the low-, mid-, and high-dose
groups, respectively. The study author indicated that statistical
analysis of survival data revealed a significant decrease (compared

“ - 46
BEST AVAILABLE COPY I
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to control) in the mid-dose females (the statistical data were not
presented). The cause of death varied among dose groups and included
accidents, neoplasms, and inflammatory processes, none of which were
attributable to treatment.

Hunched posture, tremors, and rough haircoat were the most notable
treatment-related clinical observations in most of the high-dose
rats, particularly during weeks 9-17. The incidences of these signs
were markedly decreased after the dose levels were lowered at week
17. Other clinical signs were incidental.

Body Weijght/Food and Water Consumption/Test Material Intake:

Individual body weight data were recorded at initiation of treatment,
once a week during the first 24 weeks of study and every four weeks
thereafter. Food consumption (g/week) was recorded once a week
during the first 16 weeks of the study and every four weeks
thereafter. Food efficiency was calculated at weekly intervals for
the first 16 weeks of treatment. Water intake was not monitored.

Results:

Body weight: Tables 1 and 2 summarize data on mean body weights and
mean body weight gains at selected intervals. Statistically
significant decreases in mean body welghts were seen in the mid-dose
males at weeks 4 (6.9%), 13 (14.8X), and 16 (15.8%) when compared to
those of controls. Statistically significant decreases in mean body
weights were seen in the high-dose males at weeks 4 (24.9%), 13
(61.6X), 16 (44.3%), 52 (30%), and 91 (32.1%) when compared to those
of controls. Statistically significant decreases in mean body
weights were seen in the mid-dose females at weeks 4 (5.8%) and 16
(6.5%) when compared to those of controls., Statistically significant
decreases in mean body weights were seen in the high-dose females at
weeks 4 (14.8%), 13 (23.7%), 16 (25,7X), 52 (11.3%), and 91 (16.5%)
when compared to those of controls.

Mean body weight gains were decreased dose-dependently in males and
females when compared to controls, particularly during the first 16
weeks of treatment, In males, statistically significant decreases
ware ohaerved in the mid-dose males at weeks 0-15 (24%) and in the
high-dose males at weeks 0-13 (66%) and weeks 0-16 (69%). 1In
femalesa, statistically significant reductions were observed in the
mid-dose females at weeks 0-16 (14X) and in the high-dose females at
weeaks 0-13 (58%) and at weeks 0-16 {59%).

As a result of the marked decreasss in body weight gains, dose levels
were reduced at week 17. Following the decrease in dose levels, mean
body weight gains in the mid- and high-dose males and females were
higher than those of controls at weeks 16-91. The increase was
statistically significant (p<0.05) in the high-dose females (58%
increase compared to control). At weeks 52-91, a marked decrease in
body weight gain was observed in the high-dose males (-7.4 g compared
to a gain of 41.5 g in the controls).
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Mean Body Weights (g) at Seleacted Intervals for Rats Dosed With Aqueous
Hydrogen Cyanamide for 91 wesks®

Dose Level (wclksg.i',

2.5 7.5

Males

226.7
575.6
667.6
767.0
760.1

Females

176. 174.7
13 03, 300.0
24 33}, 326.0
52 378, 379.1
91 468, 66,1

Data were sxtracted frowm Table &A of the study repert.
bhuse levels wers lowsred to 0, 1, 2.5, or 7.5 ma/kg/day at week 17

"Significantly different from control value, ps0.05,

TARLE 2. Mean Body Weight Gains (g) abt Selacted Intarvals for Rntj
Dosed With Aqueous Nydrogen Cyanamide for 91 waska®

Doza Laval (ulk;)" *

2.5 7.5

3.
Eenales

0.13 126.9 125.3
0-52 : 202.0 204.4
16.52 63.7 76.4
16-91 134.8 166.1
52.91 0.9 86.9

SData wers extracted frob Table 4 of the study report. P
PDose levals wers lowered to O, I, 2.5, or 7.5 mg/kg/day at wesk 17

‘Significantly differsnt from control valus, peD. 05,

[ BEST AVAILABLE COMY )
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TABLE 3. Mean Total Food Consumption (g) at Selected Intervals for
Rats Dosed With Aqueous Hydrogen Cyanamide for 91 weeks®

Dose Level (mg/kgx’..‘ 0% 0591

7.5

Fepales

Data were extracted from Table 5B of the study report.
®Dose levels were lowered to 0, 1, 2.5, or 7.5 mg/kg/day,ar week 17

*significantly different from control value, p<0,05.
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Food consumption: Mean food consumption (g/week) was slightly
decreased in the high-dose males and females during the first 16
weeks of the study; the decreases were not statistically significant.
However, total food consumption (g) was significantly (p<0.05)
decreased in the high-dose males at weeks 1-13, 1-16, 1-52, 16-52,
16-88, and 52-88; food intakes ranged from 73 to 92% of coantrol
values during these intervals. Total food consumpticn was
significantly (p<0.05) decreased in the high-dose females at weeks 1-
13, 1-16, and 16-88; food intakes were 88 to 91X of the control
values at these weekly intervals. Table 3 summarizes selected data
on total food consumption. There was no apparent effect on food
consumption in the low- and mid-dose groups. Mean feed efficiency in
the mid- and high-dose males and females were lower than control
during weeks 0-16; thereafter, an improvement in feed efficiency was
seen.

Ophthalmologic examina-iens: Ophthalmoscopic examinations were
conducted on all animals at pretest and at week 92.

There were no treatment-related ocular effects.

Clinjcal Pathology:

Hematological analyses were performed on the first ten surviving
animals per sex, per group at weeks 14, 27, 52, 79, and at
termination. Clinical chemistry analyses were conducted in these same
animals at weeks 14, 27, 52, and at termination, A second group of
animals (10/sex/group) was evaluated for thyroid function
(triiodothyronine, thyroxine, and thyroid stimulating hormone).
Leukocyte differential blood count and cell morphology were examined
in contrel and high-dose animals at the same intervals as the
hematological analyses, and in the low- and mid-dose animals at weeks
14 and 92, Blood was collected from the orbital sinus. Animals were
fasted overnight prior to blood collections. The checked (x)
parameters were examined.

(a) Hematology

Hematocrit (HCT)* X Leukocyte differential count
Hemoglobin (HGB)" Mean corpuscular HGB (MCH)
Leukocyte count (WBC)* Mean corpuscular KGB concen-
Erythrocyte count (RBC)" tration (MCHC)

Platelet count"® Mean corpuscular volume (MCV)
Reticulocyte count (RETIC) Coagulaticn:thtomboplastin
Red cell morpholegy time (PT)

* = Recommended by Subdivision F (November 1984) Guidelines

Results:

Table 4 summarizes selected hematology data. Hemoglobin
concentrations, hematocrit values, and red blood cell counts were

significantly decreased (9.6-13.4%) in the high-dose males at
week 14; however, no significant changes in these parameters were
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Hydrogen Cyanamide for 91 Weeks®

Representative Hematological Parameters in Rats Deosed With Aqueocus

Parameter/
Weekly

Interval

~

-4,
Dose Groups (mg/kg/da;ab

30.0

0

2.5

RBC (mi

Week 14
27
52
92

8.41:0.43
B.7320.33
8.42:0.62
7.58:0.86

Hesmoglobin (g/dL)

Week 14
27
52
92

15.7+1.12
15.9:0.71
15.520.77
13.8:18.0

Hematocrit (I)

Week 14
27
52
92

44.712.61
46.5+1.89
44.912 .49
4031467

L64:0.37
.64+0,.33
4610 .26
.89:0.53

G20 67
.8:0.63
.5:0.66
.1120.97

.8+2.05
L6122 .01
431 69
.912.55

,4310.61"
.3710.36
.3810.38
.34320.%6

.6+ .3°
.310.
.120.
112,

Lax3 .
.821.
111,
.55,

.0010.52
.0810.25
.7610.33
.37:0.70

.811.23
.910.61
.320.72
.B1+1,22

.523.15
.0+1.50
.2:2.15
.1:3.49

.38:0.40
L4610,35
.73:0.75
.560.71

16.710.68
16.7+0,54
15.3:1.33
15.1+1.46

46.5:1.92
47.611.07
43.723.59
43.714.15

(continued)

Females

.3910.
.2510.
L6410,
L5020,

0.
xl,
+l.
tl.

2,
2.
3.
£3.

.56+0.39
.12:0.25
.59:0.52
.21+1.08

15.2:0.83
15.610.58
14.9:0.61
14.3:1.82

44,412 .22
45.7+1.93
43 8:1.83
42,124 .92
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TABLE 4 (Continued)

L
Parameter/ . Dose Groups (mg/kg/da;sb
Weekly

Interval . . . 4 2.5

Males Females
Platelet (TH

Week 14 1093+ 77.4 10322167.9 915+ 54.1° 838:117.8" 1104:11C.0 909:108.0" 906+100.4" 653+153.6"
27 1116+122.9 1091:130.7 965: 85.6" 988: 46.9° 1042:106.6 1011+158.0 9501126.5 840£163.3"
52 1155:179.7 10481167.6 9661144.1 926:257.8 1069:102.3 908+212.3 9181203.9 8921134 .7
92 1160:305.4 932+295.2 934+186.2 955+257.0 882:371.6 815:208.2 8552138.2 6591275.7

Lymphocyte count (TH/UL)

Week 14 10.622.58 13.0:1.45 15.0+2.12° 16.14.03" 8.822 54 10.8 +2.47
27 10.511 .84 s 11.7+2.11 7.8:1.76
52 9.922.24 12.44+2 .82 6.8x1.22
92 9.522.15 . . 11.524 .23 12.5:7.64 5.6x1.79

*Data were extracted from Table 7 of the study report.
*Dose levels were lowered to 0, 1.0, 2.5, or 7.5 lg/kg/day at week 17.
‘Data not rxecorded.

*Significantly different from control values, p<0.05.
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noted at any of the remaining intervals, possibly reflecting the
lowering of dose levels at week 17. Platelet counts were
significantly decreased in the mid- and high-dose males at weeks
14 (16.3% and 23.3%, respectively) and 27 (13.5% and 11.5X%,
respectively), in all female dose groups at weeks 14 (18-41%),
and in the high-dose females at week 27 (19.4%); however,
platelet counts were still within the normal range. No
significant differences in platelet counts were noted after 27
weeks.

In the mid- and high-dose males, leukocyte, corrected leukocytes,
and absolute lymphocyte count were significantly increased (38-
52%) only at week 14, In the high-dose females, absolute
lymphocyte count was significantly increased (47%) only at week
14. All of the above-mentioned hematological changes were
treatment related. These changes were resolved by week 52.

Blood (elinical) chemistry

Electrolytes ther

Calcium” Albumin®
Chloride" Albumin/globulin ratio
Magnesium Blood creatinine”
Phosphorus” Blood urea nitrogen®
Potassium’ Cholesterol”
Sodium” Globulins
Glucose’
Enzymes Total bilirubin®
Direct bilirubin
% Alkaline phosphatase (ALP) Total protein*
Cholinesterase (plasma, RBC, brain) Triglycerides
X Creatine phosphokinase
Lactic acid dehydrogenase
¥ Serum alanine aminotransferase (SGPT)"
X Serum aspartate aminotransferase (SGOT)"
X Gamma glutamyltransferase (GGT)

* = Recommended by Subdivision F (November 1984) Guidelines
Results;

Table 5 summarizes selected clinical chemistry data. Glucose
levels were significantly (p<0.05) decreased in all treated
females (20-40%) and in the mid- and high-dose males (28% and
32%, respectively) at week 1l4; the significant decreases
persiated in the high-dose males (week 27) and in the high-dose
females (weeks 27 and 52). Among other clinical chemistry
parameters measured at week 14, significant differences compared
with control included decreased albumin (9.4% and 13% in mid- and
high-dose females, respectively), decreassd total protein (7.1%
and 14.3X in the mid- and high-dose females), decreased globulin
in high-dose males (21%) and females (22X), increased
albumin/globulin ratio in high-dose males (50X), decreased

7
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TABLE 5. Selected Clinical Chemistry Findings in Rats Dosed With Aqueous Hydrogen Cyanamide for 91 Weeks?®

ac
Parameter/ : Dose Groups (mg/kg/day;t'
Weekly

Interval . . . 0 2.5

Males Females

Serum glucose dL

Veek 14 116:33.2 110222.5 84:15.3" 7916.0" 121+32.9 94116.1" 97125.6" 73: 8.8
27 106+23.1 11411C.6 101:12.8 8416.1" 111:14.9 100116.6 107125.5 85+ 6.6°
52 116227.3 122+27.9 104:13.0 97+13.0 107+7.9 114:18.8 1031222.1 91: 7.3"
92 105:28.0 120+34.3 102+21.9 89:14.2 107:32.9 96:21.3 107119.6° 95+20.9

Total protein

Week 14 . . . . . . . . . . . . . .45" . .29*
27 . . . . . . - - . N . . . .50 . .62
52 . . . . . . . . . . . . . .53 . .40
92 . . . . . . - . . . . . . .39 . .94

Calcium (wg/dl)

Week 14 10. ; . . . . . . . . . . . . . .ag*
27 11. . . . . . . . . . . . . . . A3

52 10. . . . . . . . . . . . . . . .30

11. . . . . . . . . . . . . . . .78

Week 14 . . . . . . . . . . . . 4.8:+0.37" . .28"
5

27 . . . .5+0.48 . .51
52 . . . . . . . . . . . . 5.5:0.43 . .27
92 . . . . . . . . .20 . . 4.9:0.31

(continued)
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TABLE 5 (continued)

e,
Parameter/ Dose Groups (mg/kg/day)®
Weekly '

Interval . . . 0

Females

Globulin dL

Veek 14 1.910.22 . . . . . . 1.4:0.22%
27 1.920.23 . . . . . . 1.610.28
52 2.1+0.30 . . . . . . . 1.8:0.35
92 2.7:0.50 . . . . . . 2.4:0.49

Triiodothronine (ng/dL})

Week 14 74.6115.00 17 .74 .5¢11.81 . . . . . 62.5:15.
27 72.3+18.71 .6£12.92 .3:15.31 . . . . . 71.6:13.
52 71.4:19.76 .9x11.35 .8:19.83 . . . . . 84.5+16.
92 89.8142.94 L9224 .15 .2119 85" . . . . . . 61.71l6.

Thyroxine dL

Week 14 5.5:1.39
27 4,8:+1.08
52 3.6:1.26
92 3.3:1.01

*Data were extracted from Table 7 of the study report. a.,g
bpose levels were lowered to 0O, 1.0, 2.5, or 7.5 mg/kg/day, at week 17

‘Significantly different from contrel values, p<0.05.

o
o
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calcium in high-dose females (7.5%), inecreased inorganic
phosphorus in high-dose males (13%), increased gamma
glutamyltransferase in high-doze males (200%) and females (100%),
decreased sodium in high-dose males (1.4%) and increased
potassium In high-dose males (11.7%).

Alterations in thyroid hormone levels were noted in the mid-
and/or high-dose males and females. Significant decreases in
thyroxine levels were observed in the high-dose males at weeks 14
(36%) and 92 (30X%X). Additionally, triicdothyronine levels were
significantly decreased in the mid- and high-dose males (33% and
50%, respectively) and in high-dose females (24X%) at week 92.

Although significant increases in total cholesterol levels (data
not shown) were observed in all treated males at week 14, the
increases were not dose related. Other clinical chemiscry
changes were sporadic and not considered to be treatment-related.

Urinalysis

Urinalyses were performed on the first 10 animals/sex/group at
weeks 14, 27, 52, 79, and at termination. The checked (x)
parameters were examined,

X Appearance’ X Sediment (microscopic) X Bilirubin®

X Volume” X Protein’ X Blood

X Specific gravity" X Glucose® Nitrate

X pH" X Ketones X Urobilinogen

* = Recommended by Subdivision F (November 1984) Guidelines
Results:

Summary tabulation of urinalysis data was not provided; however,
individual data were provided. An increase in the incidence of
urinary ketone bodies was noted in cthe mid- and high-dose rats ac
week l4; in the high-dose rats at weeks 27, 52 and 79; and in the
mid- and high-dose males and high-dose females at week 92
(results summarized in Table 6). The increase in urinary ketone
bodies may have been partially due to decreased nutritional
status of the animals.

Sacrifice and Pathology

Necropsy was performed on all animals. Tissues were preserved in 10%
neutral-buffered formalin. At termination, a thorcugh histopathol-
ogical evaluation was performed on all control and high-dose animals,
and on all animals that died or were sacrificed in a moribund
condition during the study. In addition, the thyroid gland from all
animals was examined microscopically. Also, the lungs, livers, and
kidneys in the low- and mid-dose animals were examined
microscopically. The tissues checked (X) below were examined

. At
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TABLE 6. The Incidence of Urinary Ketone Bodies at Selected Weeks for
Rats Dosed With Aqueous Hydrogen Cyanamide for 91 weeks®

a .t
Dose Level (mg/kg)®

2.5 7.5

Females

0/10 1/10 6/10
0/10 0/10 0/10
0/10 2/10 2/10
0/11 0/10 2/10
1/16 4/13 2/8

‘Data were extracted from Appendix 9 of the study report C
bDose levels were lowered to 0, 1, 2.5, or 7.5 mg/kg/daysat week 17
‘Number in the denominator indicates total number of animals examined
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histologically. In addition, the double-checked (XX) organs were
welighed from 10 rats/sex/group sacrificed at termination,

Digestive System

Tongue

Salivary glands*
Esophagus*
Stomach¥
Duodenum#*
Jejunum*

Ileum*

Cecum*

Cardiovascular/Hematologic

X Aorta*
X Heart*
X Bone marvow#
X Lymph nodes*
X Spleen*
X Thymus%

Urogenital

Neurologic

XX Brainw

X Peripheral nerve
(sciatic nerve)%

X Spinal cord#*
{three levels)

X Pltuitary#

X Eyes (optic
nerve)#

Colon*
Rectum*
Liver*
Gallbladder*
Pancreas#*

Kidneys#

Urinary bladder#*
Testes*
Epididymides
Prostate

Seminal vesicle
Ovaries

Uterus*

Vagina

Cervix

Glandular

XX Adrenals*
laerimal gland

X Mammary glandx*

X Thyroids**

X Parathyroids**
Harderian glands

e §>¢NMN><><><>¢M

Respiratory

X Trachea*
X Lung*

xxxﬁxxxﬁxﬁ

Other

X Bone (sternum and femur)¥*

X Skeletal muscle#*

X Skin*

X All gross lesions and masses¥

* = Recommended by Subdivision F (November 1984) Guidelines

4 Weighed postfixation

(a) Organ weights:

A slight (6.7%) but statistically significant (p<0.05) decrease
in absolute brain weight was noted in the high-dose females when
compared to controla. GStatistically significant increases in
relative (to body weight) organ weights were observed in the
high-dose males and/or females; these included the thyroid (with
parathyreid), brain, kidney, liver and testis with epididymides.
However, the increases in telative organ weights may have been
due to the significant decreases in mean terminal body weights in
the high-dose animals.

Gross pathology:

No gross lesions attributable to administration of the test
material were found.
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Microscopic pathology:

The only treatment-related nenheoplastiec lesion was confined to
the thyroid gland. An increased incidence of slight-to-moderate
reduced colloid, characterized by microfollicles, was noted in
the mid- and high-dose animals. Also, this lesion was observed
in animals at both scheduled and unscheduled deaths. The
incidences of reduced colloid in the thyroid (combining incid-
ences at unscheduled and scheduled deaths) for the control, low-,
mid-, and high-dose males were 0/20, 0/18, 7/20, and 17/18,
respectively. In females, the incldences were 3/20, 1/20, 5/20,
and 16/20, respectively.

No increase in the incidence of neoplastic leslons in dosed
groups were observed.

DISCUSSION

The design and conduct of this chronic oral study in rats were
adequate. Initially this study was intended to be 52 weeks in
duration, but because of concern regarding the potential of test
material residue on the intended-use crop, the sponsor requested that
the study be extended to 104 weeks. However, the study was terminated
at week 92 due to low survival in the mid-dose females. 1In addition,
dose levels were lowered at week 17 as a consequence of the marked
reductions in body weight during the early part of the study.

The results of this study indicate the thyroid as a possible target
organ for hydrogen cyanamide toxicity. An increase in the incidence
of reduced colloid was noted in the mid- and high-dose animals. In
addition, the analysis of thyrcid hormone levels revealed possible
treatment-related effects on thyroid function as indicated by
dacreases in both thyﬁe ine and triiodothyronine levels in males
receiving 9.Fmg/kg/day.”® Although a previous mouse oncogenicity study
(cited in the study report as Hazleten Project No. 53613) identified
the ovary as a potential target organ, there were no treatment-related
ovarian lesions noted in this rat study.

Significant reductions in body-weight gain were observed in both mid-
and high-dose males and females, especially during the first 16 weeks
of the study. A slight but statistically nonsignificant decrease in
food consumption was noted in the high-dose males and females during
the first 16 weeks of the study.

Numercus differences from control rats were noted in clinical

pathology parameters, particularly at week l4. Results of the l4-week
hematological analyses suggested anemia (decreased red blood cell

count, hemoglobin and hematocrit levels) only in the high-dose males;

these effects were not significant following week 14, possibly

reflecting the lowering of dose levels at week 17. Increases in

lymphocyte count were seen in mid- and high-dose males and females at

woek 14. Platelet counts were decreased In mid- and high-dose males 55)

10
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and females at weeks 14 and 27, but were still within the normal 0 g
range. Among the clinical chemistry parameters observed in both mid-
and/or high-dose animals ac week 14, there were significant decreases
in glucose and globulin levels, and increases in GGT acrivicy.

Based on significant decreases in body welght gains and an increased
incidence of reduced colloid in the thyroid, the LOEL is 7.5 mg/kg/day’
active ingredient hydrogen cyanamide in males and females. The NOEL
is 2.5 mg/kg/day active ingredient hydrogen cyanamide for both sexes,
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DATA EVALUATION REPORT

STUDY TYPE: Reproductive toxicity; Guideline Series 83-4

EPA IDENTIFICAYION NUMBERS
PC CODE: 014002
TQX CHE{, NUMBER: &&w~\4O
MRID NUMBER: 415665-04
TEST MATERIAL: Aqueous hydrogen cyanamide (50% w/w)
SYNONYM: None
SPONSOR: SKW Trostberg, Trostberg, Germany
STUDY NUMBER: 2319-126
IESTING FACILITY: Hazleton Laboratories America, Inc., Vienna, VA

IITLE OF REPORT: Two-Generation Reproduction Study in Rats with Aqueous
Hydrogen Cyanamide (50% w/w)

AUTHOR: Sandras L. Morseth
REPORT ISSUED: April 19, 1990

CONCILUSTONS : In a two-genseration reproduction study, Crl:CD ‘BR rats were fed
aqueous hydrogen cyanamide (50X w/w) daily by gavage at doss lavels of 032.5

7.5, or 30 mg/kg/day a.i. (F, generation during premating) or 0,L95,3.75, or
15 mg/kg/day a.i. during premating (F, generation), gestation and lactation
(Fy and F, femalas).

Parental NOEL =\ ag/kg/day a.i.

Parental LOEL =335mg/kg/day a.i. based on significant decreases in body
weight/welght gain and food consumption

Reproductive NOEL « not detarmined

Reproductive LOEL = L%§ ng/kg/day a.i. based on decreased pup viability
and body weight in both generations

In addition, at = 1$mg/kg/day a.i., decreased fertility was observed in
both generations.
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CLASSIFICATION: CORE Minimum Data. Ao + -
E'v e Thoagh There js N0 REpwducT, NotlL g pew STudy, is neT required ,
This study doss satisfy the guideline requirsaent for a reproduction study
(83-4) in rats,.

SPECIAL REVIEW CRITERIA: (40 CFR 154.7) None

A.  MATERIALS ‘ BEST AVAILABLE COPY !

Jeat Compound

Purity: 50% w/w

Description: Clsar colorless liquid
Lot number: 07/07/87

Date received: July 29, 1987
Contaminants: None reported

Storags: Under refrigeration
Expiration date: Not reported

Yehicle: Disrilled water (lot numbers: 222901; 0826903;
1028501; and 1229902)

Iest Anipals

Species: Rat
Strain: Crl:CD®BR (VAF/Plus™)
Source: Charles River Laboratories, Inc., Raleigh, NC
Age: »7 Weeks at dose Initlation
Weight: Fy males--181-315 g at study initiation
F; females--161-205 g at study initiation

STUDY DESICGN

This study was designed to assess the potential of aqueous hydrogen
cyanamide to cause reproductive toxicity when administered daily by
gavage for twou successive generations in rats.

Mating: Afcer 21 days of acclimatization followed by approximately

14 weeks of daily oral administration, F, females were paired with males
in a ratio of 1:1 until a plug or sperm was detected in a vaginal smear
(or for a maximua of 21 days). The day of observation of sperm or plug
was designated as day 0 of gestation (GD).

After at least 14 wecks of treatment, the F; parental animals were paired
in a similar manner for a maximum of 21 days; sibling matings wers
avoided.

Animal Husbandry: Food (Purina® Certified Rodent Chow $5002) and tap
water were supplied gd 1ibitwp. Temperature and humidity were maintained
at 67-85°F and 24-85X%, respectively. A 12/12-hour light/dark cycle was
maintained; frequency of air changes was not reported,
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Fy and F, animals wers distributed using a computer-
generated weight randomization procedurs. F, animals were selected by
random card draw. The animals were assigned to four groups as follows:

Diecary Number Assigned per Group
Test Lesvel in Fs E: 0 1 0 5 91
Group ag/kg/day” Males Females Males Females

Al

Control 0 26 26 26 26
low dose (b2 S 26 26 26 26
Mid dose 3.7 5 26 26 26 26
High dose {5 26 26 26 26

*Fy parental animals received 015, 5 or $0 mg/kg/day a.1i. until the
beginning of premating week 12.

Dose sdministersd: The test solutinn was administersd daily by gavage
(10 mL/kg/day) at dose levels of 0,25, 15, or 30 mg/kg/day a.i. Because
of severe weight loss in the F; animals from the high-dose group, the
dose levels were amended during premating week 12 to be 0,12 5,37 5, and
15 mg/kg/day a.i. These doses were administered to the animals from then
on, for two consecutive generations.

Test solutions wers prapared weakly and stored under refrigeration. The
desired amount of aqueous hydrogen cyanamide (50% w/w) was welighed and
poured into a beaker. Distilled water was added to the beaker and the
solution was mixed on a magnetic stirrer for 2-3 minutes. The content
was poured into a precalibrated beaker; the beaker was rinsed with water
and its content was poured into the precalibrated beaker. The desired
volume of the test solution was achisved by adding distilled water; the
solution was mixed on a magnetic stirrer and transferred to a jar for
dosing. Analysis for concentration was performed by UV spectrophotometry
weekly for the first 4 weeks and every 4 weeks thereafter. Analysis for
stability atl5- and,ﬂ-ng/kg/day a.i, dose levels was conducted following
10 days of refrigeration, 1In addition, the test material stabilicy at

2 mg/kg/day a.i. was analyzed after 7 days of refrigeration.

Dose rationale: A rationale for the selection of dose levels was not
provided.

Observations: Observations for mortality and moribundity were conducted
twice dally and cageside observation data wers recorded once daily.
Overall clinical examinations, body weight, and food consumption data
were recorded weekly for all animals; and for females on GDs O, 7, 14,
and 20 and on lactation days 0, 4, 7, 14, and 21 with the exception of
food consumption data, which was not recorded during mating or beyond
lactation day 14,

The following data were recorded for each litter:

. Geststion lemgth |_BEST AVAILABLE COPY )
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Nunber of live and dead pups, sex, clinical observations, and pup
weight at birth and on lactation days 1, 4, 7, 14, and 21

- Gross and bshavioral abnormalities

Uteri of mated females, found dead or sacrificed when moribund, weras
examined for implantation sites, early or late resorptions, and for live
fetugses; ovaries were examined for corpora lutea. Uteri of apparently
nonpregnant females were examined by pressing between two glass slides to
detect implantation sites.

On lactation day 4, pups were randomly culled to 4/sex/litter whenever
possible. Culled pups and pups dying or killed during lactation were
examinsd extsrnally then sacrificed and examined for visceral
abnormalities. At weaning of the F, pups, 2 pups/sex/litter wers
selected randomly as potential F, parental animals. Of these, one pair
was designated as the breeder and the second pair was designated as the
alternate. All F, pups niot selected for the F, parental group or for
histopathological examination were sacrificed and subjected to grosa
examination.

Parental animals of both generations and 1 pup/sex/generation/group were
sacrificed and subject to a complete necropsy after weaning including
sxternal surface; all orifices; cranial cavity; and zevvical, thoracic,
and abdominal viscera. The following tissues were preserved in 10%
neutral buffered formalin. Histopathology was conducted on the following
organs from the control and high-dose groups.

- Ovaries - Testes

- Uterus - Epididymides

- Vagina - Seminal vesicles
- Cross lesions - Prostate gland

Statistical apalysis: The following analyses were conducted.

. Body weight, body weight change, food consumption, gestation length,
and litter data (total number of pups dslivered, and number of live
pups during certain intervals of lactation period)--Levene’s test,
ANOVA and Dunnett’s test

Pup body welght-- ANCOVA and Dunnett’s test {(litter size as
covariate)

Reproductive indices, and pup and litter incidences-- Cochran-
Armitage trend test, Chi-Square test, and Fisher-Irwin two-sample
exact test

Compliance:

A slgned Statement of No Data Confidentiality Claim, dated April 30,
1990, was provided.

A signed Statement of Compliance with EPA GLPs, dated April 19,
1990, was provided.
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A signed Quality Assurance Statemsnt, dated April 18, 1990, was
provided,

010591

RESULTS
Test Material Analysis

Concentration analysis revealed values from 94X to 103% of target. Based
on the results of a previous study (HLA No,2319-125), the study author
claimed that the test material was stable for 10 days stored under
refrigeration, but the results wers not provided. The stabilicy analyses
of aqueous cyanamide solution (49% w/w) conducted in another study
(V91.391; MRID No. 421784-06) revealed a valus of 99% demonstrating that
the compound was stable for one week (when stored daily at 4°C for 22
hours and at room temperature for 2 hours),

Parental Toxjcity

Mortality: No compound related mortalities were observed in either sex
or gensration. Incidental deaths/moribund sacrifices are described
below.

In the Fy, generation, one male from the control group died of gavags
error following dosing during week 5 of premating. One nonpregnant
female at 18 mg/kg/day a.i. was found dead during #he rest phase (week 6
pastweaning); this female had thickened uterine walls, distended cervix,
hydrometra, and fluid filled abdominal cavity. The cause of death was not
determined,

In the F, generation, one male at 375 mg/kg/day a.i. died during the F,
weaning phase; necropsy did not reveal any remarkable findings. One
female each from the control and 1.325-mg/kg/day a.i. dose groups were
sacrificed moribund on days 22 and 26 of gestation, respectively; these
females did not deliver pups. In addition, one female from the control
group was sacrificed moribund during week 1 of the rest period because of
a perforated esophagus due to gavage error.

Clinical obgervations: Compound related clinical signs were observed at
30 mg/kg/day a.i. in F; males following week 8 of the premating and
persisted until final sacrifice. Signs (data not shown) consisted of
rough haircoat (12/26 males) and thin appearance (6/26 males); when the
dose was resduced to ,5 mg/kg/day a.i., these signs were not observed in
F, males. Similar signs were seen in 3/26 F, females from the

30 mg/kg/day a.i. dose group. Incidental findings, noted in all dose
groups including controls, consisted of chromodacryorrhea, alopecia, and
cut taeth,

Body weight: Compound related effects on body weight and body weight
gain were observed in both sexes and generations at mid- and high-dose
levels (? /'s¥%5and 30,15 nmg/kg/day a.i., respectively). Summaries of
body weight and weight gain data for selected intervals are presented in
Tables 1 and 2. Cverall results are discussed below,
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Among Fy females, food consumption was decreased during weeks 0-12 of
premating. It was comparable among all dose groups during gestation but
wvas lower than control at the high-dose on lactation days 0-14 (data not
shown) .

In the F, gensration among males, & significant decrease in food
consumption was noted at high-dose during weeks 0=23 of premating

(Table 3), mating, and postmating periods except for weeks 1l-4, 7-8, and
18-19,

Anong F, females, food consumption was decreased during weeks 0-14 of
premating except for weeks 1=3, 6=-8, and 12=13., Food consumption was
lower than control at high-dose during the entixe gestation psriod (days
0-20), but was comparable in all dose groups during the lactation days
0=14 (data not shown).

i No compound related gross/histopathological
findings were observed in either sex or generation. Incidental
histopathological findings occurring in the control and high-dose males
in both generations consisted of mononuclear cells in epididymis, chronic
Inflammacion of prostate, degeneration of testis and vacuclization and
necrosis of the liver (F, males only).

Reproductive Toxicity

Compound related reproductive toxicity was observed at all dose levels.
It was manifested as reduced fertility at the high-dose and significantly
reduced viability and body weights of F; pups at all thres dose levels.
Summaries of these effects are presented in Tables 4 and 5. Detailed
results are presented below.

In the Fy generation (Table 4), a statistically nonsignificant decrease
in fertility was observed at the high-dose and 3/20 dams failed to
deliver their litters. The viability index was significantly lower than
control in all dose groups. The number of live pups/litter on day &4
precull and day 7 postpartum at the high-dose was significantly lower
than control. Pup body weight (both sexes) was considerably decreased at
all dose levels by the time of weaning on day 21. It was significantly
lower than control at the high-dose on day(s) 0 (females), 14 (malss),
and 21 (both sexes) postpartum; at the mid-dose on day &4 precull and
postcull (both sexes), days 7=21 (both sexes); and at the low-dose on day
7 (males) postpartum,

In the F, generation (Table 5), a statistically nonsignificant decrease
in fertility was observed at the high-dose. The viability index was
significantly decreased compared to control in all dose groups in a dose-
related manner. Incidental increases wers noted in the mean number of
live pups/litter at mid-dose on day 0 and in the lactation index at the
high-dose. F; pup body weight was comparable in all dose groups.

No compound related clinical signs or gross/histopathological findings
were observed in any litter or generation,
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In the Fy generation among males, body weight was significancly lower
(4~32%; px0.05; Table 1) than control at the mid-dose during weeks 7-13
of premating; and at high-dose during weeks 1l-24 of premating, mating,
and postmating periods. Body weight gain for these males was
significantly lower (ps0.05; 83X at mid-dose and 40X at high-dose) on
weeks 0-12; and was significantly higher (pz0.05; 56X at mid-dose and 46%
at high-doss) on wesks 12-24. Sporadic changes in body weight and weight
gain at the low-dose were not considered to be compound related.

Among Fo females, body waight was significantly lower (5=-31X; p<0.05};
Table 1) than control at the mid-dose on wesks 4-13 of premating and week
16 during mating; and at high-dose on weeks 2-18 of premating and mating
periods. Body weight gain wag significantly lower (18-54%; ps<0.05) at
the mid- and high-doses on weeks 0-12 of premating period. For the
entire gestation period (GDs 0-20) at the high-dose, body weight
(significantly) and weight gain (non-significantly) were lower (13-18X;
Table 2) than control, However, the decrease in body weight gain during
GDs 14-20 (35X) was partially attributed to a loss of three females.
During lactation, body weight of these females was significantly lower
(10-13%; Table 2) on days 0~7. Dams gained 25 g compared to a loss of

1 g in the control group during days 0-21. During the rest period, body
weight and weight gain for high-dose females weres significancly lower
(=11%; pg0.05) on weeks 4-8 and 1-8, respectively (data not shown).

In the F; generation among males, body weight was significantly lower (6-
25%; ps0.05; Table 1) than control at the mid-dose on weeks 1, 13, and 14
of premating; and on weeks 18-21 and 24-27 of postmating period; and at
the high-dose on weeks 0-27 during the premating, mating, and postmating
periods. Body weight gain was significantly lower (15-67%; Table 1) at
the mid-dose during weeks 8-27 and at high-dose on weeks 0-27 during the
premating, mating, and postmating. Sporadic decreases in body weight and
body weight gain in the low- and mid-dose groups were not considered to
be compound ralated.

Among F, females, body weight was significantly lower (9-19%; p£0.05;
Table 1) than control at the high-dose on weeks 0-16 during the premating
and mating periods. Body weight gain for these females was significantly
lower (9%; ps0.05; Table 1) on weeks 0-12 of premating period. For the
entire gestation period (GDs 0-20), body weight and weight gain at the
high-dose were lower (15-21X%; ps0.05; Table 2) than controls. During
lactation period at the high-dose, body weight was lower (10-17%; ps0.05;
Table 2) on days 0-21, but body weight gain was higher for the same
period. During the rest period, body weight at the high-dose was lower
(9-16%; p<0.01) than control on weeks 2-7: whareas high-dose dams lost
9.4 g barween weeks 4-7 compared to a 1.6 g gain for controls.

Food consumption: Compound related effects ware ohsarved in food
consumption (g/animal/week) during premating in high-dose F; and F, males
and females. Sporadic changes in food consumption at low- and mid-dose
levels were not considered to be compound related. Summary of results of
food consumption for the selected intsrvals is presented in Table 3.

In the Fy; generation among males, a significant decrease in food
consumption was noted at the high-dose during weeks 0-23 of premating
(Table 3), mating, and postmating periods except for weeks 20-21.

6
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REVIEWERS® DISCUSSION/CONCLUSIONS
Test Material Analyses

Concentrations of the test material in the dosing solutions were within
+102 of nominal values. The stability of the test material in the dosing
golurion had previously been confirmed.

Parental Toxjcicy

Compound related parental toxicity was observed at the mid- and high-dose
levels in both sexes and generations. It was manifested as significantly
decreased body weight/welight gain (wid- and high-dose levels) and food
consumption (high-dose only). No compound related effects were seen in
mortality, clinical signs, or gross and microscopic observations.

010591

Based on these results, the NOEL for parental toxicity wasl® mg/kg/day
a.i.; the LOEL was}7 5 ng/kg/day a.i.

Reproductive Toxicity

Compound related reproductive toxicity was observed in both generations
at all three dose levels. It was manifested as decreased (albeit
statistically nonsignificant) fertility in both generations at high-dose;
significantly decreased viability in both generations at all dose levels:
and significantly decreased F, pup body weights at all dose levels. The
study author considers the decreased pup viability on days 0-4 to be
normal variation. This conclusion was based on the laboratory’s
historical control range (1.1-39.B%; mean = 9.97%). The reviewers
disagree with this conclusion based on the following reasons:

1. A range of 1-40% decreased pup viability on days 0-4 cannot be
considered "normal."” Therafore, the historical control data are
questionable.

The consistent decreases across generations and dose groups cannot be
considered incidental or normal variation.

The decreases were statistically significant when compared to
controls.

The reviewers consider the decreased viability to be compound related. A
review of the litters affected (Table 6) from day 0 to day 4 of lactation
indicates that in both generations thers is an increase (statistically
significant) in the percentage of pups dying or missing (presunably
cannibalized) and in tha litters affectad on the basis of sex or simply
total litters affectad in all treatsd groups as compared to controls.

The lack of a doss-response in ths F, generation is dus to the lower
number of dams presan: at the high-dose level. The decreass in viability
is noted early in lactation and may be medisted through compound in the
milk or through effects subsequent to {n utexg exposure.

The decreased F, pup body weight support the lack of establishment of a
reproductive NOEL and may be explained by the higher parental compound

69
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intake during F, premating. When the dose was decreased, no effect was

noted in F; pup body weights,
Based on these results, the LOEL for reproductive toxicicy was 010591

25 kg/day a.i; the NOEL was cn: determ
VB 25 vhe NOBL vas por detemnified.  ginee Thert bes A

doce wspensX for T Reprudncefive ¢ ofec] GN’ Tha thlTh\J‘L im the RDTwWAS
K4 Lo:id .
CLASSIFICATION: CORE Minimum Data.

Parental toxicity NOEL =,%%mg/kg/day a.i.
Parental toxicity 1OEL =},7 5 mg/kg/day a.i. based on decreased body
weight/welght gain and food consumption

Reproductive toxicicy NOEL = Not determined

Reproductive toxicity LOEL =42 5 mg/kg/day a.i, based on decreased
viabiliey

RISK ACCESSMENT: Not applicable

BEST AVAILABLE CoPY !
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Table 1. Body Weight (g ¢ S.D.) During the Premating Period for Rats
Administered Aqueous Hydrogen Cyanamide by Gavage for Two Successive
Generations®:P

Rose Level (ma/kg/dey 9,i.)
_2.5/1:25 .5/3.98

Study Week

]
Wt. Gain 0-12

We. Gain 0-12

£y fymlen

0 L)) 9 L) [l
3 185 13 187 2 179
? 281 19 s N 235
12 302 e B v

Wt. Gain 0-%2 21 3N R a2

‘Data were extracted from Study No. 2319126, pp. 69=7S, snd 133-139.
“the dose Lavels were smended during presmting week 12 to be 0 )2 337 5, e t§ me/kpscey 5.1,

ll'nificmtly different from control (p 0.0%)
“Significently different from contrel (p 0.01)
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Table 2. Body Weight (g + S.D.) During Gestation and Lactation for Rats

Administered Aqueous Hydrogen Cyanamide for Two Successive
Generations*

Roge Level (may/kg/davy g.i,)

.25 s

14
20

Wt. Gain 0=20

EiGenerption-F, Litters

0
?
14
20

Wwt. Gain 0-20

361
355

1 3¢9
i
Wt. Gain 0-21 o

‘Data ware extracted from Study No. 2319-126, pp. 76~79 end 140-143.
**stgnificently different from control (p 0.01)
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Table 3. Food Consumption (g/animal/week) During the Premating Period for

Rats Administered Aqueous Hydrogen Cyanamide for Two Successivbe "
Generationg*:® 105

91

—Dbose Level (mg/kg/dav 9.3.)
25713 1:3/2.28

125 1,, 131
133 %6 16 135
150 153 13 151
148 155 27 %7
135 %2 13 139
144 1“3 14 139

‘Date were extracted from Study Ne. 2319-126, PP, 82-88 end 146=130.
. 125,305 emd IS
The dose levels were amended during the premeting week 12 to be 0, y/kg/day a.3.

.Signiticantly different from control (p 0.05)
Significently different from control (p 0.01)
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Table 4. Effects of Dietary Administration of Aqueous Hydrogen Cyanamide on F,
Reproductive Parameters and F, Offspring Survival snd Body Weight®

Dope Level (mg/kg/dey m,i,)
LS o Ve X o

Parsmeter 0

No. paired (F, parents) 26 26 26
No. positive matings ] 26 22 26
Nating frcdex (X)* a5 %2

No. Pregnant femsles 20 20
Female fertility index (X)° ] as

Gestation index (%)¢ 100 100
Gestation Length (days)

No. females with Liveborn pups 20 20

Total no. Live pups

Day 0 295
Day & precuil 232
Day 21 127

Mean no. [{ive pups/Litter with Live pups

Day 0 14.8

Day 4 precull 13.3 (1)
Day 21 .1 018

Live birth index (%)* 9.,
Viability findex (X)' a3
Lomcrtion index ¢(X)Y &

H:an  :p body welght (g)
Day Q
males &.4
fomnles
Day 7
males
fomales
Day 21
males
fomales

Sax ratio (X males day 0) 53

‘Date were extracted from Study No. 2519-126, pp 91-97 and 323-331.

"Mating index: No. of suted females expressed as X of No, of paired femsies

“rertility index: No. of pragnant females expressed as X% of No. of paired fomales

‘destation index: No. of femles delivering a live Litter expressed as % of No. of pragnant females
“Live birth index: Percentage of pups born alive besed on Wo. of taial pups born

Visbility index: Percentege of pups surviving four deys besed on No. of pups on dwy 0

SLectution Index: Percentepe of pups surviving 21 deys besed on No. of Pups on day 4 postcull

.Simificantly different fram control (p 0.03)
Significantly different from control (p 0.01)
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Table 5. Effects of Dietary Administration of Aqueous Hydrogen Cyanamide on F,
Reproductive Parameters and F; Offspring Survival and Body Weight*

—_———Dose Level (mg/kg/day §,1,)

Parameter 0 s
3.8

No. psired (F, parents) 26 26
No, positive matings 25 24
Mating index ¢X)®

No. Pregrant females
Female fertility index (X)°

Gestation index (X)9
Gestation length (days)

No. females with liveborn pups

Total no. Live pups
Day 0

Day & precull
Day 21

Mean no. live pupes/Litter with Live pups
Day 0

Day 4 precull

Day 21

Live birth index (X)*
Visbility index (X)'
Lactation index (%X)?

Mean pup body weight (g)
Day 0
mle
fomule
day 7
male
fomale
bey 21
male
fomule

Sex ratio (X meles day 0)

‘Data were extracted from Study No. 2319-126, pp 154160 and T4$=756,

"Mating index: No. of meted females expressed ss X of No. of paired females

°Fertility ndex: No. of pregnant females oxpressed o8 % of No. of paired females

“eratation indens ¥o. of femsles delivering & Live Litter expressed se X of No. of pregnant fomales
“Cive birth indax: Percentsge of pups born slive based on No. of total pups born

visbility index: Percentage of pups surviving four deys hesed on Mo, of pups on dey 0

fLectation index: Percentege of pups surviving 29 days besed on #o, of Ppe on day 4 posteull

Senificantly ditferent from control (p 0.09)
Significantly different from control (p 0.01)
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Table 6. Pup viability in F, and F; Litters in Rats Administered Aqueous
Hydrogen Cyanamide by Gavage for Two Successive Generations®

Po kg/da
LAS

Growp

E, Generation
Halea
Females
Total litters affscted on sex basis
Total Litters affected

(number affected/total runber available)

Fz.Generation

Males

4
Females &
8

Total Littars affected on sex basfis
Total Litters affected 5
{rumber sffected/total rumber availsble) (22%)

‘Dats were compiled by the reviewers using Appendix 15.
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DATA EVALUATION REPORT

STUDY TYPE: Metabolism - 010591

TEST : Hydrogen cyanamide
EPA IDENTIFICATION NUMBERS:

PC Code: 014002
Tox. Chem. No.: -EG-&BI"'Q

MRID Nupber: 421784-07
CHEMICAL STRUCTURE:

H |
)I-C =N
H
(*denotes position of radiolabel)

SPONSOR: SKW TROSTBERG AG, Postfach 1262, D-8823 Trostberg, Federal Republic
of Germany

IIILE OF REPORT: Mataboliam of Hydrogen Cyanamida
AUTHOR: ENVIRON Corporation
s c ON: September 5, 1991

ARSIRACT: Hydrogen cyanamida is rapidly absorbed, metabolized and excrated in
the urine following orel, intravenous (1.v.), and intraperitoneal (i.p.)
dosing in rats, dogs, or rabbits. Following i.p. dosing in rats, 93.4% of the
dose was excreted in the urine within the first 6 hours, indicating that
hydrogen cyanamide is rapidly metabolized and almost completealy eliminated
from the body. Negligible amounts were excreted as expired CO;. Following
both oral and {.v. dosing in dogs, 62X-83.1% of tha dose was excreted in the
urine within the first 24=27 hours. Negligible amcunts of radioactivity were
excreted in the faces. The major matabolite of cyanaside sxcreted in the
urine of rata, rabbits, dogs and humans was idsntified as N-acetylcyanamida.
The conversion of cyanamide to N-acetylcyansmide ip vitro is catalyzed by an
acetyl.S-CoA-dependsnt N-acetyltransferase present in rabbit and dog liver.

: Hydrogen cyansaide, a potent aldshyds dshydrogenasse inhibitor,
is used in alcohol aversion therapy to trsat chronic alcoholism. Hydrogen
cyananids blocks sthanol metabolism by inhibiting aldehyde dehydrogenass which
then causes an increase in blood acetaldshyds lavels. The metabolisa of
hydrogen cyansaide is summarized from information obtained from ten different
studies (3ee Appendix A).
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Hydrogen cyanamide i{s rapidly absorbed, metabolized and excreted in ths urine
following oral, intravenous (i.v.), and intraperitoneal (i.p.) dosing in rats,
dogs, or rabbits (Deitreich et al. 1976; Mertschenk et al. 1991; Obach et al.
1989; Shirota et al. 1984). Following i.p. dosing in racg, 93.4% of the dosa
was excreted in the urine within the first 6 hours indicating that hydrogen
cyanamide {s rapidly metabolized and almost completely eliminated from the
body (Deitreich at al. 1976). Negligible ampunts were axcrated as expired CO;
(Deitreich et al. 1976). Following both oral and {,v, dosing in dogs,
62%=83.1% of the dose was excreted in the urine within the first 24-27 hours
(Shirota et al. 1984). HNegligible amounts of radiocactivity were excreted in
the feces (Shirota et al. 1984). The major metabolite of cyanamide excreted
in the urine of rats, rabbits, dogs and humans was identified as
N-acetylcyanamide (Shirota et al. 1984; Mertschenk et al. 1991). Following
both {i.v. and oral dosing in dogs, approximataly 87X of the radiocactivity was
excretead as acetylcyanamide in the urine during the firsc 27 hours
postexposure (Shirota et al. 1984). Unchanged hydrogen cyanamide represented
11%~12% of the dose in the dog urine (Shirota et al. 1984). Both humans and
rats excreted approximately 40%X-45.6X of ths doss in the urine as
acetylcyanamide within 48 hours postdosing (Mertschenk et al. 1991).

Pharmacokinatic studies show that cyanamide is rapidly absorbed in rats and

. dogs following both oral and i.v. dosing (Obach et al. 1989). Following oral
dosing plasma concentrations peaked after 5 minutes in rats and 30 minutes in
dogs. Biocavailability was =68.7% in rats dosed with 2 ag/kg and ~65% in doge
dosed with 4 ag/kg. Following i.v. dosing, the elimination half-life in rats
dosed with 2 mg/kg was 33 minutes, the elimination half-lives in dogs dosed
with l-4 mg/kg were dose dependent and ranged from 38.7 ainutes to
61.3 minutes.

Dermal absorption studies in rats indicate that the amount of '%C-hydrogen
cyanamide absorbed was genarally proportional to the dosa and increased with
time of exposurs (LeVan 1989). The average 'C equivalents absorbed within

24 hours were 2%-11% for dosas ranging from 0.1 ag~10 mag '“C-hydrogen
cyanamide. Urinary excretion of radicactivity also increased with time and
dose (0.93%-7.76% of the dose) after 24 hours of exposurs for all doss groups.
As in rats, dermal absorption of hydrogen cysnamide in humans is also limited
(Mertschenk et al. 1991). Following application of hydrogen cyanamids

(0.25 mg/kg) in humans, 2.3 mg of the doss was absorbed within 48 hours of
exposure. The mean recovery of the dermally absorbed cyanamide was 7.7X.

Deitreich et al. (1976) demonstrated that hydrogen cyanamide does not inhibit
rabbit or mouss liver aldshyds dehydrogenase in vitro. suggesting that a
metabolite and not cyanamide is the inhibitor fn vive. This is supported by
an in vitro study by DeMaster et al. (1982), using both yeast aldehyde
dehydroganase and rabbit skeletal wuscls glyceraldshydas-3-phosphate
dehydrogenass, which showed that mitochondria-catalyzed activacion of
cysnamide was necessary for aldehyde dshydrogenass inhibition. Shirota et al.
(1984) demonstrated that the conversion of cyanamide to N-acetylcyanamide ipn
vitro is catalyzed by an acetyl-$-CoA-dependant N-acetyltransferase present in
rabbit and dog liver, '

Shirota st al. (1987a,b) demonstrated that hydrogen cyanamide is also
metabolized ip vitro to cyanide through an intermediate product
hydroxycyanaaide using rat liver microsomes; howevar, this has not been
supported ip vive. Thers vas no significant incresse in bleed cyanide

2
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concentrations in hunans orally expesed to hydrogen cyanamide (0.25 mg/kg),
indicating that the metabolic degradation of hydrogen cyanamide to cyanamide
is not a relevant pacthway in humans. In addition, Shirota and Nagasawa 1988
demonstrated that this secondary pathway is not relevant for mice, rats or
dogs in vivo. They examined this pathway using different speciss/strains of
animals with comparatively low N-acetyltransferase activity, assuming that
this secondary pathway might play a larger rols in thess animals. Howsver,
the results showed that the second matabolic pathway was of minor importance

iﬂ V;VO "

The metebolic pathways for hydrogen cyanamide ara presented in Appendix A.
cceptable )

CLASSIFICATION: .  Although the litsrature review provides data

on the absorption, metabolism, and sxcratipn of hydrogen cyanamide for various

species and routes, these submitted datghpdiy partially fulfill the guideline

requirements (85-1) for a general metabolism study. ~Tha r,u-'.'o-u d*-u't.—au

do ol mmriant fu&tﬁumwr&mw? at ths toma,
A. MATERIALS and METHODS
1. Test Materjial
Animal Studies

The test material used in all of the animal studies was pure
chemical grade cyanamids. In all studies, the parent rompound
alone was administered to the animals. Radioclabéled :yanamide was
used by Deitrich et al, (1976) (International Chemical and Nuclear
Corporation), Shirota et al. (1984) (P-L Biochemicals, Milwaukes,
WI), and Shirota and Nagasawa (1988) (ICN Pharmacsuticals, Irvine,
CA). Nonradiolabeled cyanamide was used by Mertschenk et al.
(1991) (SKW Trotsbarg AG, Trostberg, FRG) and Obach et al. (1989)
(Fluka, Switzerland). LaVan (1991) used both radiclabealed
(radiopurity of 87X=-90%; Amersham Corporation) and nonradiolabsled
cyanamide,

In vityo sCudies:

In the ig vitto studies, Deitrich et al. (1976), DeMaster et al.
(1988), and Shirota et al (1984), (1987a), and (1987b) used
hydrogen cyanamide commercially purchased from Sigma Chemical Co.,
St. Louis, MO or Aldrich laboratories, Milwaukee, WI: DsMaster et
al. (1982) did not report ths origin of the tsst material.

lunan sCudies:

Commercially preparsd cyanamids was used. Shirota et al. (1984)
used cyansmide as carbimide (200 mg in 20 al of Hy0) in one
subject and Dipsan (30 ag) in another. Cyanamide in the form of
its citrated calcium salt (Temposil, Dipsan, Abstes) or as a 1%
aqueous solution is available as an alcohol daterrent agent for
the trsatment of alcoholism in Canada, Rurops and Japan,
Mertschenk ot al. (1991) used nonradiolabeled cyanamide obtained
from SKW Trotsberg, Trotasberg, FRG.

Metabolism
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A sumnary of the various species used in the in vive studies ig
presented in Table 1,

pggig;gﬁggplg Collection
Auipal studies

Deitreich et al. (1976): Male and female Spragus Dawley rats weres
injected intraperitoneally with 10 uCi/kg of 14GC.hydrogen
cyanamide. Expired CO; and urine were collected 1, 4, and 6 hours
poatdosing.

Levan (1989): A single dermal dose of 0.1, 1, or 10 mg ‘cC-
hydrogen cyanamide was administered to threes groups of male rats
(24/group).

TABLE 1. SUMMARY OF EXPERIMENTAL ANIMALS
Rafarencs Species and Strain Tested/Sex/Weight
Rats Mice Rabbits

Deitrich et | Spragus-

al. (1976) Dawley/Malas
& Females/
150-250 g

Shiroca st Sprague- New Zealand Baagle/
al. (1984) Dawley/Malas/ White/Males/ Males/
160-180 g 4 kg 9-11 kg

Shirota and | Sprague- Beagle
Nagasawa Dawley

(1988) N

Mertschenk | Wistar/
et al. Males/ 233 g
(1991)

Obach at al. | Spragus-
(1989) Dawlay/

‘ Nalen/
200-220 8

LaVan (1991) | Cxl:CD(SD)B3R/
Malea/
201-233 g

Mercschenk ot al. (1991): Four male Wistar rats (233 §. mean
wveight) wers administered a gavage dosa of 10 ag/kg hydrogen
cyanamide. Urine was collscted 48 hours postdosing and vas
analyzed for acetylcyanamide. .
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Obach et al. (1989): Rats (48/group) wera each given an aqueous
solution of 2 mg/kg cyanamide by either i.v. or gavage. Blood
samples were obtained 1, 3, 10, 15, 20, 30, 45, 60, 90, and

120 minutes following i.v, dosing and 1, 5, 7, 10, 15, 20, 30, 45,
60, 90, and 120 minutes following oral dosing.

Five male beagle dogs were given i.v. doses of 1, 2, and 4 mg/kg
hydrogen cyanamide (aqueous solution). Each dog raceived thrae
single doses with an interval of ons week between administrations.
Dogs were also given a gavage doss of 4 mg/kg hydrogen cyanamidas.
Blood samples were drawn before administration and at different
times up to 6 hours postdosing.’

Shirota et al. (1984): Male Sprague-Dawley rats (160=180 g) were
administered hydrogen cyanamide (1.0 mmol/kg, i.p.) at O and

48 hours, Male New Zealand White rabbits (4 kg) received hydrogen
cyanamide dissolved in saline (1.75 mmol/kg, i.v.) via the
marginal ear vain. Two malo Beagle dogs (9-11 kg) were given an
oral dose (0,04 nnol/k? and 15.1 4Ci) or an i.v. dose (0.04
mmol/kg, 13.9 uCi) of '*C. cylnnnida Urine samples wers collected
for a period of 0-12 hours for the rats and rabbits, and from
0-336 hours for the dogs.

Shirota and Nagasawa (1988): Mice, rats, and dogs were dosed .
(L.p.) with 75 mg/kg (4.57 x 10% dpm for A/J and DBA/J mice; 23.15
x 10% and 30.86 x 10% dpm for the WKY/N and SD rats,
ruspectival;), besagle dogs were dosed orally with 0.04 amol/kg

(19.256 x 10° dpm).

Human studies

Mertschenk et al. (1991): Mala human voluntaers were given an
oral dose of 0.25 mg/kg hydrogen cyanamide in drinking water.
Urine samples were collected over a pesriod of 48 hours in 12-hour
aliquots,

Shirota et al. (1984): An adult male Japaness patient was given a
single oral doss of cyanamide (carbimide, 200 mg in 20 ml of Hy0).
The urine was collected 8 hours postdosing. A second urine -ample
was collected from a male Caucasian patient (59 years of age) who
was maintsined on Dipsan (50 mg) twice daily for &4 years.

Laat _Svsran
AR Yi5ze Studies:

Deitrich et al. (1976) investigated inhibition of aldshyde
dehydrogenase in brain and liver homogenates using a saximum
concentration of 10"} M cyanamids.

DeMaster ot al. (1982) incubated ysast aldehyde dshydrogensse and
cyanamida in the presence and absence of intact rat liver
mitochondria. Liver mitochondria were isolated in 0.25 M
sucrose=0.1 wM EDTA from male Sprague-Dawley rats (180-250 3).
Yeast aldshyds dehydrogenase and rabbit skelsetal muscle

O
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glyceraldehyde-3-phosphate dehydrogenase were obtained from Sigma
Chemical Company, St. Louis, MO. A stock solution of yeast
aldehyde dehydrogenase containing 30% glycerol, 1 wM EDTA, and 0.1
M potassium phosphate buffer, pH 8 was prepared. The yeast enzyme
and cyanamide (200 uM) were incubated in the presence and absence
of rat liver mitochondria. The activity of glyceraldehyde-3-
phosphate dehydrogenase was assayed by adding to a reaction
mixture containing 0.15 mM NAD*, 1 aM D,L-glyceraldshyde-3-
phosphate, 5 mM sodium arsenate, 1.25 aM EDTA, and 50 mM Tris-Cl,
(pH 8.6). The activity was measured by following cthe increase in
absorbance at 340 nm (25°C).

Metabol ism

PeMaster et al. (1988) substituted cumenes hydroperoxide for
hydrogen peroxide in the oxidation of cyanamide by bovine liver
catalase. A complete incubation system was used which contained
4.2 mM cumene hydroperoxide or 10 mM glucose/S50 pg glucose
oxidase, 40 mM cyanamide, 2 mg catalass and 100 mM potassium
phosphate buffer (pH 7). Incubations were carried out at 37°C and
quenched with 0.5 mL concentrated phosphoric acid.

Shirota et al. (1984) isoclated hepatic N-acetyltransferass from
the rabbit and dog. Incubation mixtures were prepared containing.
acetyl-S-CoA (2 umol), '*C.cyanamide (0.4 pmol, 9.2 x 105 dpa),
hepatic N-acetyltransferase (7.7 mg protein), and phosphate buffer
(0.1 M, pH €.8). The reaction was initiated by the addicion of
cyanamide or buffer. Incubations wers carried out at 37°C for 20
or 40 minutes. The reaction was quenched by the addition of 1 ml
of ethanol and cooled to 4°C.

Shirota et al. (1987a) isolated aicrosomes from the livers of male
Sprague-Dawley racts (200-250 g). Cyanamide was obtained from
Signa Chemical Company, St. Louis, MO. Incubation mixtures wers
prepared which contained glucose-6-phosphate (2.5 mM), potassium
chloride (16.5 mM), magnesium chloride (4 oM}, cyanamide (40 mM),
glucose-6-phosphate dehydrogenase (5 units), microsomes (uninduced
or PB induced (5.65 mg protein), and when Iindicated SKF-525a (4
pM). The reactions were initiated by the addition of enzyme and
quanched by the addition of 0.5 mL of concentrated phospheric
acid,

Shirota et al. (1987b) used cyanamide, bovine liver catalass, and
glucose oxidase purchased from Sigma Chemical Co., St. Louis, MO.
Incubation mixtures wers prepared which contained glucose-6-
phosphate (2.5 aM), potassium chloride (16.5 aM), magnesium
chloride (4 mM), cyanamide (40 mM), glucoss-:6-phosphate
dehydrogenase (5 units), microsomes (uninduced or P8 induced

(5.55 mg protein), and when indicated SKF-525a (4 uwM). The
reactions wers initiated by the addition of enzyme and quenched by
the addition of 0.5 aL of concentrated phosphoric acid,

O
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RESULTS /CONCLUSIONS

Animgl Studies (Tn vive)

Deitrelch et al. (1976): Following i.p. dosing of %C-cyanamide

(10 uCi/kg), the '4C label was rapidly excreted in the urine of rats.
At the end of 6 hours, 93.9% of the dose appeared in the urine.
Negligible amounts of '%C were excreted as expired CO; (1.39% of the
dose) & hours postdesing. The liver contained 6.7% of the dose at 1
hour postdosing, but no radiocactivity was detected in the liver
thereafter.

LeVan (1989): A single dermal dose of 0.1, 1, or 10 mg '“C-hydrogen
cyanamide, administered to three groups of male rats (24/group), was
rapidly absorbed, distributed and eliminated. In general, as the dose
level and the duration of exposure increased, the percentage of the dose
absorbed also increased. Using the direct procedure to calculate skin
absorption, tha average “C.hydrogen cyanamide equivalents absorbed
within 24 hours were 1.79%, 2.84X, and 11.1X of the applied dose for the
low-, mid-, and high-dose groups, respectively. Urinary excretion of
radiocacrivicty also increasad with time and dose (0.93%.7.76% of the
dose) after 24 hours of exposure for all doss groups.

Mertschenk et al. (1991): Following oral administration of hydraogen
cyanaaide (10 mg/kg) to rats, an average of 45.6% of the applied dose
was excreted in the urine as acetylcyanamide within 48 hours (42.7%
excreted within the firsc 22 hours).

Obach et al. (1989): Absorption of cyanamide was rapid in rats
following oral administracion (2 mg/kg). FPlasma concentrations peaked
after five minutes. Bloavailability was =68.7%. Following i.v.
administration, plasma clearance was 117 al kg ''min'! and the elimination
half-1life was 33 ainutes.

Oral absorption of cyanamids was vapid in dogs dosad with 4 mg/kg:
plasma concantrations peaked 30 minutes after adainistration.
Biocavailability of hydrogen cyanamide after oral administration of

4 mg/kg was =63X. The pharmacokinatic behavior of cyanamide following
i.v. dosing (1, 2, or 4 mg/kg) was dose dependent. Plasma clearance
d»*creased whan the dose increassd. Elimination half-lives (Ty)
increasad with dose. Elimination Ty for the 1, 2, and 4 mg/kg groups
ware 18.7, 47.2, and 61.3 minutes, respectively.

Shirota et al. (1984): The structure of the major urinary metabolite of
cyanamids in rats, rabbits, and dogs was determined to be N-acetyl-
cyanamide, Thus, cyanamide is acetylated ip vivg to N-acatylcyanamids,
Excretion in dogs was rapid following bocth oral and i.v. dosing

(0.04 omol/kg). The urine was the asjor route of excretion, Following
oral exposure the majority of the radiocactivity appeared in the urine
within the first 24=27 hours (67.5%=831.1% of the doss). The total
anount of radiocactivity excrated in the urine was 99.2% at 120 hours
postdosing in dog 1 and 85.9% at 336 hours in a dog 2. Only small
amounts of radiocactivity (0.3X) were sliminated via the feces. No fecss
were excreted prior to 24 hours. Intravenous dosing of dog 2 revealed
similar results, suggesting that the liver, not the gastrointestinal

84
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tract, was the major site for its biotransformation. The majority of
the dose was excretad ir the urine (62%) within 24 hours. By 336 hours
postdosing, 79.7% was excreted in the urine. A total of 86.9% of the
urinary radicactivity excreced between 0 and 27 hours was prasent as N-
acetylcyanamide in dogs following oral and {.v. dosing. Unchanged
hydrogen cyanamide accounted for =11Xof the urinary radiocactivity.

Shirota and Nagasawa (1988): This study examined whether using animal
species with comparatively low or minimal N-acetyltransferase activity
might lead to a larger role for a minor metabolic pathway in which
hydrogen cyanamide is metabolized to cyanide. (See metabolic pathway
Appendix A.) This minor metabelic pathway involves catalase and/or
cytochrome P gg-mediated oxidation of cyanamide to N-hydroxycyanamide
which then decomposes to nitroxyl and cyanide. Cyanide is then
metabolized to 2-iminothiozolidine-4-carboxylic acid (ITCA) and
thiocyanate (SCN*). The Sprague-Dawley rats and DBA/J mice represented
normal animals, whereas WKY/N rats and AJ mice served as slow acetylator
rodent species. The dog is generally known as a slow acetylator and
cannot acetylate aromatic amines. The urine was collected a- 24 hours
and analyzed for cyanamide and its major metabolite acetylcyanamide, as
well as ITCA and SCN°. The normal acetylators excratad 62.4X (mice) and
70.3% (rats) of the racicactivity in the 0=-24-hour urine, and the slow
acetylators excreted 635% (A/J mice), 71.1% (WKY/N rats), and 70.5%
(dogs) of the radicactivity in the 0-24-hour urine. The profile of the
hydrogen cyanamide metabolites excreted in the urine was similar for
both slow and normal acetylators of all species. The majority of the
radiocactivity was excretad as N-acetylcyanamids (50.3X-58% of the dose).
The parent compound accounted for 2.6X-=3% of ths radioactivity in mice,
7.7%-8.6% in rats, and 8.6% in dogs. There was minimal incorporation of
radiocactivity into ITCA and SCN°, indicating that only a small fraction
of the dose was convertad to the active aldehyde dehydrogenass inhibitor
and cyanide in thess animals. Cyananmids metabolism via the minor
pathway, inveiving catalase and/or cytochrome Pisy was not enhanced in
the slow acetylator phenotypes. Thus, cyanide toxicity appsars to bas
minimal.

Humsn Scudies

Mertschenk et al. (1991): Male human voluntsers were given an oral dose
of 0.25 mg/kg hydrogen cyanamide in drinking water. Approximately 40X
of the doss was excrsted in the urine as acetylcyanamide within 48 hours
(the majority sxcretad within the firast 12 hours). Compared with
control values, thers was no significant increass in sithar blood
cyanida concentrations or urine thiocyanate concantrations,
demonstrating that hydrogen cyanamide is not metabolized to cyanide or
thiocyanate in humans.

In a skin absorption study, a dermal application of hydrogen cyanamide
(0.25 mg/kg) waz givan to the same group of voluntesrs (n=6) on a skin
surface area of 32 ca?, Within 48 hours of exposure, 2.3 mg of hydrogen
cyanamide was absorbed. The mean recovery of maxisum possible dermally
absorbed cyanamide was 7.7%.

Shirota et al. (1984): An adult male Japaness patient was given a
single oral dose of cyanamide (carbimida, 200 mg in 20 al of M0). The
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urine was collected 8 hours postdosing. A second urine sample was
collected from a male Caucasian patient (59 years of age) who was
maintained on Dipsan (50 mg) twice daily for 4 ysars. Cyanamide is the
active component of the alcohol deterrent agent Dipsan. Analysis of the
8 hour urine sample indicates that man can also acetylata cyanamide.

In Vicro Studies

Deitreich et al. (1976): In vitre, hydrogen cyanamide (10°3 M) did not
significantly inhibic rabbit liver aldehyds dehydrogenase or mouse liver
aldehyde dehydrogenase, suggesting a metabolite is the inhibitor jip
viveo. )

DeMaster et al. (1982): To determine if aldehyde dehydrogenase
inhibition is dependent upon the conversion of cyanamide to an active
form, yeast aldehyde dehydrogenase and cyanamide were incubated in the
presence and absence of intact rat liver mitochondria. Mitochondria-
catalyzed accivation of cyanamide was also tasted using rabbit skeletal
muscle glyceraldehyde-3-phosphate dehydrogenase. The results showed
that without the addition of mitochondria, at a concentration of 200" uM,
cyanamide had no direct effact on ysast aldehyde dehydrogenass activity.
Howevar, under these same conditions with the addition of mitochondria,
complete inactivation of aldehyde dehydrogsnase occurred. Similar
results ware obtained using rabbic skeletal muscle glycsraldshyde-3-
phosphate dehydrogenase.

DaMaster ot al. (1988): The cyanamids inhibition of aldehyde
dehydrogenass is depandent on the catalase, which catalyzed oxidation of
cyanamide to an active metabolite. This rsaction is supported by
hydrogen peroxids. Cusmens hydroperoxids was found to be an effectivas
substitute for hydrogen peroxide in supporting this reaction ip vitre
using bovine liver catalass.

Shirota et al. (1984): Hepatic N-acstyltransfarass preparations from
the dog or rabbits were incubated with acetyl-$.CoA (2 umol) and 4.
cyanamide (0.4 amol, 9.2 x 10%) {n vitro. Hepatic N-acetyltransferase
catalyzed the transfer of the acetyl group from acetyl-S-CoA to '6C-
cyanamide producing N-acetyl{'Clcyanamide. The rate of N-acetylation
(expressed as percent of substrate acetylated/20 minutes/xg protein),
estimated by monitoring the disappearance of cyanamide with time in the
presence of rabbit enzyme (57.6% acetylation) from a rapid acetylator
phenotype rabbit and cofactor, was nearly twice that observed with the
dog ensyme (24.1X and 30.4% acetylation). Thus, the snzyme responsible
for the biotranaformation of cyanamids is an acetyl-S-CoA-dspendent N-
acetyltransferases.

Shirota at al. (1987a): The mode of action of hydrogen cyatamide as an
ivhibitor of aldshyds dshydrogenase was studied ip vitro using Sprague-
Davley rat liver microsomes. Cyanide was formed from cyanamide by
microsomes in the presance of an NADPH gensrating system. This reaction
vwas time depandant and reached saximus levels within 5-10 minutes. N-
hydroxycyasnamide was proposed as an intermediate product of cyanamids
oxidation, which was then convarted to cyanide and nitroxyl. Cyanide
yield is doubled by cytochrome Py snzyme inductors (phencbarbital) and

86
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reduced by Pysg inhibitors (SKF-525A). It was suggested that the
nitroxyl (not cyanide) may be the aldehyde dehydrogenase inhibitor.

Shirota et al. (1987b): Cyanide is one of the products formed in the
ca:alase-mediated oxidation of cyanamide ig vitxo. An incrsase in
cyanids formation can be achieved ip vitro by adding a hydrogen peroxide
source to bovine liver catalase. Cyanide formation was direcrly related
to cyanamide and catalase concentrations and was dependent on incubation
time. Ethanol, a substrats for catalase, reduces cyanide formation. At
cyanamide concentrations of 1 mM, ethanol (50 mM) reduced cyanide
formation by 86% at 5 minutes and by 92% after 15 minutes. When
cyanamide concentrations were increased to 10 mM, cyanide formation was
still inhibited by ethanol, but to a lesser extent, by 68% at 5 minutes,
and by 75X at 15 minutes.
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APPENDIX A
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H

H')-C-N

Hydyogen cyanamide
Acatyl-S-CoA w/ \\
: \
\ H0

N-acetyl A
transferase { Catalass or CYT gﬂﬂ..]
\)

\
\

; [ ecar

CHy

C ,
H>l-c-ll / N-Hydroxycyanamide
N-Acetyleyanamide

HN=O 4 -
Nicroxyl

ITCA + SCN°
2-1minothiozolidine- Thiocyanate
4-carboxylic acid

The Major (solid arrow) and Minor (dashed arrov) Metabolic Pathways
for Hydrogen Cyansmida

(Source: Shirota and Nagasawa 1988)
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DATA EVALUATION REPORT
Hydrogen Cyanamide

Study Type: A Dermal Absorption Study in Rats
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Office of Pesticide Programs
U.5. Environmental Protection Agency
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Clement International Corperation
9300 Lee Highway
Fairfax, VA 22031-1207

ssica Kidwell, M.5.

Independent Reviewer 22 M: 22 ,ﬂh\ Date &/ /3 lfﬂl

Principal Reviewer QM( M &M Date slf31‘?3
J

QA/QC Manager

Contract Number: &B8D10075
Work Assignment Number: 2-78
Clement Number: 241

Project Officer: Caroline Gordon




D ReCords Center Series 36 clience reviews - rFile U14002_00 0 s 0 ;7‘{ag-¢ J2 O

Darmal absorption study

EPA Reviewer: Paul Chin, Ph.D. Signature: f?‘lﬂ;‘%
Review Section 11, Toxicology Branch I, HED Date: ,jf y
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DATA EVALUATION REPORT 010591

STUDY TYPE: Dermal absorption study (85-2)

EPA IDENTIFICATION NUMBERS:

PC Code: 014002
Tox. Chem., No.: o&&8 |40
MRID Number: 415040-04

TEST MATERIAL: Hydrogen cyanamide

SYNONYM: Dormex®

CHEMICAL STRUCTURE:

H

’
H

N=-C*=:N

("denotes position of radiolabel)
STUDY NUMBER: HLA 6265-100
SPONSOR: SKW TROSTBERG AG, D-8823 Trostberg, Federal Republic of Germany
TESTING FACILITY: Hazleton Laboratories America, Inc., Madison, WI
TITLE OF REPORT: Dermal Absorption of !*C-Hydrogen Cyanamide in Male Rats
AUTHOR: Leon W. LeVan, Ph.D,

REGULATORY COMPLIANCE: A Good Laboratory Practice Compliance Statement and a
Quality Assurance Statement, both signed and dated 12/08/89, were included.

STUDY COMPLETION: December 8, 1989

CONCLUSIONS: A single dermal dose of 0.1, 1, or 10 mg (8, 80, or 800 ug/cm?,
respectively) !*C-hydrogen cyanamide, administersd to three groups of male
rats (24/group), was rapidly absorbed, distributed and eliminated. 1In
general, as the dose level and the duration of exposure increased, the
parcentage of the dose absorbed also increased. Using the direct procedure to
calculate skin absorption, the average !*C-hydrogen cyanamide equivalents
absorbed within 24 hours were 1.79%, 2.84%, and 11.1X of the applied dose for
the low-, mid-, and high-dose groups, respectively. The data can be utilized
for risk assessment purposes as a worst case scenario.

c C N: Supplementary, pending clarification of whether the material

absorbed unknown i{mpurities (18-22%) present in the test material or pure
hydrogen cyanamide. Although this study doss not fulfill all the requirements

92
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suggested In Dr. R. Zendzian's draft "Procedure for Studying Dermal
Absorption," the deficiencies are not major, except for the above impurities
issue, and do not affect the interpretation of the data (see Reviewers'’
Comments, Section C).

MATERIALS and METHODS

Radiolabeled Test Material

The radiolabeled test material, !*C-hydrogen cyanamide, (lot number
CFQ.5182) had a specific activity of 15 mCi/mmol. The radiopurity of
the undiluted radiclabeled test material (determined by Amersham
Corporatiocn) was 87%-90%. It was prepared by Amersham Corporation and
stored at -20°C,.

Purity of Stock Seolution

Radiopurity of the !*C-hydrogen cyanamide stock solution was determined
by thin layer chromatography (TLC) using two solvent systems. The
radiopurities were determined to be 77.5% using dichloro-

methane :methanol ; ammonium hydroxide(6:3:1] and 82.3% using

n-butanol :water:pyridine:acetic acid [4:2:0:5:1]). The study author
reported that some difficulties were encountered in obtaining
satisfactory chromatography of the radiolabeled test material solution,
due to either decomposition of the test material on the TLC plate or to
interference by the phosphoric acid present in the stock solution.

Nonradiolabeled Test Material

Nonradiolabeled hydrogen cyanamide (Dormex® 49% w/w aqueous solution)
was provided by the Sponsor and was stored refrigerated. Information in
Appendix B (p. 60) indicates that this formulation (49% aqueous
solutioen) is specially stabilized.

Test Animals

Species: Rat

Strain: Crl:CD®(SD)BR

Source: Charles River Breeding Laboratories, Portage, MI

Sex: Male

Numbers: 2, 3, or 24 Rats/dose

Housing: Individual stainless steel cages (during acclimation);
individual metabolism cages (during the test period)

Identification: Ear tag

Acclimation: Eight days

Age: -8 Weeks

Weight: 201-233 g

Feeding: Feed (Purina Certified Rodent Chiow® #5002) and water provided
ad libitun.

Selection: Computer-generated randomization procedure

S b AN ol R e il g g ety 0
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Preparation of Dosing Suspensions/Analysis of Dosing Suspensions

The !*C-hydrogen cyanamide stock solution and nonradiolabeled hydrogen
cyanamide (Dormex® formulation) were diluted with deionized water and
adjusted to pH 4.5 with phosphoric acid. The targeted doses were 0.1,
1, and 10 mg of hydrogen cyanamide in a volume of 100 pL for groups 4,
5, and 6, respectively. The doses were prepared as follows:

Nonradiolabeled Total Test Total Test Material
l4c Test Material Material Volume Concentration

(mg) (mg) (mg) {mg/mL) (mg/mL)

4.0
48.8
499

Duplicate pre- and postdose samples of the dosing solutions for

groups 4-6 were taken at the time of dose administration to determine
the amount of !*C applied. The specific activities of the dosing
solutions were 154,000, 15,400, and 1560 dpm/ug for groups 4, 5, and

6, respectively. The mean concentration of radioactivity in the dose
solutions for groups 4, 5, and 6 was determined to be 7.673, 7.706,

and 7.786 x 107 dpm/g, respectively. The average dose of radicactivity
applied to each animal was 3.45, 3.46, and 3.5 puCi for groups 4, 5,

and 6, respectively.

Dosage Groups/Application of Test Material/Treatment Regimen

Twenty- four hours prior to treatment, the back and shoulders of each
rat in groups 4, 5, and 6 were shaved. Care was taken to avoid
damaging the skin. The shaved area of skin was washed with acetone to
remove oily secretions. The dosing area was enclosed with a plastie
enclosure (12.5 cm?) glued on the middle of each animal's back with
cyanoacrylate-based glue. Silicone medical adhesive was used as a
seal around the outside of the enclosure. An Elizabethan collar was
placed around each animal’s neck. The test material was applied
evenly to the test site with a glass rod. To prevent disturbance of
the application site and loss of the test material, the application
site was then covered with a non-occlusive cover (filter paper affixed
with rubber cement). The two control animals (group 3) were treated
in the same way as the treated animals, except they were dosed with
the vehicle only.

The animals in the preliminary dermal irritation groups (groups 1 and
2) were treated the same as the treated and control animals except
they were dosed with nonradiolabeled test material (5% or 10X Dormex
in deionized water) only.

Group designations and dose levels are as follows:

S S i s o Sl o e SRR 0383 R
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Test Material Dose of Active Volume
Number of Concentration Ingredient Applied/Animal

Group Animals {(Aw/v) (mg/animal) (ul.)

1 5 100
2 10 100
ov 100
0.1 . 100
1 100
10 100

%Anima”s in groups 1 and 2 were used for preliminary examination of
dermal irritation and dosed with unlabeled test material only.
BYehicle control

Observations

All animals were observed daily for moribundity and mortality.

Sample Collections

No samples were collected from animals in the preliminary dermal
irricacion study.

At 0.5, 1, 2, 4, 10, and 24 hours postdosing, four animals per dose
(groups 3=6) were euthanized. Single samples of urine, feces, and
blood were collected from the time of dosing to the time of
suthanization. Any residual urine present in the bladder at sacrifice
was collected and added to the sample. Cage washings were also
collected after each sacrifice. The skin at the application site
(with cover in place) and carcass were collected for analysis.

The urine, glass rod rinses, protective appliance rinses, cage wash,
and cage wipe were analyzed in duplicate to determine !*C using a
liquid scintillation counting (LSC) system. Duplicate aliquots of
feces and carcass (both weighed and homogenized) and bleood were
combusted in a sample oxidizer. Measurement by liquid scintillation
techniques was used for all analyses of !C.

S W rocedure

The skin wash procedure was performed immediately after sacrifice.
After excision of the application site skin, the skin was washed
repeatedly (minimum nine times each) with 5% soap (Ivory® liquid)
followed by defonized water. The equipment used in the washing
procedure was rinsed with methanol, and the rinse was combined with
the skin wash liquid. The total weight of the skin was taken, and
duplicate aliquots were counted directly using LSC.

Calculation o antity Absorbed
The amount of 1*C-hydrogen cyanamide was determined using tweo

procedures, direct (used by the study author) and i{ndirect (calculated
by the reviewers). The direct procedure calculated the amount of
95
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3C-hydrogen cyanamide absorbed by summing the percentages of dose
recovered in the excreta (urine, feces), cage wash, cage wipe, and the
carcass for each rat. The indirect procedure calculated the amount of
unabsorbed “C-hydrogen cyanamide by summing the amount of *C washed
from the protective appliance, the amount washed from the skin, and
the amount associated with the skin. The total amount of !*C-hydrogen
cyanamide absorbed using indirect calculation, therefore, was equal to
the applied dose (100%) minus the calculated unabsorbed “C-hydrogen
cyananmide,

RESULTS /CONCLUSIONS

In the preliminary dermal irritation study, there was no sign of
dermal irritation following exposure to either 5% or 10% Dormex® for 24
hours. In the test group, no clinical signs were noted that were
attributable to the test material.

The dispos.tion of 4C-hydrogen cyanamide equivalents and the
calculated absorbed doses are presented in Table 1.

Diract Procedure

A single dermal dose of 0.1, 1.0, or 10.0 mg/animal !*C-hydrogen
cyanamid: administered to rats was rapidly absorbed, distributed and
eliminated. In general, as the dose level and the duration of
exposure increased, the percentage of the dose absorbed increased.
Using the direct procedure to calculate absorption through the skin,
the average amounts of “C-hydrogen cyanamide absorbed within 0.5 hour
were 0.07%, 0.16%, and 0.12X% of the applied dose for the low-, mid-,
and high-dose groups, respectively. At 1 hour postdosing, the average
amounts of *C-hydrogen cyanamide were 0.19%, 0.29%, and 0.66% of the
applied dose for the low-, mid-, and high-dose groups, respectively.
The average amounts absorbed increased with time such that by 24 hours
the amounts absorbed were 1.79%, 2.84%, and 11.1% of the applied dosze
for the low-, mid-, and high-dose groups, respectively. The study
author reported that these values correspond to total absorbed doses
of 1.79, 28.4, and 1100 ug equivalents over the 24-hour exposure
period for doses of 0.1, 1, and 10 mg “C-hydrogen cyanamide,
respectively.

The absorption data indicated that *C-hydrogen cyanamide penetrated
the skin within the first 0.5 hour of exposure as indicated by mean
blood radiocactivity concentrations of <0.001, 0.006, and 0.029 pg/g of
blood for the low-, mid-, and high-dose groups, respectively. 1In the
low-dose group, mean blood radiocactivity increased with time, ranging
from <0.001 pug/g (not detectable) at 2 hours to 0.002 ug/g (maximum
level) at 24 hours. 1In the mid- and high-dose groups, mean blood
radiocactivity levels increased with dose and time up to 10 hours and
decreased between 10 and 24 hours. In the mid-dose group, mean blood
radioactivity ranged from 0.006 pg/g at 0.5 hour to 0.037 pg/g
(maximum level) at 10 hours postdosing and decreased to 0.030 ug/g at
24 hours postdosing. In the high-dose group, mean blood radioactivity
ranged from 0.029 ug/g at 0.5 hour to 1,04 pg/g (maximum level) at 10
hours postdosing and decreased to 0.780 ug/g at 24 hours postdosing.

5
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The decrease in blood radiocactivity between 10 and 24 hours was not
statistically significant (p<0.05 using Student’s t-test). The
maximum blood radiocactivity concentrations in the rats at each dose
level were proportionarely higher than che 10-fold difference in dose
levels,

Urinary excretion of radiocactivity increased with time and dose.
Urinary radicactivity was detectable in all dose groups at 10 and

24 hours postexposure. Maximum mean recoveries of radicactivity in
urine osceurred at 24 hours poscdosing and were 0.93%, 1.69%, and 7.65%
for the low-, mid-, and high-dose groups, respectively. Fecal
excretion of radinactivity was very low (s0.2% of the applied dose)
for all dose groups and for all durations. Maximum mean reccveries at
24 hours were 0.04%, 0.05%, and 0.20% for the low-, mid-, and high-
dose groups, respectively.

%C was rapidly distributed to the carcass and was detected within the
first 0.5 hour at 0.07%, 0.16X, and 0.12X for the low-, mid-, and
high-dose groups, respectively. Carcass radiocactivity peaked at 24
hours in the low-dose group (0.65% of the dose), and at 10 hours in
the mid- (1.07% of the dose) and high-dose (2.35% of the dose) groups.
In the mid- and high-dose groups, radicactivity decreased to 0,89X% and
2.05%, respectively, at 24 hours postdosing.

Total average recoveries of applied radiocactivity ranged from 94, 20%
to 104.91% in the low-dose group, 93% to 103.11% in the mid-dose
group, and 86.27% to 98.23% in the high-dose group.

Indirect Procedure

Using the indirect procedure, the average amounts of “C-hydrogen
cyanamide absorbed after 24 hours were 7.6%, 9.87%, and 21.67% of the
dose for the low-, mid-, and high-dose groups, respectively. The
direct procedure for calculation of absorprion was more realistic, as
the indirect calculation produced some negative numbers, and
abscrption values were considerably higher than those calculated by
the direct procedure; therefore, smphasis should be placed on the
direct absorption values,

The majority of the unabsorbed !*C-hydrogen cyanamide was associated
with the skin washes. For the low-, mid-, and high-dose groups,
96.9%, 97.5%, and 89.6X%, respectively, of the applied dose were
associated with skin washes at'0.5 hour postexposure. The amount of
14¢ associated with skin washes decreased after 24 hours to 69%, 67.7%,
and 52.9%, for the low-, mid-, and high-dose groups, respectively.

The amounts of 1*C associated with the skin site at 0.5 hour
postexposure were 6.57%, 4.41%, and 7.47% of the applied dose for the
low-, mid-, and high-dose groups, respectively. At 24 hours
postexposure they were 17%, 13.5X%, and 11.1% of the applied dose for
the low-, mid-, and high-dose zroups, respectively. The amount of 4C
associated with the protective appliance increased with time. In the
low-, mid-, and high-dose groups, approximately 1X of the applied dose
was recovered at 0.5 hour post-exposure. By 24 hours, 6.4%, 8.93X,
and 14.33% of the applied doase were recovered in the low-, mid-, and
high-dose groups.
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REV *_COMMENTS 012591

This study was classified as supplementary because of the following
reason: It is not clear whether the radiolabeled material absorbed was
pure hydrogen cyanamide or unidentified impurities (up to 22%) present
in the test article.

Although this study did not fulfill all the requirements supgested in
Dr. R. 2endzian’s! draft "Procedure for Studying Dermal Absorption,"
the deficiencles, exzept for the above impurities issue, were not
major and did not affect the interpretation of the data. The
following deficiencies were noted: (1) The skin wash was taken after
the animals were sacrificed. The exact time of the collecrion
following sacrifice was not stated. The general procedures state that
the skin wash should be collected before the animals are sacrificed,
as up to 3-fold differences have been observed in the ability of skin
on the live animal and skin on the dead animal to bind test compounds;
(2) According to Dr. R. Zendzlan's draft procedure, "The highest
useful dose is in the order of 10 mg/rat with descending doses of 1,
0.1, and 0.01 mg/rat. If less than four doses are used it is
preferred that the lower dose runge (1, 0.1, and 0.01 mg/rat) be
used." In this study, the highest three doses (10, 1, and 0.1 mg/rat)
were used instead of the recommended dose range, as indicated above.

IR.P. Zendzian, "Procedure for Studying Dermal Absorption”, Office of
Pesticides Program, EPA. June 28, 1990. Fourth Editon, Revised September 18,
1987, including California Modifications October 9, 1985,

93
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TABLE 1:

The Average Percent Disposition of 4C Equivalents Following a Single Dsxmal Exposurs to Dosez of 1%C-Bydrogen Cyansaide in Male Ratz®:?®

Avarage Avaraga Average
Protective Associnted

Recovary Meouc 14c-pe
Appliancs Skin Rith Skin

Cage Cags of Applied Absorbed Absorbed
Rinses  Washes at Bite Blood Urine Wash Wi

pe Carcass 14c_ge ({Direct Procedura) fIndirect Frocedurs)
(Xl x) (% $] {pe/8)° {x} (X) (X} (%) (£ 4] (1} x)

0.1 mg/aninal (8 gp/cw?)

WO
RO
¥
HD

1] )

0.04  0.16

1.0 animal (B¢ pp/cm®

R «p.01
HD <0.01
g.03 a.02
ND 0.01
&.07 0.04
G.19 0.03

10.0 mg/animal (800 pe/cw?)

1.0% . . FD NOD ND
2.48 . . ND 0.01 0.02
.09 . NS RO <0.01
7.57 . . ND W <0.01
0 12.31 . . . 0.06 0.60 0.15
L] 14,33 11. € .20 0.93 0.22

S¥ach valus represasnts the waan of four rats.
bYalues ara expressad am percentage of applied doze.
“The pg/5 values refsr to the mean concentratlon of '*C-hydragen cyanamide sguivalents in the blood.

Abbreviations used: HBHC = hydrogen cysnamide; ND - not detected; NS = no aampls

Source: Tables 5-14; pp. 31 and 23-40
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Reviewed by: william B. Greear, M.P.H. W e B Brsen 9/3300
Review Section IV, Toxicology Branch I (H7509C)
Secondary Reviewer: Marion P. Copley, D.V.M. %&m 010591
Review Section IV, Toxicology Branch I (H7509C) ¢
A/_fjt/
DATA EVALUATION REPORT
(Supplement 1 to Study No. 3319-121; MRID # 412888-02
(Toy DOC # 008150)

STUDY TYPE: Guideline Series 83-1 .t 140
Chronic Toxicity in Dogs : 014002

N A988-02

TEST MATERIAL: Agqueous Hydrogen Cyanamide 50% w/w, clear
colorless material
Lot No. 07/07/87 (=530 g/l)

SYNONYMS: Carbimide, Carbodiimide, Amidocyanogen, Cyanogenanide,
SKW 83010, CAS 420-04-2

STUDY NUMBER: 2319-121
SPONSOR: SKW Trostberqg AG

D-8223 Trostberg, FRG
(Siemer & Associates, Inc.)

TESTING FACILITY: Hazleton Laboratories, Inc.
Vienna, VA 22180

TITLE OF REPORT: Chronic Toxicity Study in Dogs With Aqueous
Hydrogen Cyanamide

AUTHOR: M.R. Osheroff

REPORT ISSUED: May 10, 1989

CONCILUSIONS:
Aqueous Hydrogen Cyanamide (50% w/w, 53% w/v a.i.) was
administered by gavage to groups of 4 male and 4 female dogs
at dose levels of 0.4, 2.0 or 10.0 mg/kg/day (equivalent to
0.2, 1.0 or 5.0 mg/kg/day a.i.)

[For the first 2 weeks the dogs were administered 0.2, 1.0
or 5.0 mg/kg/day of the 50% technical.]

NOEL = 0.2 mg/kg/day a.i. ’

LEL = 1.0 mg/kg/day a.i. (based on decreases in MCV and MCH
in males and females, and an increase in pale areas of
the spleen in males)

addition, at 5.0 mg/kg/day a.i. there were increases in
males and females with rough haircoat and desquamation of
the skin, tremors, salivation, decreases in body weight
gain, leukocyte counts (males), albumin, calcium
(females), phosphorous (males) and T, (males) and an
increase in the relative weight of the thyroid-

100
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parathyroid (females), a possible decrease in sperm
activity (males).

010591

Classification: Core-Guideline

Study Acceptability: The study satisfies the requirement
for a Guideline Series 83-1 Chronic Toxicity in Dogs. Study.

This s'.pplement does not change the conclusions from the
previous DER, only clarifies them.
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Reviewed by: William B. Greear, M.P.H. L)~ B dreaa~ v/31193
Review Section IV, Toxicology Branch I (H7509C) 3
Secondary Reviewer: Marion P. Copley, D.V.M. f? /7
Review Section IV, Toxicology Branch I (H7509C)
Yaufa
DATA EVALUATION REPORT
(SUPPLEMENT 1 TO MRID NO. 415665-02)
(TOX DOC., # 008422)

Study Type: Guideline Series 83-2b Tox, Chem. No.:140
Oncogenicity BC No.:014002
Study in Mice MRID No.:421784-05

Test Materjal: Hydrogen Cyanamide

sSynonyms: Carbimide, Amidocyanogen, Cyanamide,
Cyanogenamide, carbodiimide, carbamonitrile,
Cyancgen nitride

Study Number: 6001-556/3
Sponsor: SKW Trostberg AG., Trostberg, Germany
Testing Facility: Hazleton UK, North Yorkshire, England

Title of Report: Hydrogen Cyanamide, Up to 104 Weak Oral
(Drinking Water)} Carcinogenicity Study

Author: M.J. Goodyer
Report Issued: October 1991

CONCLUSIONS:
Hydrogen cyanamide was administered in the drinking water to
grovps of 60 CD-1 mice/sex for 100 weeks to males and for
104 weeks to females at levels of 0, 70, 200, or 600 prm
(for males: O, 5.0, 13.7, and 36.8 mg/kg/day a.i.; for
females: 0, 6.6, 16.9, and 49.0 mg/kg/day a.i.).

NOEL = 70 ppm (6.9 mg/kg/day a.i.)

LEL = 200 ppm based on: females - increased incidence of
urinary bladder and kidney lesions (ncn significant);
decreased survival rate (Kaplan-Meier) in females.

In addition at 600 ppm in males there was decreased body
weight gain (significant); in females the decreased
survival was significant and there was ovarian
stromal/luteal hyperplasia. 1In both sexes there were
urinary bladder and kidney lesions.

Carcinoyenic potential: increased incidence (female) of
ovarian granulosa-theca tumors and related tumors
(thecoma, luteoma) at 200 and 600 ppm.
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Claspitication: Core-Minimum. This study satisfies the
requirement for a guideline series 83-1b oncogenicity
study in mice.

RESULTS AND DISCUSSION:

This study (initially reviewed in HED Doc. # 008422 dated

6/24/91) was classified as core-supplementary until the following
data/information was provided:

1 Data to verify the stability of dosing sclutions.

2 Data for clinical signs and palpable masses for individual
animals.

An explanation why note entries on the histopathology sheets
for "borderline with granulosa-theca tumors" were not
included in the tumor analysis,

Detailed historical control data on the incidence of
granulosa-theca tumors in this strain of mouse used at
Hazleton, UK.

The Registrant submitted responses to the above deficiencies.

1 (MRID # 421784-05) The report states that the actual range
of concentrations seen during the study was 91-117 % (of
nominal). Most of the results were noted as being 100 % +
10 %. Additional details were presented on pages 111 and
112 of the report.

Tables were presented for clinical signs, tissue mass
incidence tissues examined, missing tissues and autolytic
tissues.

(MRID # 421784-05) Based on the definition provided by the
study pathologist (attached - taken from rnages 8=9 of study
report) for use of the term "granulosa-theca tumor", Dr.
Brenneke (consultant for HED, EPA) determined that it is
appropriate to include the following lesion listings in the
covarian tumor tables in combination with "granulosa-theca
tumors".

- borderline with granulose-theca tumor
borderline with luteinized thecoma
borderline with granulosa-theca-luteal tumor
borderline with luteoma
borderline with thecal cell tumor
borderline with microscopic luteoma

Therefore, the total tumor count for this type of tumor is:
3, 1, 7 and 13 for the control, low,mid and high dose

2
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groups, respectively. This data will be evaluated by the
HED statistics group for the Carcinogenicity Peer Review.

(MRID # 421784-05) The historical control data submitted by
the Registrant Ave attached.

The deficiencies noted in the original DER have been
satisfactorily responded to. This study is therefore upgraded to
core-minimum and satisfies the requirement for an oncogenicity
gtudy in mice.

The HED Carcinogenicity Peer Review Committee considers these
tumors to be related to treatment (Doc. 9/15/93).
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HYOROGEN CYANAMIDE, UP TO 104 WEEK ORAL (DRINKING WATER) CARCINOGENICITY
STUOY IN THE MOUSE (KUK STUDY NO 6001-856/3): ‘
SUPPLEMENTARY COMMENTS ON GRANULOSA-THECA TUMOURS

ngroduction

The above study was conducted by Hazletan'UK (North Yorkshire, England), on
pehalf of SKW Trostberg AG (Trostberg, Germany) as sponsor. The fina)
report wis {ssued on May 3, 1990.

ypon request of the sponsor Hazleton UK was asked to supply additional data
for clarification of the results in the report. As far as the pathology
section 13 concerned Hazleton UK should specify the criteria of assessment
and classification which were used to evaluate the ovarian findings from
the above study.

Regarding this question Hazleton UK has prepared the following explanatory
note t0 the best of our knowledge. It is based ‘upon more than 20 years
experience in pathology work as well as on generally recognised principles
of tumour diagnosis and the available Ristorical background incidence data
on granulosa-theca tumours in Crl :CO-1{ICR)BR mice.

dackground comments on Qvarian Negplasms

Ovarian neoplasms are uncommon in CO-1 mice and 1ittle is known about
mechanisms. In general, a range of 0 to 3 is usually found in the standard
carcinogenicity studies containing 50-51 females per control group (Tahle
3). Because of this Tow incidence it was the geners) practice in Hazleton
UK to pool tumours or the sex-cord stromal elements under the general
diagnostic term “Granulosa-theca tumour®. This practice was adopted to
1ncro|sc the sensftivity of statistical anklysis of low incidence tumours
and was also applied to other low incidence neoplasms such as gliomas 1n

the brain. Civeda
[DEST AVAILABLE COPY |
tudy Data

Eight benign granulosa-thecs tumours were reported ir: high dose fesatss.
The tumours were generally microscopic entities. The conventional
subc1assif1clt10ns of these tumours include granulosa cell tumour, lhtiull
thecoms and tubulo-stromal adenoma. Most of the cases in this study ar'e
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of the luteoms form of granulosa-theca tumour as indicated in the free text
comments assoctated with the reported diagnoses. ODfagnosis of these
tumours 1s confounded by cysts, stromal/Tutea) hyperplasias and various
other conditions affecting the aged ovary, and the main criterton for
diagnosis was a nodular proliferation distorting or compressing the
surrounding ovarian vissue. Distinction between these nedules of Juteal
proliferation and more extreme forms of stromal and lutea) hyperplasia are
not clear-cut. :

In borderline cases, the pathologist classified the finding as hyperplasia
or nsoplasia based on nis Judgement and experience. However, where such
bordarline judgements were made, a free text note was made to this effect
$0 that reviewing pathologists could 1dentify cases where there was some
degree of uncertainty. There was alsc an elemant of uncertainty in the
diagnosis of a necrotic tumour in one control, but on balance, the
diagnosis was judged to be granulosa-theca tumour. This uncertainty in
some diagnoses 1s unavoidable in a subjective discipline such as patnology,
but decisions have to be made for the purpose of statistical analysis.

The judgement of the pathologist on borderline cases Yed to a relativaly
conservative statistical analysis compared with one that could have been
based, perhaps wrongly, on the inclusion of borderline tumours and
exclusion of the necrotic control. However, the di*ference would nave been
quantitative rather than qualitative and would only reinforce, not alter
the basic conclusion that the incidence of tumours in high dose females was
grester than in the controls and historical control data.

fonclusion

Ovarian tumours ars generally reported as rare in CD mice. The granulosa-

"theca tumours found in this study wers generally nicroscopic and usually of

the luteoma sub-type. Especially 1n the Ngh dose females they occltred at
4 higher incidence than that in the study control group and that usually
found 1n other groups of contro) females. Some ‘Tutea) hyperplazias and
nicroscopic tumours are similar morphologically and borderline cases do
occur. However, changing the allocation of the equivocal control case and
border1ine high dose females does not alter the basic qualitative

conclusion that the incidence of tumours in high dose animgls eccanied that
in the controls, :

[BesT AvAILABLE CPT)  eace por s 106
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TABLE 3 0105931 AU,

HAZLETON UK HISTORICAL CONTROL TUMOUR INCIDENCE (%)
OVARY: GRANULOSA-THECA TUMOURS IN Cri: CD-1(ICR)BR MICE

CONTROL TERM DURATION NQ. ANIMALS INCIDENCE
GROUP (YEAR) (WEEKS) PER GROUP (X) 4

1981 104 60
1981 104 60
1981 80 50
1981 80 50
1979 100 70
1980 104 90
1982 80 100
1981 80 51
1982 91 51
10 1982 80 51
11 1982 80 51
12 -1683 104 49
13 1984 - 9l 51
14 1984 91 51
15 1984 83 51
16 1985 104 51
17 1985 104 51
18 1985 g8 51
19 198§ 8s 51
20 1986 ' 80 51
21 1987 104 51
22 1987 : 104 51
23 1987 - 104 51
24 1986 104 62
25 . 1987 104 51
26 1987 104 51
27 T 1988 78 102
28 1988 83 102
29 1968 80 51
30 1989 104 51
3l 1989 104 , 50
32 1989 94 51
33 1990 80 51
34 1990 80 51

{ BEST AVAILABLE cm]
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DATA EVALUATION REPORT
(Supplement3to TOX Doc # 008162)

Study Type: Oncogenicity - Mouse Tox. Chem. No.: 140A

83=2b BC _Code: 014001
Accession No,: 073727 MRID No.: Not available

Tegt Materijal: Calcium Cyanamide
Synonyms: Cyanamide, Cyanamid, Lime-Nitrogen, Calcium Carbimide,
Aero Cyanamid Granular, Aero Cyanamid Special Grade,

Calcium Cyanamid, Cyanamid Granular, Cyanamid Special
Grade

Study Number: (NIH) 79-1719
sponsor: Siemar & Associates, Inc. for SKW Trostberg AG

Testing Facility: NCI Frederick Cancer Research Center
Frederick, MD

Title of Report: Bioassay of Calcium Cyanamide for Possible
Carcinogenicity

Author: Carcinocgenesis Testing Program, Division of Cancer Cause
and Prevention, National Cancer Institute, National
Institutes of Health

Report Issued: 1979

Conclusions: The Carcinogenicity Peer Review Committee (document
dated 9/15/93) concluded that:

"In an NCI study, Calcium Cyanamide when administered in the diet to
male BEC3IFl mice for 100 weeks was associated with an increase in
malignant hemangiosarcoma at 2000 ppm (HDT). The incidence of
hemangiosarcoma was twice that observed in historical control mice;
however, the increase was not statistically eignificant by pairwise
comparison with control mice although there was a statistically
significant positive trend (p<0.01).

The increase in malignant lymphoma/leukemia in female B&CIF1 mice
administered Calecium Cyanamide up to 2000 ppm in the diet for 100 weeks
was not considered bioclogically significant by the CPRC.

Dosing was congidered to be adequate in both gexes for assessing the
carcirogenic potential of Calcium Cyanamide.“

B6C3F1 mice were treated with 0, 500 or 2000 ppm
(approximately 0, 37 or 150 mg/kg/day a.i.) in the diet.

KOEL = 500 ppm
LEL = 2000 ppm based on increased mortality (males).
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(there was a slight decrease in body weight at both doses
but it could not be adequately evaluated (graph only). .
Ccarcinogenic Potential: treatment related increase in ;-
hemangicsarcoma (males). . .
Core Grade: Minimum. This study satisfied the guideline
requirement for a 83-2b study for Calcium Cvanamide or
hydrogen Cyanamide.

) L | .

The NCI report concluded that Calcium Cyanamide was negative
for carcinogenicity in mice. However, tvo tumor types appeared
. to be increased in the treated mice in this study. The incidence
of hemanglosarcoma was increased in males at the HDT, and there
wvas an igcrnascd incidence of malignant lymphoma in treated
fenale mice. ,

The incidence of hemangiosarcoma in male mice is shown in
Table 3. Thers was a dose-related trend (p < 0.01) for
hemangiosarcoma (all sites) in male mice; howevar, there was no
- statistically significant increase in this tumor type by pairvwise
comparison with the control group. .

There was no increase in the incidence of hemangiocsarcoma in
- female mice (0%, 0%, and 2% in control, 500 ppm, and 2000 ppm,
respectively). 3

Table 3. Caleciul Cyanamide - WNI? Study
MAle Essangiosarcoma Rates ia BECIPY Nice

=
g st

S | BEST AVAILABLE COPY )—

. l-nngtom 1/20 10/%0
(v} 1t} (20)

P ) . d-‘l- 0.11¢

Note: Sigunifisanee of trewd Geneted at gomtrol (Cosheaa-Armitsge or Raact
trend test). )

* Abstracted from the Memorandun from W. m dated Jamuary 20, 1987, EXD
DOC. No. 005481 (DER for the NP Nouse Oneegeaicity Study).

The historical control incidence of hemangicsarcomas in male
86CIFl1 mice at the tasting laboratory was 13/32) (4.08%). The
highest incidence observed in any male control group at the
t--tinz lahoratory vas 2/19% (10.0%). The incidence of
hemangiosarcoma in 2343 male B6CI71 mice has been raported to

it 3 i bR A BE MR L o et L LD
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range from 0% to 10% with a mean of 2.6% in studies conducted for
NCI (Goodman, et al., In: Handbook of Carcinogen Testing, 1985).

The NCI report indicated that tumors of the vascular systea
are relatively common in aging B&CIFl mice. Although thas
incidence of hemangiosarcoma vas twice the incidence observed in
historical control mice, there was no increase in treated mice by
pairvise comparison with control mice. However, the CPRC noted
that part of the reason for the lack of a statistically
significant increase 1ln tumors by piirwise comparison with
controls is the inadegquate nuaber of animals in the contrel group
of this study (n=20) compared to the axposed group (n=350). This
muy be illustrated if an artificial control group is created for
the purposes of statistical testing, with the same rate of tumor
formation as concurrent controls in this study (i.e. 5%).
Comparison of the tumor incidence in this group with that of the
2000 ppm animal group results in a statistically signiticant
1ncr.a;¢ in héemangiosarcoma (p<0.05) by pairwise comparison with
controls.

Although the NCI report concluded that the increased
incidence of hemangiosaycomas in males at the HDT could not be
attributed to the test matarial, the CPRC could not dismiss these
tumors. Hemangiosarcoma is a malignant tumor, it may have been .
significantly elevated above control by pairvise comparison if an.
adequate number of control animals had been included, and the
rate of tumor forsation at the HDT (20%) is very high, according
to Dr. tucas Brennecks (Pathology Associates Inc.). For these
reasons, the CPRC considers hemangiosarcoma & compound-related

\_.tu-ur in male mice at the MDT.

The incidence of lymphosa/leukemfia in fémale’éontrol animais”
vas balov the lower end of the range of 4/85 historical contrel
studiss. The DER contained the. suggestion that the low control
incidence of lymphoma/leukemia made the incidence of this tumor
type statistically significant at the EDT. It wvas difficult for
the CPRC to arrive at conclusions regarding the biological
significance of lysphoma/leukemis in famale mice vith the limited
histopathological data at hand. Thersfore, the CPRC agreed to
accept the conclusions of the NCI regarding this tumor type, and

::g.::: consider lywphoma/leukemia in female mice to ba compound-

(WEST ATARABLE TR
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DATA EVALUATION REPORT
te M Mo, (AR 790715 Ben 0508, GOoBL L)
Calclum Cyanamide

Study Title: Stability of Calcium Cyanamide, Technical Grade, in Animal Diet

DI Ragadl ke Ho Mt Bmo 83-2a b
(C,amr—Ttm of dose lewels ; iw Rat DEK)

Prepared for:
Office of Pesticide Programs
U.S. Environmental Protection Agency

1921 Jefferson Davis Highway
Arlington, VA 22202

Prepared by:

Clement International Corporation
9300 Lae I'ighway
Fairfax, VA 22031-1207

Principal Reviawer Date [ ﬂ
slca Kidwell, M.5.

Independent Reviewsr Z Date /’W")"_’,

QA/QC Manager Date M}

Contract Number: 638D10075 '[ST
Work Assignment Number: 2-78

Clement Number: 242

Project Officer: Caroline Gordon
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EPA Reviewer: L) Jlzw 8 X-. e MOE . Signature:!"@ . B n
Review Section Iv, Toxicology Branch 1, HED Date:__ §//L.]42

EPA Section Head: Mppiom P C epley, DV m. Simtura:m
Review Section I¥., Toxicology Branch I, HED Date: , ;;/7£ -

DATA EVALUATION REPORT

IEST MATERIAL: Calcium cyanamide

PC Codla: 0o

MRID Numbez: @15040-02

Tonr (S No tqc

PERFORMING LABORATORY: SKW Trostberg AG, Analytical Department, Dr. Albert-
Frank-Str. 32, D-8223 Trostberg, Federal Republic of Germany

IITLE OF REPORT: Stabilicy of Calcium Cyanamide, Techriical Grade, in Animal
Diet

AUTHOR: Dr. Ulrich Rust

REGULATORY COMPLIANCE: A Good Laboratory Practice Cowpliance Statement and a
Quality Assurance Statement ware not included.

STUDY COMPLETION: May 11, 1987

CONCLUSIONS: The stability of calcium c¢cyanamide in animal diet used for an
NCI cancer study was determined by SKW Trotsberg., Hydrogen cyanamide is
ragarded as thes active ingredient of calcium cyanamide because calcium
cyanenide 1s rapidly converted to hydrogen cyanamide. The test diet, Wayne
Sterilizable Lab Meal (400 g) containing 4% fat, was spiked with 41.35 mg
calcium cyanamide containing 27.3X hydrogen cyanamide, The concentration of
hydrogen cyanamide in the diet was 28.2 ppm (determined by calculation based
on amount added to diet). The spiked sample was homogenized and then stored
in a refrigerator at 7°C. The hydrogen cyanamide content was analyzed 7, 12,
and 17 days after preparation using high performance liquid chromatography
(HPLC) with a variable wavelength detector following derivatisation with 1,2-
naphthoquinone-4-sulfonate. Recovery analysis was not performed on day 0.
Recoveries of hydrogen cyanamide 7, 12, and 17 days postpreparation were 69%,
79%, and 79%, respectively (Table 1). These recovered percentags values wers
detersined using the calculated amount, not the analyzed amount, for day 0.
Although a recovery experiment was not performed on day 0, the recoveries for
days 7, 12, and 17 indicate that the stability of calcium cyanamide in the
diet preparations used in the NCI study is satisfactory.

CLASSIFICATION: 5 spploms Thv's addendme
Maiw reporl ijzzl{ud.) M.'».'.mn)\ BEST AVAILABLE ¢

M! b'—‘-q Fo'r"“'\e rol cameer s‘\'udlj km{ neovreet dO.S{
noted for The female, The wolt doges wWere @, 1006 200
while The females weve 0,100 H0ppm,
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Table 1

Date of
analyses

ile 01400

Amount of
cyanamide

(ppm)

Recovery
(%)

Standard
Test material

11/28/86
11/28/86

19.4

Standard
Tast material

12/03/86
12,/03/86

22.4

Standard
Test material

12/08/86

12/08/86

22.3
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Primary Reviewer: William B. Greear, M.P.H. LAl 8. Duse~ 2/33/23
Section IV, Tox. Branch I, HED {H7509C)

Secondary Reviewer: Marion P. Copley, D.V.M.,, X //
section IV, Tox. Branch I, HED(H7509C) 4//@%/ ?W/qj

DATA EVALUATION REPORT
(Supplement 1 to MRID # 412888-05)
(‘royx Doc #008150)

Developmental Toxicity Study - Rabbits (83-3)
TOX Chem No.: 1490
PC No,: 014002

421784-=06
Hydrogen Cyanamide (49 % w/w)

Dormex, Carbamide, Amidocyanogen, Carbamonitrile,
Cyanogen Nitride, Cyanogenamide

V 91,391 (main study B 84-0171)

SKW Trostberg AG

Testing Facility: TNO=-CIVO Toxicology and Nutrition Institute
Department of Biological Toxicology
Utrechtseweg 48, 3704 HE Z2eist, Netherlands

Preparation of Various Aqueous Cyanamide
Solutions and Analysis of these Solutions for
Actual Content, Homogeneity and Stability,
(Main study: Oral Embryotoxicity/
Teratogenicity Study with an Agueous
Cyanamide Solution (Content 49%) in New
Zealand White Rabbits (Final Report-~-Second
Revised Version))

I.J.Vuik (main study: H.B.W.M. Koeter and M.W.
vanMarwijk)

9/5/91 (main study: May 1989)

NOEL (maternal toxicity) = 12 mg/kg (6 mg/kg a.i.)
i

LEL (maternal toxicity) = 36 mg/kg (18 mg/kg a.i.)
(based on decreased body weight gain)

NOEL (developmental) = 12 mg/kKg (6 mg/kg a.i.)

LEL (developmental) = 36 mg/kg (18 mg/kg/a.i.)
(rased on disintegration of liver structure
and slight decrease in fetal size and weight)

Core Claggification: Core Minimum (data on the analytical
concentration, stability and
homogenicity data on the dosing
solutions were provided in MRID #421784-

114
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Study Acceptabjility: The study satisfies the requirement of a
Guideline Series 83-3 Developmental
Toxicity Study.

Riscussion:

Study deficiencies: These were adeguately addressed in the
supplement.

Issues: There are 2 independent DERs in the HED files. The
first (roxDOC # 005681) was prepared from the first submission
of this study (dated Nov., 1984). The second DER (TOY% DOC #
008150) was prepared from a second revised version, (May, 1989).
The RfD committee developmental specialists agreed with the
conclusions of the second DER. This one supersedes/replaces the
first. The separate reference to the first study in the one-
liners will be deleted.

The following additional supporting data tables from the study
report are attached to this supplement.

1) Reproductive parameters, taken from tables 3, 7, 8, pages 22,
27~ 30,

2) Maternal body weight values, taken from table 4, page 23,

3) Select fetal data, taken from table 11, page 32)
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