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MEMORANDUM

SUBJECT: Glynhosate ~ tist;A Chemic;1~for Reregistration -
Rereview of Toxicology .Studies for Acceprability

‘- Caswell No.:z 661A
Project Ho.: 1-0904
1D No.: 103601

o g i Task Hours: 488
FROM 3 W1111am Dykstra, 'Ph D. i/{g,‘ ﬂ,7pof¢< 5/3/%+
Review Section .I . &

Toxicology Branch I - Insecticide, Rodenticide Support
Health Fffects Division (37509C;

"
Ny

Iaj Ellenoerget “PM
Reregistration Branch ,
Special Review and Reteglatratton Division (373087

THR: Roger L. Gardnor, Sectlon Head“ﬂnnﬁavhqqukaey Eﬂy/?(

Review Section I
Toxicology Branch I - Insecticide, Rodenticide 3Support

Health Effect:z Division:(H7509C) ,

//‘2 , .
»7/1%‘7

Requested Action

The follow1ng studies need to be rereviewed to deterﬂ ne
their acceptability: 81-1; 81-2; 82-2; 83-la; 83-3a; 83~-3b
33-4; 84-2a; 84-2b; and 34~4 (other genotoxic effects).
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Reviewed By: William Dykstra, Ph.D. le A lanne %/’{ i 47/ F

Toxicology Branch I - IRS (H7509C) ‘
Ssecondary Reviewer: Roger Gardner, Section Head’M"ﬂ-W Yi¢ [?-
Toxicology Branch I - IRS (H7509C) (}{) 9(614

DATA EVALUATION REPORT

Study Type: 84-2(b):; Cytocgenetics In Vivo TOX Chem. No.: &61A
Accession No.: 251737 MRID No.= 00132683

Test Material: Glyphosate Technical; 98.7% ?urity
Synonyms: EHL Sample No. TZ830044
ud er: ML-83-236
Sponsor: Monsanto Company, St. Louis, MO
Testing Facility: Environmental Health Lab, St. Louis, MO

Title of Report: In Vivo Bone Marrow Cytogenetics Study of
Glyphosate in Sprague-Dawley Rats.

Author: A.P. Li -
Report Issued: October 20, 1983

Conclusions:

Glyphosate did not induce significant clastogenic effects in
rats under conditions of the study which was limited to the assay
of a single dose level of 1000 mg‘/kg. CA_cphosphamide at 25 mg/kg
caused a highly significant number of chromosomal aberrations
demonstrating the sensitivity J>f the assay. Under the conditions
of the study, glyphosate did not cause any fatalities or other
signs of toxicity. Monsanto addressed previous issues in
the letter of November 26, 1984 (memorandum of W. Dykstra of
March 12, 1985, attached).

Classification: Acceptable
‘Special Review Criteria (40 CFR 154.7): N/A
Note: Dr. Irving Mauer, geneticist, screened this

mutagenicity stufy for acceptability. The DER is based on part
of a Dynamac review. )
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Review:

Quality Assurance Statement - Present and dated October 21,
1983.

Test Materjal - The test material was identified as glyphosate
(EHL Sample No. TA830044), a white powder having a purity of 98.7
percent.

Materials and Methods:

Preparatijon of Test Material - The test materia)’ was
suspended in Hank’s buffered salt solution (HBSS) at a
concentration of 100 mg/mL and was neutralized to pH 7.0.
Sclutions were prepared no more than 24 hours before use. A
volume of 10 mL/kg was used for ip dosing.

Controls - Cyclophosphamide, the positive control, was
dissolved in HBBS (25 mg/mL). One mL/kg (25 mg/kg) was used for
dosing. A volume of 10 mL/kg HBSS, the solvent control, was
administered intraperitoneally (ip) to the control animals.

Animals - The animals used in the study were male and female
Sprague-Dawley rats [CD(SD)BR] from Charles River Breeding
Laboratories, which were approximately 9 weeks old at the time of
dosing. Water and Purina Laboratory Chow were provided ad libitunm
except at the fasting period 14 to 24 hours prior to dosing.
Animals were maintained in individual cages in rooms maintained
at 70 to 74 ‘F, a relative humidity of 35 to 60 percent, and on a
12-hour light/dark cycle.

Experimental Design - Rats (18/sex/group) were fasted for 14
to 24 hours and then injected ip with (i) solvent (EBSS), (ii)
glyphosate (1 g/kg), or (iii) cyclophosphamide (25 mg/kg). Six
‘animals of each sex and group (control, test group, and positive
control group) were sacrificed at 6, 12, and 24 hours. Two hours
before sacrifice each rat was injected ip with 2 mg/kg colchicine.
Sacrifice was by CO, asphyxiation and spinal cord severance.

Preparation of Bone Marrow Cells - Marrow was aspirated from

each femur into a 5 mL syringe containing 2 mL HBSS. The
contents were added to 5 mL of HBSS in a plastic centrifuge and
maintained at 37 *C until the slides were prepared.

Slide Preparation - The cells were pelleted by centrifugation
(700 x g- 10 min), suspended in 1 mL of hypotonic KC1 (0.075 M3,
and incubated at 37 ‘C for 30 minutes. The cells were then fixed
with an equal volume of Corney’s solvent (3/1, v/v methanol glacial
acetic acid). The pellet was resuspended in 4 mL of fresh cold
fixative and one to two drops of each suspension placed on a
clean wet slide. The slides were air dried, stained for 15 to 20
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minutes in a 2 percent Giesma solution, rinsed with water, and
again air dried.
Scoring of Sljides - The slides were scored by three persons
in Dr. Julian Preston’s laboratory (0Oak Ridge National Laboratory) .

Approximately SO mitotic cells (300/treatment) were scored for
chromosomal aberrations. The following data were recorded:

Number of cells scored

Number of cells with normal chromosome numbers

Chromosome~type aberrations (dicentric, ring, deletions)

Chromatid-type aberrations (chromatid deletions,
isochromatid deletions, interchanges, intrachanges)

Achromatic lesions (gaps)

Number of aneuploid cells

Location of cells with aberrations

Statjstical Analysis - The Student’s t-test was used for
data analysis, in which dosing with the test material or positive
control was compared to the solvent control.

Results:

The frequency of chromatid-type aberrations was low in Both
solvent control and glyphosate treated groups (Table 1). )

Table 1. Chromatid-Type Aberrations

Time Control Glyphosate

6 hours 7/5882 6/544
12 hours 2/5883 5/564
24 hours 4/5552 7/479

qNumber of aberrations/number of mitotic cells
examined. Data for males and females was
combined by this reviewer.

There were no chromosomal-type aberrations in marrow cells
in either solvent controls or the glyphosate group. :

The positive control group was scored only at 24 hours.
Because of extreme Cytotoxicity, caly 21 cells were available for
scoring in females and 256 cells in males. There was a high
incidence of chromatid type aberrations (231/277 chromatid

deletions, 71/231 chromatid interchanges, and 6/277 chromatid
intrachanges).
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New DER's ate attachedﬂ £ each of the studies which
nave been rereviewed for- acceptab111ty. The results of the
rereview are. sunmarxzed below.’pu :

Technlcal Glgphosate

Classificatiom
Study {Core-Grade)
81-1 ’l'oxi"zt ' Category III #iniaum
81-2 ,'f'fTox1cit13Category IV’ , Miniaum
82-2 o NOZL = 1ooo‘mg/xg/da1 . Guideline
83-la ‘noer, = 31 mg/kg/day Minimum
83-3a (Rats) Negative fot Terata-
Developmental *NOEL = 1000 mg/kg -
naternal ‘‘‘‘‘ NOEL = 1000 mg/Xxg Guideline -
83-3b (Rabbit)} Negat*ve For ;erata.
. Developmental NOEL = 350 ng/kg
Haternal NOEL = 175 mg/kg Miniury
83-4 ' ,“:dOEL 10 mg/kg/day , Miniun
81-2a negative fortuspm*/cao Acceptadble
84-2b xT'Negative‘for in vivo Rat
Cytogenetics Acceptadla
84-2a Negative for Ames Assay
(Two studies) Accegtable
84-2b - ‘'Negative for House Dominant
Lethal Unaccentabl=
84-4 Negative for Rec-Assay in
: -+ Beizsubtilis : Acceptadble
84-4 S Hegat’“ Eot«DNA Repalr in Rat

Hepatocytes U Unacéeptable

.-
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Reviewed by: Willian Dykstra, ‘Ph.
Review Section I, Toxicology Bran
Secondary Reviewer: Roger. Gardne:
Review Section I, Toxicolaqy Branc

DATA EVALDZIION REPORT

Tox Chem No. 661A
MRID No.: 00067039

sStudy Number: Honsanto‘Project No 2—70—90

Sponsor: ’. Honsanto Cbmpany( o ~ .
St.‘Louis, ‘MO 63129 ‘ .

Testing Eagili;z: Younger Laboratorzes
' st. Louis, HO

Title of Report: Toxicologlcal Investxgatlon of: CP67573~3

Author: ) Helvin D. Birch =

Report Issued: Septemher 18,f”

Conclusion: The test material; as prepared as a 25.0% agqueous
solutlon-suspension.» Four groups of: male and female (a total of 5
rats/group) Sprague-Dawley younger s received single, oral doses
by gavage of 3160, 3980, 5010 and 16310 mg/kg of test material.
Observation was for 7 days. - Hortality was 1/5, 2/5, 3/5 and 5/5
for the four groups. . ;

LDSo (Both sexes) = 4320 mg/kg (3930 - 4750 mg/kg)
Classification: core-lunim ~M&L_M

Special Rev w”"ﬂ“; (40 N/A

0Gl23
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1. ‘: ‘ c %ogical Investigation of: CP67573~-3
Birch, 9/18/70)

; Sample No. 96

Bp: ed as a 25.0% aqueous solution-—

ac pawley rat received single, oral
doses by ga ag 60 80, 5010 and 6310 mg/kg of test
‘Observation was for seven days.

320 mg/kg:; 95% C.L. (3930-4750
deBeer for LD;,

m Fate
1 - Fenale ‘ ; 3160 Survived
2 - Male - ; o 3160 Survived

3 - Female 0 3160 Died
4 - Male ‘ 3160 Survived
5 ~ Female 3160 Survived
6 - Male ‘ 200 3980 Survived

7 - Female 215 3980 , Died
8 -~ Male . 220 3980 Surviveg
9 - Female s 198 = 3980 Survived

3980 Died

5010 Died
5010 Survived

5010 Died

5010 Died
5010 Survived

6310 Died

6310  Died

6310 Died

6310 Died

6310 Died

educed appetlte (three to seven
diarrhea, increasing weakness,

CGola
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Necropsy: . H orrhagic ungs ;and liver and gastrointestinal
1nflammation

Comment:
GLP's. ;
testing lab. .-
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Reviewed by: wulzamnyks tra, Ph.D. LYl Cogp1e- b /4/444

Section I, Tox. Branch I, 'IRS, H7509C /
Secondz:ry'reviewer‘ ‘Roger Gardner, Section Head %-me%nay s/H / o
Section I, Tox. Branch I, IRS \H7509c

DATA EVALUATION REPORT

STUDY : .- 81-2, AcutewDermal, Rabbits TOX. CHEM.NO. 661A
Accgssigﬁgﬁﬁﬁégg;}u/a‘ ' MRID NO. 00067039
xggg;ﬂagg_gég éf;ﬁhbsaté, Technical; sample 96 '
SYNONYMS : cp. 67573—1~}Rohndup.

STUDY gggggg (s): Monsanto Pro;ect No. ¥-70-90

SPONSOR: ' Monsanto;Co.,¢$t. Louls, MO

TING FACILITY: Younger Laboratories, St. Louis, MO
TITLE OF RéPQQI: Toxicolqéical Investigation of CP-67573-3
AUTHORS (s); Melvin D. gi:;ﬁ
REPORT ISSUED: 9/18/70
CONCLUSIONS? LDm> 7940 mq/kq (females) and 5010 ma/kg (males)

‘de NZW rabbits,mone male and one female, were used in the
study.

One male young NZW, 1.8 kg BW, received a dermally applied
dose of 5010 mg/kg of glyphosate technical, as a 50% aqueous
paste, on the fur clipped trunk under occlusive wrap for 24
hours. One NZW young female ‘rabbit, 1.8 kg BW received 7940
mg/kg under similar occlusion for 24 hours.

There were no deaths 1n‘the study during the 14 day
observation: perzod.¢ There 'e.noaclznlcal signs and no abnormal
necropsy flndlnqs- :

Although, here are’ obv usly 1nsuff1c1ent numbers of rabbits
used, technical glyphosate .is clearly in toxicity category IV and
would undoubtedly exceed ‘the *2. Olﬁb/kg limit dose for dermal
tox1c1ty guxdellnes. Sy

C1a551§;cat;on° Coreiﬁinigg’,fToxic;tz Category IV
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1. Acute Dermal L
CP 67573-3; Yaunger
9/18/70) S
&S.;_Mgsg_r_;élz

TaaLNZW rabbi
study. " The mal

) Ra ‘;ts (Toxicological Investigations cf
Lahoratories. Monsanto Project No. Y-70-90:

echnical; Sample No. 96

testing.
Results:

11%0 > 5010 ‘g/kg male)

These resq}ts are shown below as presented in the
report: SRR AR P

Sample Applied As A 50.0% Aqueous Susgension
k weight Charge

Weight Dose 5 Days Later
Animal No. - Sex Ke. Mg /Kg. Key Fazs
1 Male 1.8 0.1 Surrived
f2_,ann‘tale ‘1:8 0.0 sSurvived
Toxic igns: None_ observed
Necrog y: No n findings reported
13551g ca ; n: Core-Minimum @ Toxicity Category IV
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Reviewed by: William Dykstra, ph.o./@édZEM“' ‘27”¢>

Section I, Tox. Branch I, IRS, H7509C Vo

Secondary'reviewer: Poger Gardner, Section Head MW? 6// YI ‘l{
Section I, Tox. Branch I, IRS, H7509C

;’DATA EVALUATION REPORT

“sz-z, 21 Day Dermal, Rabbit TOX. CHEM. NO.: 661A
MRID No. 00098460

"s':ff IRDC, No. 401-168

_ Monsanto Co., St. Louis, MO

xggngg;gggiglzxzr IRDC, Mattawan, MI

TITLE b? REEGRI: 21-day dermal toxicity study in rabbits
AUTHOR(s): ... Dale E. Johnson, Study Director, 3,/16/82

REPORT 1§SU§ : March 10, 1982

Techn1ca1 glyphosate was tested 1n a 21-day dermal
study in rabbits at the follow1ng dose levels: 0, 100, 1000 and
5000 mg/kg/day bnth with intact and abraded skin.

CONCLUSIONS: The NOEL is 1000 mg/kg/day (mid-dose). The LEL is
5000 mg/kg/day and the effects were (1) very sllght erythema and
edema observed visually, but not mlcroscoplcally, in both sexes
of intact and ‘abraded skin of treated rabbits in comparlson to
controls, (2) food consumption was consistently decreased in twc
female high-dose rabbits during the study to a greater extent
than in controls and (3) LDH was statistically significantly
decreased*’ both sexes ,at the high-dose, but this was not

oxico ogxcally significant finding (Clinical Guide
tory Tests;fn W. Tietz, 1983, W.B. Saunders Co.).

xe-guldellne
Tegt;gg Gu;gg ;g gglsf;e 82-2

Cilly
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1. 21-day xicity study in rabbits (IRDC No. 401-168;

3/10/82)

“glyphosate, technical; white powder:; purity not
’ nto Company.

st ﬁ’ﬁ'ﬂﬁk

given; sour;e:

ity As : Signed by Barry W. Benson, B.S.,

Director :of; QualitywAssurance, March 10, 1982. 1In addition, a
L prC ed by the Study Dlrector that GLP's were

ale and 62 female NFW rabbits, young adults,
Davidson's Mill Farm, Jamesburg, N.J. and

! ividually housed and fed Purina Certified
Rabbit Chow #5322 and water ad libitum. Animals were observed
daily and’ placed into study groups based upon sex and body weight
and randomlzed sel tlon.

e;hgds Forty male (2359-2883g) and forty female (2344-2955q)
rabbltshwere%assx ed to the following treatment groups

Number of snimals ard =i+in

Dose Level nreparation )

Group Test Material Mg/kg Male Female !

. : : : I A I A !

0 5 5 5 .5 f
) glyphosat:e tech. - 100 5 5 5 5
IIT__ glyphosate,- tech.w  ) 1000 5 5 5 S
X 5000 5 5 5 5

IV~ glyphosate,
A I = Intact A = Abraded

Approx1mately 30% of the body surface of the trunk of each
rabbit was shaved free of hair to begin the study and as often as
‘needed. . Twice .each week, immediately prior to administration of
‘the test material e dorsal skin of one-half of the rabbits was
abraded. ' ' ST ’

The tes al was m01stened (made pasty) with
physxologlcal saline’and even’ Yy applied onto the shaved skin
surface ‘of -th ts. The test material was held in place by
occlusion. ﬁo, rs per day, five days per week for 3
consecutive weeks he test material was washed off after each &
hour exposure per;od. The rabbits wore collars to avoid
1ngestlon of the'test material during the entire study.




abbits were observed once daily for toxic signs and
jon. - , a

e

‘There were no compcund-related signs of systemic

“ Dermal -irritation, consisting of slight erythera and
rved. Scores of 0.5 for edema and erythema -in

'scores of 0.5 to 1.0 for edema and erythema in

re: observed at 5000 mg/kg/day. These cutwvardly

kin:reactions were not detected microscopically.
al irritation at 100 or 1000 mg/kg/day.

,R_a_bpits were observed twice daily for mortality.

Results 'fhere were no deaths during the study.

or abraded rabbits -in comparison to controls. The following
tables, taken from the report,show the body weight changes in

intact and abraded 'vrabb its

g

ggg_g_],g . There were no statistically significant changes in
[or body weight gain in treated male and female intact

Keans, standaed Deviations, ¥ and Significae

Body Weights Changes (grams), Abraded
Study - — 100 wykg | _ 1000 mykq 5600 m/ky
Period [3 o F M F ” F
fnitiation - Term
Ave. ' 207 299 535 s20 ) 338
s.z;.’“‘»; —— 179.0  275.9 202.6  2719.2 187.7  305.1
% =5 5 s -5 5 -5 5 7
.Means, Standasrd Deviations, M and Significance
Body Weight Mm'a). Intact :
- rol) 1w D ML ) VSQQ_Qqu‘
M . F ] F " F
10 281 154 409 356 177 237
110.1 114.1 239.3 187.2  218.0 1106 482.6
5 5 5 s 5 5
3

<D
y
cd
[
(L
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4. Food {onsumption - Visual estimates of food consumption were
made daily for each rabbit.

Results: Although decreases (and some increases) were
randomly noted in ail groups on several occtasions, there did
appear to be a treatment-related effect in decreased food
consumption in treated females at 5000 mg/kg in comparison to
controls. At 5600 mg/kg/day intact skin, treated females had
consistently lower food consumption in twec rabbits (#14390 and
14428) in comparisor. to controls.

S. Clinical Pathology Studies - vle~d was collected from the ear
vein of each rabbit at day 21 for evaluation of hematology and
clinical chemistry studies.

Hematology -

X .
Hematocrit (HCT* Total plasma protein (TP)
Hemoglobin (HGB)=* X} Leukocyte differentizal count
Leukocyte count (WBC)=* X| Mean corpuscmlar HGB (MCH)
Erythrocyte count (RBC)* X| Mean corpuscular HGB conc. (MCHC)
Platelet count* X| Mean corpuscmlar veolume (MCV)
Reticulocyte count

Results - There were no dose-related, statistically
significant differences between control and treated male and
female rabbits. Although occasional statistically significant
findings did occur, based on their lack of dose-response, they
were not considered compound-related. Therefore, there were no
compound-related hematoliogical findings in treated male and
female rabbits in comparison to controls.



b. inica emist

X X
Electrolytes: Other:
X| Calcium=* X| Albumin*
X} Chloride* X| Blood creatininex
‘Magnesium* X} Blood urea nltrogen*
X| Phosphorous* X| Cholesterol*
X! Potassium* X| Globulins
X SQdium* X| Glucose*
Enzymes X] Total Bilirubin*
X}  Alkaline phosphatase X} Total Protein#*
Cholinesterase Triglycerides
- Creatinine phosphokznase* .
X Lactic acid dehydrogenase
X Serum alanine aminotransferase (also SGPT)#*
X Serum aspartate aminotransferase (also SGOT)#*

Results - Lactate dehydrogenase (LDH) was significantly
reduced in high-dose males and females in comparison to controls.
. The values (IU/L) were 250,169,291 and 76* for C,L,M and HD males
“rtand 189, 149, 258 and 28* for C,L,M. and HD females (*P<0.05).
However, decreases in lactate dehydrogenase are not of
toxicological significance. Therefore, there were no compound-
related, tox1cologlcallj 'significant findings'ln clinical
chemistries in treated males and females in comparison to
control. Other statistically significant findings were . -also not
considered toxlcolog1cally significant. :
6. Sacrifice an olo -

All animals that died and that were sacrificed on schedule
were subject to gross pathological examination and they were
CHECKED (X) tissues were collected for histological

-examination. The (XX) organ in gdd;t;on were weighed.




Digestive Cardiovasc./ Neurologic
system Hemat. .
Tongue Aorta* Brain#*
Salivary w Heart* Periph. nerve*®
lands* - ; -
Esophagus¥* Bone marrow® Spinal cord
. (3 levels)*
Stomach* Lymph nodes* ‘ Pituitary*
Duodenum¥ Spleen¥* Eyes I
(optic n.)*
Jejunum* Thymus* Glandular P
Ileum* Urogenital Adrenals#*
Cecum#* XX Kidneys* Lacrimal gland
Colon% Urinary Mammary gland#®
bladder*
Rectum* XX Testes* Parathyroids*
Liver® X Epididymides Thyroids*
Gall bladder* Prostate Other
Pancreas¥* Seminal Bone*
vesicle ’
Respiratory XX Ovaries Skeletal
Muscle*
Trachea* X Uterus* Skin (treated
& un;reated)
Lung* All gross
lesions and
masses

W: Weighed but not .examined micquscopiéally.

T
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(P




609614

Results
a. Organ weight -

There were no statistically significant differences between
absolute and relative organ weights of male and female treated
rabbits in comparison to controls.

b. Gross pathology -

There were no compound-related macroscopic observations in
treated male and female rabbits in comparison to controls. The
find‘ngs which were observed occurred in control as well as
treated groups and were not dose-related. Most findings occurred
as single animal observations.

c. Microscopic pathology -
1) Non-neoplastic

No compound~related microscopic lesions were observed in
treated male and female tissues examined in comparison to :
controls, including treated and untreated skin from both sexes.
The findings which did occur were not dose-related. -In treated
skin and untreated skin, the most common finding with respect to
incidence and grade was trace to mild dermal inflammatory cell
infiltrate. Although, one mid-dose female had trace necrosis in
treated skin, untreated skins of 3 male rabbits from the mid-dcse
and one from the high-~dose also showed mild focal necrosis.
Therefore, this finding was not compound-related. Additionally,
tec.es of male rabbits from the control and test groups showed
trace to mild seminiferous tubule degeneration. This was not -
compound~related but probably due to non-specific stress.

7. Statistics: Body weights (terminal), hematolcgical and
biochemical parameters (day 21) and absolute and relative organ
we1ghts (terminal sacrifice) were compared by analysis of
variance (one-way c1a551f1catlon), Bartlett's test for
homogeneity of variances and the appropriate c~test (for equal or
unequal variances) as described by Steel and Torrie using
Dunnett's multiple comparlson tables to judge sanlflcance of
dlfferences.

- All statlstlcal an .lyses compared the treatment groups w1th
the control groups, by sex.
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Reviewed By: William Dykstra, Ph.D. lzudﬁﬁ'b ‘27

Section I, Toxicology Branch I - IRS (H7509C)
,F\ Secondary Reviewer: Roger Gardner, Section Head ¢W&m 5/’3/11
Section I, Toxicology Branch I -~ IRS (H7509C)°
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. ' DATA EVALUATION REPORT ' ,;099614‘

Study Type: 83-1, Chronic Toxicity =~ Rat TOX Chem. No.: 6614

Accession Number: A -~ MRID No.: 00093879

Test Material: Glyphosate, technical; 98.7% purity; Lot XHJ-64;
. white powder e

Synonyms s Round:up
Study Number: Bio/Dynamics, Inc., Project No. 77-2062

Sponsor: Monsanto Company

Testing Facility: Bio/Dynamics, Inc.
East Millstone, NJ

Title of Report: A Lifetime Feeding Study of Glyphosate iu Rats.

Authors: George P. Lankas, Study Director, December 15, 1981

Report Issued: December 23, 1981

Conclusions:

Male and female rats were fed glvphosate in the diet for 26
months at the following dose levels: 0, 3, 10, and 31 mg/kg/day-.

The NOEL for chronic toxicity was 31 mg/kg/day (HDT). There
was no HMTD in the study and therefore the study does not qualej
as a carcinogenicity study. Nevertheless, oncogenic issues
relating to C~cell thyroid carcinomas in females and interstitial
cell testicular tumors were observed and have been fully addressed.
The carcinogenic potential was negative up to 31 mg/kg/day (HDT).

Classification: Core-Minimum (for chronic toxicity only)

Special Review Criteria (40 CFR 154.7): N/A

05017
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A. Materials: )
1. Test Comgound - Glyphosate, technical; Description: white
‘powder; Batch No.: XHJ-64; Purity: 98.7 percent; Contami-
nants: List in CBI appendix. ;
2. Test Animals - Species: Albino Rat; Strain: Sprague-Dawley

CD; Age: 28 days; Weight - Males: 124 g, Females: 102 g;
Source: Charles River, Wilmington, MA 01887. ’

B. Study Design: /
1. Animal Assignment - Animals were ass1gned randomly to the‘
EoIIowing test groups: L '

Main Study Interim Sacrifice'

: Dose in Diet 26 Months -‘Months
Test Group {mg/kg/day) - Male 'Female Male Female
1 Control 0 50 50 - —
2 Low (LDT) 3 50 50 - —
3 Mid (MDT) 10 50 50 - _—
4 High (HDT) 31 50 50 - _—

2. Diet Preparation - Diet was prepared weekly and storesd at
room temperature. Samples of treated food were analwzed
for stability and concentration at day 1 and day 7 of each
feed preparation.

Results - Diet analyses results show analytical levels

were within + 16 percent of nominal .concentrations for 4
all three dose levels during the entire | study.  Additionally,
.glyphosate was stable in the basal diet for the l-week

period of use with assays ranging from 97. 4 to 116 percent

w1th a mean value of 104 percent.

Homoegeneity analyses of the top, middle, and bottom of

the 30, 100, and 300 ppm diets showed the percents of
planned diet averaged 95.8, 97.0, and 99.9 percent,
respectively. The coefficients of variation were less the
6.3 percent for each dose level ﬁeasurement.

3. Animals received food (PurlnawLab Chow) and water ad
“rlibitum. i by . :

4. Stat:stics - Body weight, food consumptxon, hematology a1d
clinical chemistry parameters, organ weights and organ/
'body weight ratios, and organ/brain weight ratios were
‘analyzed. - Mean values of all dose groups were: compazed
to control at each time interval. Statistically significant
differences from control were set at p < 0 05. " Statistical
-methods are attached (Appendix A). R S

-2




S. Quality assurance was signed by Craig Lamb on
September 23, 1981.

C. Methods and Results:

1. Observations - Animals were inspected twice daily for
signs of toxicity and mortality and weekly for detaxled
physical examination.

-There were no compound-related toxic signs.  The most
frequent observations were alopecia, lacrimation, nasal
discharge, and rales and occurred at comparable frequencxes
between control and treated rats of both sexes.

Results

Mortality (Survival) - Survival was approximately 80 to

90 percent through month 20. The study was terminated at
month 26 when survival reached 30 percent in control males
and high-dose females. The following Table ftom the report
summarizes survival results.

Mortality” , o \ .
Number of Animals ' »

Group Initial No. : .
ma/kg/day on Test Month: 123456789 1011 12 1314 15 16 17 18 1S 20 21 22 23 24 25 26 Totat

Males
1 50 000010290 00 0000 2 121 44183243 35
3.00 ,
0" 50 000100230000 0101060620632 127520 267
5.05
1 50 000100C11 000060 20G06T1 01435343 3%
12.30
"W 50 000000000 00 00 O0OC T 006G T S 24461 26
31.45 , ,
Females
. - 50 000000000 00 0 1001 01104211 3573 32
3.0
r 50 0060010600 00 000G 2100322600571 27
3,57 :
111 50 000000000 000201000271 415220 22
11.22 -
v 50 0600010600 1 0 0 0OCO 10432535465 63 35
34,02 . R
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2. Body Weight - They were weighed weekly for 14 weeks, then
biweekly for remairder of study. ..

Results
‘ Body Weiqhtsa
Males , Dose (ppm) i - Females
Week 0 30 100 300 0 . .30 . 100 300
0 182+ 10 182+ 13 83+ 11 123412 141+ 10 138+ 8 139+ 9 137+ 9
26 547+ 53 S47+ 54 546+ 51 536+ 46 294+ 32 293+ 31 288+ 28 287+ 31
(100%)” (100%) (9837 (100%) (98%) (98%)
52 664+ 79 655+ 75 650+ 68 634+ 64 366+ 57 356+ 51 347+ 51 354+ 56
(99%) (98%) (95%) (97%)  (95%) (973) -
78 7244104 725+ 96 699+ 85 691+ 79 427+ 94 404+ 71 406+ 65 420+ 87
(100%) (97%) (95%) {95%) {95%) {98%)
104 6934101 689+ 88 702+ 96 691+ 89 4534103 4324101 438+ 73 444+ 83
(99%)  (107%)  (100%) (95%)  (97%) (98%)
T 6944135 6754113 664113 692+ 94  45T+127 456+ 91 438+ 81  448+101
(97%) (96%)  (100%) (100%)  (96%) (98%)

aData excerpted from submitted study. Values are mean + std. dev., calculated by
the investigators. T T RN
Percent of control, calculated by reviewer.,
T = termination, week 110 for males, 112 for females.

There were no meaningful statistically significant® or
dose-related decreases in body weight or decreased body
weight gains during the course of the study. The maximum
decreased body weight ranged 2 to 6 percent less in treated
males in comparison to controls during the intermediate
months of the study. For females, these differences were

. statistically significant during months 20 and 21, but
not dose-related. These minimal differences in body
weight at such a late time thlDdg( ‘:3months) and the
lack of effect on animal ‘survival -are: considered to not
be tox1cologlcally 51gn151cant. 3

3. Food Consumptlon and Compound ‘Intake - Consumption was
determined weekly for first 14 weeks and biweekly there-
after, and mean daxly‘diet ‘consumption was calculated..
Efficiency and compound intak2> were. calculated ftom the
consumptlon and body weight ga1n data. L .

ran
u~~U




oo‘ié“P

Results - Food Consumption -~ Food consumption was
comparable between control and treated rats of both
sexes. Based on body weight and food consumption: data,
diets containing glyphosate were adjusted to achiewve
dietary levels of 3.05, 10.30, and 31.45 mg/kg/day in
males and 3.37, 11.22, and 34.02 mg/kg/day in females.

4. Ophthalmological examinations were not petformed;

5. Blood was collected before treatment and at 4, .8, 12, 18,
and 24 months for hematology and clinical analysis from
10/sex/group animals. The CHECKED (X) parameters were
examined. S e S : S

a. Hematology

X ' X : - ;

X| Hematocrit (HCT)* ~| Total plasma protein (TP)

X| Hemoglobin (HGB)* X] Leukocyte differential count

X| Leukocyte count (WBC)* Meana corpuscular HGB (MCH)

X! Erythrocyte count (RBC)?* Mean corpuscular (HGB conc. (MCHC)

X] Platelet count* Mean .corpuscular volume (8BCV)

b. Clinical Chemistry

X X

TElectrolytes “Other

X| Talcium* X} Albumin*
Chloride* Blood creatinine*
Hagnesium* X| :Blood urea nxtrogen*

X} Phosphorus* X| Cholesterol*: . °-: .=

A| Potassium* X| Globulins -~ - J>*?,
Sodium* X| Glucose* (fasting)

Enzymes X] Total bilirubin* & direct

X] Alkaline phosphatase ‘ -bilirpbin
Cholinesterase ' X|”Total protein*
Creatinine phosphokinase* Triglycerides

X] Lactic acid dehydrogenase

X| Serum alanine aminotransferase (also SGPT)*

X

Serum aspartate aminotransferase (also SGOT}*

c. Urinalysis - Urine was collected from fasted anlmals
at 4, 12, 18, and 24 months. “The ChECKED (x)
parameters were examined.

*Recommended by Subdivision F (October 1982) Gu1dellnes for
chronic studies. . .
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X - X

X| Appearance* -~ |X| Glucose*
Volume®* X] Ketones*

X| Specific gravity* X] Bilirubin?*

X} pH X] Blooc*

X| Sediment (mlcroscoplc)* Nitrate

X, Protein* ; Urobilinogen

Results -~ Hematological, clinical chemistries, and
urinalysis evaluations at 4, 8, 12, 18, and 24 months

did not indicate any compound-related effects. The
occasional statistically significant finding in a parameter
was either not dose-related, within the range of historical
controls, not consisterntly occurring over time, or was
without toxicological significance.

7. Sacrifice and Pathologx -~ All animals that died and that
were sacrificed on schedule were subject to gross patho-
logical examination and the CHECKED (X) tissues were
collected for histological examination. The (XX) organs
in addition were wexghed. , N

-

X X : . X -
~ Digestive system ~ Cardiovasc./Hemat. ~ Neurologic
Tongue X Aorta* XX| Brain*
X | salivary glands* [XX| Heart?* X Periph. nerve*
X Esophagus* X Bone marrow®* X Spinal cord
X | Stomach* 41X | Lymph nodes* . (3 levels)*
X Duodenun* XX| Spleen* XX| Pituitary*
X | Jejununm* (X Thymus* X Eyes (optig n.)*
X Ileun* Urogenital . Glandular
X Cecum* XX Kldneys*fi XX| Adrenals*
X Colon* X Urinary bladder* X Lacrimal gland
Rectum* XX] Testes* X | Mammary gland*
XX| Liver* X Epididymides X | Parathyroids*
X | Gallbladder* X Prostate XX| Thyroids*
X | Pancreas* X | Seminal vesicle .. Other
Respiratory XX| Ovaries X Bone* and bone marrow
X" | Trachea* X Uterus* X Skeletal muscle*
X Lung* X Skin
- 1X | All gross lesions
) and masses
) X | Blood smear
X | Head
41X | Harderian gland

*Recommended by Subdivision F (October 1982) Guxdellnes for chronic
studles. .
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Results

a. Organ Weight - There were no statistically significant,
dose~related intergroup differences in absolute and
organ to body weight ratios and organ to brain weight
ratios in male and female treated rats in comparison

to controls. Tharefore, -there were no compound-related
effects in organ weight. O

b. Gross Pathology ~ There were no compound-related
effects in gross pathology. The postmortem findings
occurred sporadically or were found in both control
and treated rats and were not considered related to
treatment. B T i . :

c. Microscopic Pathology

1. Honneoplastic

Microscopic examination revealed lymphocytic
hyperplasia of the thymus occurring at
statistically significant -incidences in the mid- -
and high-dose female rats. .
A statistical amnalysis was previously conducted
"Test for Significance of Differences Between
Proportions" (February 5, 1982).

Lymphocytic Hyperplasial

s
NO. One Tail P Statistic
RESP Total 3 +/~- 2{SD) Fisher's
5 25 20.00 +/- (17.63)
13 32 40.63 +/~ (18.58) 0.084
18 37 48.65 +/~ (17.46) 0.020
17 34 50.00 +/- (18.28) . - ~-0.017

Test for a linear trend is not significant.

This lesion was not coasidered compound-related
for the following reasons:.. .+ S¢id oo

a) This lesién'is knoﬁn'to~océﬁr spontaneously
in older rats and-is quite .variable in the
thymus. v T e e L

b) There was no appreciablé}@ifference in the
incidence of this lesion in.the spleen, a

much less variable indicator for lymphocytic
hyperplasia. - S oo
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¢) The séverity was similar for control and
treated rats, ranging from minimal to -
. moderate.

A clear dose response was not evident and there
were no changes in the hematology parameters in
treated ‘animals which would confirm the findings
of the relatlonshlp of these lesicns to
treatnent. . ,

Neoplastic .

Males - The intetstltxal cell tumor in the testis
of male rats was observed in the Eollowxng gtoups
as shown’ below-ﬁ”"~ S

Group I (control) 0/50

Group II (low dose) 3/50
Group 111 (mid-dose) 1/50
Group 1IV (hlgh dose) 6/50

The occurrence of testlcular xnterstltial tumors
of 12 percent (6/50) in the high-dose group is
statistically significant (p = 0.013).

To further examine these results, the historical
control data for interstitial cell tumor of the
testes were compiled. These control data include
only those lifetime feeding studies with: Charles
River Sprague-Dawley rats ‘conducted'b
Bio/Dynamics, Inc. which were tested concurrently
with the present:study, i.e., wer 12

within 9 months:of ‘termination of
study, and lasted at least 24 months. . .
male animals on test, the h1gh-dose groups;
incidence in the present study is 12 percent
(6/50) and was slightly higher than the highest
concurrent control incidence of 7 percent (5/75)
and higher than the overall incidence of 4.5
percent (24/535).

Additional historical control data weregobtalned
from Charles -River Breeding: Laboratorles
(Patricia Lang,*"1985) “from 24-month’ studxes
conducted between 1977 and 1985 using ‘Sprague-
Dawley rats provided:by Charles. vaer~Breed1ng
Laboratories. The dat: consisted of 11+ igroups of
control anlmals from va-ious laboratories.

L)
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Location & Tumor

oot}

! B
- No. . NO. .

Testis
Interstitial c
Interstitial ¢
Interstitial c¢

Ex

Tumor

Interstitial cel
tumor (B)

Interstitial cel
tumor (M)

Interstitial cel
tumor (NOS)

Exam Tumor - Percent 'Range

8go |
ell tumor (B) 7 31 3.5 0 -12.90
ell tumor (M) .1 . 0.1 0-1.1
ell tumor (NOS) 23 2.6 0 -9.1

Ind1v1dual studxes are shown below.

panded Table of Test1cu1ar TUmors in
cD® Rats'm 24 Months .. LNt

2 Gtoup"' e _
A B C D E F. G H.TI J K .
N =280 80 86 75 75 100 90 55 89 75 75

1 - - 2 2 2 6.4 - - 9 § -
1 T S

1 3 7 - —-;4--"‘;;if;;‘":5 8 - -

It can be seen from the Charles River Data Base
that the upper end of the range reaches 12.0
percent which was the 1uc1dence level 1n the high-

dose glyphosate group.:

In view of the. totallty of:
Branch :(TB) ~ag ;
Dr. Hartin G.

in the high dose group of nale ratS‘in thxs studj
in comparlsonvto control group:is,not known., It

cell tumor in the'testls in ‘Group TII and Gtoup
III of this study was similar to 'the incidence
observed in the control groups of’ male tats An
the other ‘concurrent .studie : o

to be related to the adni
compound in th1s study-;

‘that’ as .not " carc1nogea1c -
to 1nterst1t1a1 cells (Leydxg cell') of the .

~onoey T
Cu’x.:-




Incidence (Percent) of Spraqu

Doqert

\
e-Dawley Females Bearing Thyroid

C-Cell Tumors o

All Animals Examined

Group Control Low Dose Mid Dose High Dose
Tumor 0 3 (mg/kg/day) 30

Adenoma 5/47 (11) 3/49 (86) 6/50 (12) 3/47 (6)
Carcinoma 1/47 (2) 0/49 (0) 2/50 (4) 6/47 (13)
adenoma or 6/47 (13) 3/49 (6) 9/47 (19)

Carcinoma

8/50 (16)

The above table shows that the percent incidence
of carcinomas for all female animals examined is
2 percent in the controls and 13 percent in the

high~dose animals.

Additionally, the percent
incidence of adenoma and carcinoma combined in
Table II shows that the contc-ols (13%) are
comparable to the high-dose (19%).

The time-tc-tumors data also shows that the
latency of tumors is not affected by treatment.
Thyroid weights showed no treatment-related
increases and thyroid tumors were not grossly
observed except for female rat $#831 which had
thyroid carcinoma.

Time-to-Tumor Data of Animals/Moribund Sactifice

and Died on Study/Sprague-Dawlev Female Thyroid 1umors

Group I ~ Controls

Anim3l Number Tumors Days Weeks
225 Adenona 702 100.3
229 Adenoma 629 89.9
234 Adenoma 699 100.
Group II - Low=-Dose
Animal Number Tumors ~ Days Weeks
443 Adenona 703 100.4
Group II1 - Mid-Dose
Animal Number Tumors Days Weéks
618 2denoma 748 106.9
638 Adenoma 605 86.4
641 Carcinoma 677 96.7

~10~
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Group IV - High-Dose

Animal Number Tumors  Days Weeks

803 Adencma | 689 98.4
820 Carcinoma = 751 107.3
822 ~Adenoma 751 107.3
831 Carclnoma“ 20778 111.1
834 - Carcinoma - 734 104.9
835 Carcxnoma~ . 652 93.1

- The following table presents the on/Dynamlcs ;
thyroid C-cell tumor historical control data on
- female Chanles River alblno (CD) rats.

on/Dynamxcs Thx;o1d C-Cell Tumor Historical Control Data:

~ Female Charles R1ver Albino (CD) (Sgrague-nawley Rats)

mal _Bearxng Thytozd C—Cell
Sactif1ced Post 12 Months

Incidence (Petéehﬁ)# ;
Tumors All Animals

Adenoma 0

-

Study - Carcinoma . o AdenOﬁa‘ ' 4ACarcinoma
B o

Group A* 10/58 (17) 10/58 (17) 0/58 (0)

Group B 7/59 (12) 6/59 (10) 1759 (2)
c PR

Group A 5/59 (8) 5/59 (8) 0/59 (0)

Group B 6/85 (10)  6/58 (10) 0/58 (0)
i ,

Group A " 9/57°(16) - 6/57 (11) - 3757 (5)

Group B 6/55 ‘11) "5/55 (9) - 1/35 (2)
J

Group A 2/58 (3) 2/58 (3) 0/58 (0)

B

6/55 (0) . -0/55 (0) 0/55 (0)

Group
e 1/53;];f,f “7”1753 2 053 ()

It

*Studles tB, C, I, and'Jghad two control groups pe"study,
identified as Group A or B.g; S

The hxstorxcal control data from on/Dynamlcs,w:'“#“”
presented -above shows that the percent incidence
of carcinomas“ ariedzfrom 0 to 5 percent, whereas

oA, W WS
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the percent incidence of adenomas ot catclnomas'
varied from 0 to 17 percent. :

With respect to the Charles River Breed1ng S
Laboratories Data Base (Patricia Lang, 1985) ftom'm'
24-month studies conducted between 1977 and 1985
using Sprague-Dawley rats provided by Charles .
River Breeding Laboratories, the data consxsted
of 11 groups of control animals from various

laboratories.
No. No. . T
Location & Tumor Exam. Tumor Percent
Thyroid‘gland' 869 ’ . ,
C-cell adenoma 36 4.1 0 - 13.5
Medullary carcinoma 10 - 1.2 S0 - 440

It can be seen that the range of carcinomas is
from 0 to 4.0 percent, similar to Bio/Dynamics. @

Expanded Table of Thyroid Tumors in
~ - CD® Rats: 24 Months

Tumor

Follicular cell
adenoma

Follicular cell
carcinoma

C-cell adenoma

Medullary- carcxnoma

Carcinoma’, :
undifferent

Adenoma’, (NOS)

' Literature sources of C-cell thyroid tumors have
been researched and provide the following
information in Tables I through VI.

"A spontaneous incidence.of 22 percent C-cell
tumors ‘in Sprague—Dawley rats has been teported;
.as sﬁoun in Table I (Table 12.2, Page 1056).‘

Tables I and II present the 1nc1dence of C-cell
tumors in various strains of rats Erom publxshed
lxterature.

Group
A B C D E F G H 1
78 80 86 75 74 98 90 55 86
1 == 1 == == == == 1 ==
- emfem = e 2 = 5 4
1 1 1 4 3 8 == == --
-— == 2 3. 2 3 == == -
- - Ladd o - - - -— - 5 - -
1 == == == mm == 2 == -
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Table I: Tumors of Rat Strains Thyroid, Parafollicular Cell* -

‘ Average - o ’

Strain - : Incidence (%) (Months) Comments

Buffalo - 25 : >24  Increase with age
Fisher 22 " >24  Increase with age
Long-Evans 12 - 45 > 24 Increase with age
oM o ' 33 ‘ »,».~7>724'3‘ 'Increése withfégé;“
Sprague~Dawley , 22 . >.24 _  Increase with age
Wistar 19 - e >0 24 Increase with age

*ponvischke et al., Reference 1
Also, Tables I and 11 Show the spontaneous .
incidence of C-cell tumors in other strains of
ratse. Coor T '

Table II: Pathdldgy'bf Aging Rats* ' L

. Summary of the Incidence of Medullary Thyroid Carcinomas and
Metastases of Medullary Thyroid Carcinomas in Aging BN/Bi, WAG/Rij,
and (WAG x BN) F. Rats.*

1
No, with o e Age (in months) of
S .. Medullary - .Mean Age :_No, Medullary Rats with Metastatic

v Nos - Thyroid 7  (Range)  ~ Thyroid Carcinoma Medullary Thyroid
Strain Sex - "Examined - Carcinoma Percent In Months with Metastases Carcinomas
Bn/81 Female 236 15 6 33 (17-38) 2 35, 38

Male 74 7 9 27 (15-34) : 0
WAG/Rij Female 101 47 47 35 (26-46) 5 35 (32-39)

Male 124 41 33 23 (9-29). i 29
F1 Female 68 11 i6 31 (17-38) 3 25, 27, 28

Male - 67 20 29 34 (22-42) -3 28, 30, 38

*Burek (1978), Reference 2

Theée?:eferenCes'Show a high spontaneous?incidenée
of C-cell carcinomas in various strain of female
rats. B el o : R :
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Other specific literature sources revealed the
following information. Thompson .and Hunt (1963)
showed the following results‘ S e

Table ITI: Summa,r of Spontaneous Tumors Observed 0225
Reexamination of Serial Sections of Selected
Tissues from 177 (63 Hales, 114 Females) .
§ptague~bawley Pats S b o

“Number Of Tumors

Mo. of — Single |  Serial
Type of Tissue Organs | Section ! Section R
and Tumor Examined -|Male | Female [Male Fema1e~‘Aqe in Days
Thyroid 140 1 4. - 1124;wr¢af31ﬁ
lxght cell o b B DEEAC S P
adenoma - : H{; 1*5 ,;=

The following quote is taken from their 1963
publication and illustrates the increase 'in. :
- tumors founé by serial sectioning. "As depxcted -t
in Table 1, (Table 111, above) a total of 55
lightcell adenomas (24 males, 31 females) were
encountered upon re-examination of serial tissue
sections of 140 thyroid glands (54 males, 86
females). Only nine of these tumors (four males,
five females) were origimally observed in single
random tissue sections of the thyroid glands of
177 rats (63 males, 114 females). 'All the =~ =
nodules were of similar histologic structure,
being composed of epithelial cells with lepto-—
chromatic nuclei, surroumnded by a pale, slightly
eosinophilic cytoplasm. Mitotic figures were not
‘ nd the cells tended to be organized. into .
Follicles were not formed by the tumor
cells. However, small colloid filled. follicles
were frequently seen within the substance of -
these tumors, but were thought to represent normal
thyroid follicles which had become eﬂcompass&ﬂ as
the tumors enlarged. These nodules varied- im CRRCE
..size from a microscopic collection of :light-
- to.large’ nodules which almost‘ccmpletely,r@pl ced
“the ‘ thyroid gland. The snmalle odules were
lwaystobserved “in the centra :

“observed was 300 to 960 days wi
days._;~;~v : .
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"as benign or malignant b histOAng
are simply called adenomas." Ry

Hacxenzxe and Garner (1973) examxned six

Mackenzie and Garner (1973) presented ﬁhe
following information which shows the diffi

in assessing endocrine adenomas and carcin af

architectural change- it expanded and compreSSed
surrounding tissue noticeably. " Size of . tumor vas
not a criterion, if compressed tissue was -
demonstrable. Many tumors were microscopic and

found on a single random section of each . 3
No attempt was made to cut deeper int
available, on the chance that addition
neoplasms night be uncovered. - The criter
to diagnose malignancy was the: evidence
by invasion and/or metastasis. . As the
submitted was often inadequate to dem
invasion, those tumors morphblogidal[

considered mallgnant. Neoplasms of the
system, however, could not be classed: ‘accurate)
-and sthese

of rats and found the following results:

Table 1V: Sources of Rats

e , Number SR
Source and Identification of Rats - Remarks
: / 3 R e L T
Sprague-Dawley, 1Inc. 258 Colony originated in 1929.
{Spraque-~Dawley). Closed colonies, random
breed1nq.
charles River, Inc. 535 Original stock from; prag
{(Charles River - SD). Dawley, Inc. Selectzvely,
random bred. ;
%z.uzman, Inc. mna “ucleus stock €rom Sprague—‘
(¥sYtzman - SD). ~awiey in 1946. Closed
’ calony selectlvely andom
nrad.,
"ranlo Aninal &ahmratmrie@ i O wucleus stock ‘tam'ﬁ”

cuanlo-Snt,

.)

f%praquauaaw,
*:raan).;*“aiatai

Tinged cu!any,.a@
'aﬁdom Bred, o




.. —
-~ A_,.. /’
_ Table IV: - Sources of~Rats'(cont'd)‘
- : G . Number CEE R ey
Source and Identification of Rats ” Remarks
Locally bred ’ 131 Nucleus stock from Food and
{Osborne-Mendel). -~ . Drug Administration .. ..
‘ S Washington, NC.  Bred as
closed colony for 2 years
- for project.izﬁyv
Locally bred ‘ 673  Closed colony’ fot ‘over 30
{Oregon) . . . years. ' Random: breeding.\,ﬁ
- = Orlginal stock .of ‘unknown
or1gin. L : L

Table V: Tquts'ahd ofgahs~of Origin in 2082vR5E§ o£Mé> ources*

Charles

Sprague- Holtzman- River- = Diablo- Osborne- ,
Tumors Dawley sp .~ -.. 8D SD Mendel - Oregon Total
Number of Rats 258 268 535 217 131 613 2082
Thyroid:
Light-cell adenocma 15 ) 9 12 8 2 3 493
2 2

follicular cell
carcinoma
Ly V4 L

#macKenzie and Garner (1973}, Referenc:ek 7
Suzuk1 et ai. (1979) showed the following results'

Table VI: Inc1dence and Locatxon of Spontaneous Endocrxne
Tumors in Sprague-Dawley Rats 5urv1v1ng for nore s
Than 2 Years

Effective Mo. of Tumor— Thyroid
, ¥No. of , - ~Bearing C Medullary
Sex = . . Amimals oo cAnimals. . - aq13~Wq&Carcinoma
wale . a2 . 3sqmer . 33y
Female ; »-39,g~ EEE ERE vf‘za (72) © .o 19(89)

'Humbers zn garenthcses ;ndxcate percentaqe (l).

Suzukt et al.‘(l979) show a high incidence of:
-medullary thyroid.carcinomas . (49%7*
SPrague~naw1ej tats.‘ S
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will vary among- ‘pathologists. Indeed, when one. .col

"three classes becomes even more nebulous. Carcinona

D. References: , \

1. K. Benvischke, F.M. Garner, and T.C. Johés;zPATHOLOGYLOF 
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Consulting EPL pathologists, nr.‘"artxn G. Pobl and Dr.
William E. Ribelin, addressed the issue of the increased .
incidence of C-ce€ll carcinoma in high-dose female:rats. ..

In a Movember 9, 1982 letter from Dr. Ribelin to'nr.'oleson

of Monsanto, the following was stated:

"You recently asked me to send you a note regarding my :
interpretation of the s1gn1£1cance of the incidence of thyroxd o
cell (light cell) carcinomas in the high-dose level rats on the
Bio/dynamics study of Roundup.

"The segregation of thyroid, and many other organms,

proleeratxve lesions into hyperplasia, adenoma,:‘and.carcinoma .

siders  the .r:

is merely a‘surrogate for man then the distinction between .t
do

appear 1nstant1y but commence at stages when they ar
recognized only as hyperplasias, progress sonetime i
then occasionally proceed to adenocarcinomas. ° Thus,'
dealing with a carcinogenic phenomena one would ‘expect-also n
xncreasé i fC-cell hyperplaslas and adenomas in the“treated .

-17- e
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group. This is not the case here. The\percentage of
hyperplasias and adenomas is greater in the contre,
in the high dose level females. o

,gtoups in this study the follow1ng results:

Group e } 1 (Control)
Examined' ; 47
Hyperplasia =~ 19
_Adenoma s | s
i;Qaréincma R B |
Total : 25
Percent v - 53.2

’I fxnd these differences 1n51gn1f1cant and cannot ascribe
any treatment effect from this data.” R B ‘

In a Hovember 29, 1982 letter from Dr. Pobl to Dt. Oleson of
Monsanto, Dr. Robl states the following:

"This is in reply to your recent inquiry to EPL about ‘A
Lifetime Feeding Study of Glyphosate (Roundup® Tech
Rats,' Bio/dynamics Project Number M-6, 77-2062 da
1981, regarding- c-cell changes in the thyroi
confirms our telephone conversation of Novem

"I have reviewed the incidence of proleeratxve changes

regarding thyroid c-cell changes in rats on this stud When
evaluating proliferative changes in the endocrine sy of rats
for possible carcinogenic effects, the evaluation sho clude

the comparison of the incidence of all the proliferat nges -
1nc1uding hypetplasias, adenomas, and carcinomas.’ + there
is some difference in incidence of adenomas and carcinonas “among
some of the test groups in comparison to the control groups.
However, the overall combined incidence of all-the- praliferatlve
changes in “the treated groups of animals 15wquit i
1nc1dence’1n the control ‘groups.

‘”If a catc1nogenic effect was’ present, it
that there would be a dose-related change in all
proliferative changes. This was not evident:whe
of .all ‘the proliferative changes of the c-cell” as
The lung . is often one of the most common sites e
foc1 of c-cell tumors in the rat. Metastaticf .

-18~
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indication of malignancy in tumors. There: wereino metastatic
foci present in the lungs~of rats on this s A

"For reasons 1 have noted, it is my opinicn that there does
not appear to be a treatment-related effect;upon‘the P
proliferative changes in the thyroid c-cell:in this study._:“,

s

Dr. Kasza recommended that the thytoi, ides‘be reevaluated

by Dr. Capen, an EPA consultant pathologist.

Relative to the Capen review, Dr. Kas
following evaluation and conclusions; "Dr.
D.V.M., Ph.D.; Diplomate, American College SR e
Pathologists, has completed his- 1nvestiga ‘basically he
confirmed the diagnoses of the sponsor®'s pathologist; the =
_tabulated results of Dr. Capen's 1nvestxgati sh be

'H1stopathologxc Evaluation of “Thyro
From Female Sprague-Dawley (C/ ),

‘ Control
Thyroid Lesion*~ o {n = 47)
C-Cell Hyperplasia 19
(Nodular and/or Diffuse) (40%)
C~Cell Adenoma 5
(11%)
e C=Cell carcfnoma 1
e (2%)

(n =) Number of thyr01ds available for mlcroscopic evaluatxon.

*Diagnostic cr1ter1a used for thyroid L-cell 1e51ons are g1ven
below. : :

**One previously diagnosed C-cell carcxnoma (81-1168/603) was
interpreted to be a C-cell adenoma according.:to crlteria
below. i

***One prev1ously diagnosed C-cell adenoma 81 447/822)~was: ,
.interpreted” to be multinodular chief ce :

';parathyroid ‘gland; one C-cell carcinoma

interpreted to be a C-cell adenoma; one:
1454/824) was interpreted to be a C-cel’ >
adenoma (81-1231/828) was interpreted to be
according to criteria below.

”Ce¢§11ﬁ arcinoma

-19-
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"The follow1ng are diagnostic crxteria used for . the
interpretation of thyroid.C-cell lesxons An_ theptat.,‘-

*"1. C=(parafollicular) cell hyper las as A nodular and/or
diffuse increase of C-cells between tﬁyr01a folllcles .and/or
within the follicular basement membrane. The C-cells appear
normal with an abundant, lightly eosinophilic, ‘granular cytoplasm
and a round-to-oval nucleus with finely stippled chromatin. Cell
boundaries often are indistinct. Solid accumulations of C~cells
are less than the size of a collo1d-d1stended follicle. C-cells
embrane ma: compress

individual thyroid follicles.

Coma C—%Earéfollxcular) cell adenoma:
mass or nodule of C~cells larger than a, colloxd
follicle. . Adenomas are well-c1rcumscr1bed

; expans ive
-disgended thyro1d

'3. C-(g;rafollzcular) cell” carcxnoma
proliferation of C-cells with enlargement of one or: both” hyroxd
lobes. There is evidence of intrathyroid: nd/or capsul
invasion by the proleeratxng C-cells, often with ‘areasiof *
hemorrhage and necrosis within the neoplasm.,>The mallgnant C-
cells often are more pleomorphic (cuboidal, oval,. ‘spindle-shaped)
than with the benign proliferative 1es1ons d have indistinct’
boundaries of the llghtly eosinophilic cytc mic ‘area.” Mitotic
figures mdy be numerous in the more anaplastxc carcinomas.”

Dr. Kasza continued, "We concluded from his review that some
tumor diagnoses were changed mainly from malignant. to benign.
This indicated that the interpretation. offbenign -and malignant
neoplasms in the thyroid of rats sometimes karies accordlng ‘to
individual pathologists.

- 'Furthermore, a group of pathologlsts,red ntly 1n1tlated a
simplified method* to establish oncogenicit elated to
chemicals. Although this system has not*yet ecexved general
acceptance, many highly competent pathologist
‘This system advocates grouping of ‘neoplasms;
~incidence in final analysis. The" groupJ
place on the consideration of their . his og

g

Malignant Neoplasms As An Aid In Determining
" Carcinogenicity” (Attachment 8) discussed at
Toxicology Program, (NTP) Board of Scientific Counselors" .
Meetlng, Soptenber 23 and 24, 1982.

*Worklng Paper ‘entitled "Guidelines for Combx «
d

=20~




According to this recommendation the C-cellsadenomas.and C~cell
carcinomas in rats should be combined in order.to ‘establish
cncogenicity. This recommendation was based on findings in
Fisher 344 rats; however, we have no reason to believe that
diagnostic criteria would be any different for the' strain
(Sprague-Dawley) used in the glyphosate study. We agree with the
recommendation of NTP. 1In addition, we also consider .that the
differentiation between benxgn and malzgnantfc-cell tumors can
somewhat differ based on varying criterla of ‘individual
pathologists. e

tumors in order to evaluate the oncogenic po
.in this rat lifetime study. When the combin
compared there are no statistically signific
between control (6/47) and test groups (3/49

Based on all of the above informatxon)'TbxiCOIbgﬁ‘Branch
concluded that C<cell thyroid carc1nomas in hxgh-dose female rats
were not compound-related. C L T e e

Attachment

-2]1-
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DATA EVALUATION REPORT
STUDY TYPE: 83—3, teratolagy rat ' TOX. CHEM. NO.: 661A

ACCESSION ggnggg: J N/A ‘  b MRID No. 00026362 ”
TEST RHTﬂ. glyphosate, technlcal. 98.7 purity:
e ,L‘Lot XHJ-64.,wh1te powder
§YNONX§§ Roundup4 S e e
STUDY NUMBER (§1 ' IRDL No. 4b1—054

SPONSOR: Honsanto Co., st. LOUIS, MO

IESTING FAC;LIT : IRDL, Mattawan; M1

IITLE OF REPORT: Teratology Study in Rats

AUTHOR(s) : Dean E. Rodwell, Dlrector of Teratolegy

REPORT ISSUED March 21 1980
ﬂ‘Technlcal glyphosate was tested in a developmental 1
toxicity stud 1n,vats at the followlng dose levels: 0,7;00 10¢CQ
cr 3500 mg/kg bw/day.”
CONCILUSIONS: The developmental NOEL is 1000 mg/kg/day,
{nid-dose) . - The development LEL is 3500 mg/kg/day (high~dose) .
Although the - findlngs at 3500 mg/kg/day include more malforned
fetuses (10) than in the controls (3}, the number of litters with
—alformed fetuses was the same (3) for both groups. Therefore,
this was not’ con51dered an effect. The effects were an increase
in the number of litters and fetuses with unossified sternebrae,
and a decrease in fetal body'weight at the LEL.

The maternal NOEL IS’ 1oo"mg/kg/day. The maternal LEL was
3500 mg/kg/day and the eff were 28% decrease in body welght
gain, toxxc si ns, and six deaths.

. COre-guldel1nédv

Cla551f;cat;og.
Special ggv;ew’g;__gr; -ﬂ(4o‘crn 154.7) N/A
Testing Guideline Satisfied: :




podbtit

Review

1. A Teratology siﬁdy'in Rats
{(IRDC NO. 401’504' March 21, 1980)

Test mg;e;;gl glyphosate, technlcal, 98.7% purity;
: - Lot XHJ—64*\wh1te powder; source: Monsanto Co.

wwm was signed by Barry W. Benson on
3/20/80. This study was conducted prior to the publication of

the EPA GLP'S.

Animals: Apprcx1mately 14 week old Charles River COBS SD CD rats
(The Charles River Breeding Labs, Inc., Portage, Mlchlgan) were
used in this study. i 'Allirats were individually housed in a
controlled environmen nd fed Purina Rodent Laboratory Chow
#5001 and-tap water,gg, . One female Sprague-Dawley rat
was mated to one’ ‘male’ Sprague-Dawley rat. The day that mating
was detected (copulatory plug on vaginal sperm) was designated
day O of gestat1on-

Randomlzed group ‘of 25 mated Sprague—Dawley rats were dosed
. daily during days'6-1 f gestation at a constant volume of 10
ml/kg with 0O (control eshicle: 0.5% aqueous methocel), 300, 1000
or 3500 mg/kg BW of test material. Individual doses were
determined from 1ndlv1du;1 body weights on gestation day 6. No
rationale was given on: he selection of dose levels. The dosages
were prepared daily: as,a“suspens1on with a magnetic stirring bar
maintaining the suspension during dosing.

Methods:

1. Observations
Dams were observed daily for toxic sign, deaths,

moribundity. . Deceased -animals were necropsied.
Results:

There were no compound-related maternal effects at 300 and
1000 mg/kg/day. At the: hlgh-dose of 3500 mg/kg/day, all of the
dams (except three): uere ‘observed at least once to display
dlarrhea, soft stool, breathlng rattles, inactivity, and red
matter in-the- regxon of ‘nose, mouth, forelimbs, or dorsal head.
There were six deaths. "One each on gestation day 10 and 17 and
two each on gestatxon.day 11 and 12. The cause of death could
not be determined.

ion, maternal and fetal

observatlog§

Ind1v1dual maw ¢ (ody welghts were recorded cn gestatlon
days 0, 6, 9,712, 1 and 20. .

; 20 all,surv1v1ng females were sacrificed
and’ ‘the’ uteru \w nd,w91ghed. The locations of viable,
nonv1ab1e fetus’s, and late resorptions, and the total
number of ‘implantations and corpora lutea were counted. The:
abdom1na1 and viscera v1t1es of dams were examined for greoss

on gestatxo

D
<
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e
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lesions.

external malformations.

subsequent visceral examination by the Wilson method.

All fetuses‘

Each fetus was sexed.
fetuses from each litter were placed in Bouin's fixative for

oo 76 14

e“zndiv1dua11y weighed and examined for
One half of the

The other

half of the fetuses were fixed in alcohol, macerated in potassium
hydroxide and stained with Alizarin Red S by the Dawson methcod
for skeletal examlnation.

Results

Body weigh .'“fhefe were no compound-related effects in

' maternal body . weight at 300 and 1000 mg/kg/day.

At 3500

mg/kg/day, there: 'was a 28.5% decrease in body weight gainm during
the 0-20 day test! eriod,mprzmarily due to a body weight loss

during gestation days 6-9. -

These ra2sults are shown below-

Summarv of Gtogg Hean’uaternal Body Weights and Body Weight Change

Day of Control S O Technical Glyphosate __ mg/kg/éav) l
Gestation (o mg‘&g‘dav) 300 : . ' 1000 3500
g rouy Mean Haternal Bodvy Weights ]
Mean s.D D___ Mean S D. Mean S D
270 $22.8 | 274 | 315.9 | 261 316.8
297 %22.9 302 | w185 | 288 |s15.8 :
305 $23.7 307 s16.5 | 275 sog s,
12 318 $26.2 322 $17.7 | 299 2315
16 350 $32.6 152 321.3 | 226 2353
20 416 $47.0 516 322.1 | 373 2331
p Mean Maternal Body Weight Change (grams)
9o 6 | 27 - 295 - 23 : 27 .
5 to 9 8 - 8 - 5 - -13 -
2 to 12 | 13 - - 15 - 24 -
12 to 16 | 32 - - 30 - 27 -
ih to 20 | 66 - ) .57 - &4 - 47 -
y o 20 | 146 - am; - 142 . 112 .
S.D. - Standard Deviation
L - Not applicable ..-

fetal sex dlstrlhutlo
observed at 300
implantations pe
they were not dose related.

/kg/day, there were no toxicologically
mean ‘number of viable fetuses, late or
ostlmplantatxon 1oss, corpora lutea, the
~fetal body weight.
a in .viable fetuses/dam and total

ere not-consxdered compound-related since
At 3500 mg/kg/day, the following

The decreases




effects were noted: Statistically significant decreases :n
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viable fetuses/dam and total implantations/dam and mean feta.
body weight. These findimgs are shown below:

'ﬁ—rydmn‘\m“mmim‘ums«nm

_Technical Glypnosate (mg/kg/cav)

300 1880 2558
MO - % s.n.' MG X S$.0. No. * S.3. . b 5.2
Animat on - - ra - - r+] - 2%
Stucy: :
Animais 88.0 - 20 - 80.0 - 21 8.0 - 23 $2.3
that mere ,
gravid: 4
Animatls that | * o
died: .0 0.0 - 0 0.0 - 0 6.2 - s 24.0
Mongravid: -0 a.0 - (] 0.0 - 0 0.0 - 3 3.0
Gravid: o . 6.0 - ] 0.0 - b 0.0 - & ~00.0
Animals
examined at - .
Cesarean -~ e ’ o
Section: 25} 1008 | - 25 100.0 T 25 100.0 - 1% 76.0 -
Mongravid: | 3 | 120 | - 5 20.0 - 4 16.0 - 2 0.5 -
Gravid: 22 8s.0 - 20 80.0 - 21 | 8.0 - 17 /.5 |, -
Dams with o . T
resorptions e o e -
cnly: 0 0.0 - 0 0.0 - 4] 0.0 - 1 3.9 -
Jams «ith ;
Viasie 4
feruses: 22 100.0 - 20 100.0 - 21 100.0 - 1% .t -
Y12o0le :
fetuses/Dam: 14.4 - 21.26  11.9* - =6.36 164.3 - 22.08 11.3* - 2.2}
Post i
irplantation EEFRERE BT B i
Less/dam: 0.6 - ) - +0.52 0.5 - 0.3 1.2 - £1.22
Totat . £0.90 0.2
imgltantation
/2am: 15.0 - £1.11 12.1%* - 26,45 14.8 - 22.27 tZ.3% - 2.7
lzroora
Lutea/Dam: 15.9 - +1.67 15.2 - +3.30 16.1 - £1.81 4.8 - 1.5
Fevat sex
sistribution
- %ale: 159 50.3 - 119 50.2 - 168 56.0 - 7 &5.5 -
-Ffemate: 159 49.0 - 118 49.8 - 132 4.0 - o 2.5 -
Mean fetal )
560Gy weight 3.0 - 20.21 3.7 - 20.66 3.6 - +0.19 3.2~ - =3,
(grams): ’
*Significanely different from control group, mean p<0.0S.
i “Signific!-aﬂv different from control group, mean p<(.01.
: < -Stane 24 Jeviation
: - Not applicable
4 .
g
. €3ld
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3. Fetal Morphological observations

~ There were no malformations in <ne 300 and 1000 mg, kg day
groups. Three control litters (dam 319999, 20002 and 20016; and
three litters from the high-dose (dams 3 20083, 20091 and 20096;
had maiformed fetuses. Additionally, an increase in the numcer
of litters and fetuses with unossified sternebrae was observed at
3500 mg/kg/day. - Althouqh the same number of litters with the
malformed fetuses occurred in the control and high-dose group,
several tatuses with either the ancmaly classified as dwarfism or
bent tails ‘were found in single litters. As a result, there were
more malformed fetuses ‘in' the high-dose group (10 fetuses) than
.in the controls (3. fetuses).. Bent tail and dwarfism have
occurred in several fetuses in a single litter from TRDC
historical controls. These results are shown below.

SUMmMAary. tho'Incidcncc of Petal Malformations and
Devalcpmental and Gonotic Variations
, ot Control Technical
Gl osat 4
L (0 mg/kg/day) 300
1000 - 3500
No. of litters |- 10 21
examined: 32 i6
No. of fetuses .
examined . .. . : 237 300
externally'« | 316 196
No. of fetuses
examined 119 150
vicerally: 155 A 97
No. of'fétuses
examined . 118 iso0
skeletally: o1 161 99
S
Col15
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Mal formations
Cbserved

Fetuses .
S %

Litters

No.

2

Fetuses
No.

4

Litters
No.

%

Fetuses LtLitters
o, % Ho

-
-

Fetuses Litters
No. X No. X

% s vesicle
over posterier
fontenelle:

Brain Anomalily:

0.3

4.5

u-:rfiu’

15 T

6.3

0.3

4.5

Rid forked:

Tail threadiike
on anus: -

8.3,

4.5

Tailbent

5.3

IOTAL
MALFORMAT ION

fetuses with soft
tissue :
matformaticm

No %

Fetuses with
skeletal
malformations:

0.0

T0TAL fetuses
with
mai formations:

0.9

10 5.1

Litters with soft
tissue
mal formations:

2 12.3

Litters with
skeletal
mati formations:

4.5

2 12.3

Total Litters
with
matl formations:

13.6

3 18.9

W

D
e
(8
(i
(oo
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Oevelopmental and Genetic Fetuses Litters Fetuses Litters | Fetuses titters | Fetuses tLitters
Variations Observed Ho % m0 X% Mo. % Ko % %o z Ho %o X w0 %

27 presacral vertebrae ) 1 0.8 1 5.3 !
t6th rudisentary fib(s) 1 111 9 40.9 19 16.1 8 40.6 235 16.7 1% 50.7 13 13.1 8 56.6'
7th cervical rib: 1. 0.6 1 4.5 1 0.8 1 5.3

Hyoid unossified: 2 1.2 2 9.1 6 1.7 3 15.3

Reduced Ossification of

Skult: 1 0.6 1 4.5 2 1.7 2 105 1 0.7 1 4.8

Sternebrae #5 and/or #6 o - 7 59 5 63|17 13 8 381 |18 1.1 21 328 |
unossified: g N 13 8.1 8 34.4

Other Sternebrae . -

unossifieds: ’ 1 0.6 1 4.5 S 6.1 3 18.2
netrbesoph'ageal right ’ ' I
subclavian: - o 1 1.3 2 6.3
Renal papilla not

developed arnd/or distended o ’

ureter C 3 19 3 13.5 1 0.8 T 5.0} 4 2.7 3 14.3 '3 4.1 & 15.3

* p<0.05

The following table gives historical control data for

strain of rat in the same testing laboratory.

this particular




J
WAL S
r T IRDC WISTORICAL CONTROL DATA/
- - Charles River GBS D Rats
E ‘ Sumry of the Incidesce of Nalformstions and
) o ) of Developmental amdGenetic Variations
No. of litzers exauined : 526
ﬂ Total no. of fetuses examined externally: 69550
“ Total no. of fetuses examined skeletally: ’ 4351
“ Total no. of fetuses enamed vtscerauy. 2502
H Mal formatians W e No. ‘of Fetuses (Litters)
" Thread-like tail, small anus : 1 ¢
_Rib anomalies: e - ‘ % 3
ﬂ Anophthaimia or microphthalwiaz ) b (6)
Scoligsiss = T i : i 1
Mal formed mandibles LN e))
Bent tadl: 5 )
Multiple anomalies: 2
Fatal amasarca: - 1 ¢
Diaphragmtic hernia: ) 1 (1)
fused sternebrae: 1 D
Great vessel anomalies: ) 1 (N
Dwarf ism: 5 (1)
Tympanic ring malfommed or absent: 3 )
Total no. of feﬁ:séé Clitters) with malformations: 38 (27>
Variatiams - Developmental and Genetic Observed
ver tebwas : 31_@2n
25 presacral vetebraes ' 2 @
12 full pair of ribs with 13th ndlmentary rib(s) or
13th unilateral full rib: . 7 (73
1oth rugimentary ribes): 796 (306)
lath full_rib(s) s 1312
7th cerwical rib(s) 3 N
Extra ossificatfon distal to l4th rib: 1 N
Scapula wariation:z ‘' - . 1 (N
Sternebrae misal‘ivé'nad'-T "' ) § ) 3 (3 i
Sternebrae ﬁS andlor “ unosstﬁed 550 - £249)
Other sternebrae u'nsslﬂed
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"anatmns - Denloguental and Genetic Observed (cont'd) %o. of Fetuses (Litters)
__Wyoid unossified: - 48 (31)
Vertebrae rednced in ossification: 5 (5)
neiac.rp.ls”ar“-.z.:.;s.(s unossi fied: 1 (M
Enttre skelcton reduced in ossification: 1 (D
Re:ul paptllae not developed and/or distended ureter: 53 (46)
Pubis unossified: 2 (@

b Includes two fetuses that were sent to histology and were not
included in the number of fetus examined skeletally or viscerally.

stTifféTiCAi’ANALYSIS

:All statisti=al analyses compared the treatment groups to
: the control qroup wlth the level of significance at p<0.05.

The male to female fetal sex distribution amnd the number of S

lltters with malformations were compared using the Chi-square B

- test criterion with Yates®' correction for 2 x 2 contingency E
tables :and/or Fisher's exact probability test as described by
51ege1 to judge significance of differences.

The mean number of viable fetuses, total implantatons, -
corpora lutea and mean fetal body weights were compared by
analysis of variance (one-way classification), Bartlett's test
for. homogenlty of variances and the appropriate t-test (for equal
or unequa ariances) as described by Steel and Torrie using
Dunnett’ ultlple comparison tables to judge sxgnlflcance of
differen

DISCUSSION: . ' 4

1. Maternal Toxicity: decrease in body weight gain, toxic SLgns
and death.

2. Developmental Toxicity: decreases in fetal bedy weight,
increase in the number of litters and fetuses with unossified
sternebrae, decreases in viable fetuses/dam and decreases in o]
total implantations/dam. E

Study Qegigiencies: No major deficiencies.

; Clasgiﬁ;cgt;on. Core Guideline Data
.Maternal NOEL = 1000 mg/kg/day
,Maternal LOEL = 3500 mg/kg/day
Developmental Toxicity NOEL = 1000 mg/kg/day
Developmental Toxicity LOEL = 3500 mg/kg/day.

(e}
<
L)
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DATA EVALUATION REPORT

Study Type: #3-3 - Teratology - Rabbit TOX Chem. No.: 661A
Accession MNo.: N/A MRID MNo.: 00046363

. Test Material: Giyphosate, Technical; 98.7% Purity; White
’ L Powder; Lot XHJ-64

Synonyms: Roundup
Study No.: IRDC No. 401-056

Sgonsor:  Monsanto Company, St. Louis, MO -

Testing Facility:, IRDC, Mattawan, MT

Title of Repdtt: Teratology Study in Rabbits.

Author: Dean E. Rodwell, M.S., Director of Teratology

Report Issued: February 29, 1980

Conclusions:

Glyphosate was tested in a developmental toxicity study in
rabbits in which the animals received bv gavage dosages of 0, 75,
175, and 350 mg/kg/day during days 6 to 27 of gestation.

The developmental toxicity “NOFL was 350 mg/kg/day (HDT).
The maternal toxicity NOEL was 175 mg/kg/day (mid-dose). The LEL
was 350 mg/kg/day (HDT) and the effects were increased incidences
of soft stool, diarrhea, nasal discharge, and death (10 does died
on day 21). ,

Classificaticn: Core-Minimum

.~ Special Review.Criteria (40 CFR 154.7): M/A

. Testing Guideline Satisfied: 83-3 (Rabbit)

LR
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A Teratology Study in Pabbits (IRDC MNo. 401-056;
February 29, 198C).

- Test Material - Glyphosate, Technical; 98.7% purity:
Lot Mo. XHJ-64; White Powder; Source: Monsanto Company.

A Quality Assurance Statement was signed by Barry W.
Benson on February 21, 1980.

: Animals - Virgin female Dutch Belted rabbits were purchased
«Erom Longshaw Farms, Augusta, chh1gan at age 7 months. The
animals were individually caged in controlled enviromment and
: recelved Purina Rabbit Chow Checkers 5301 and tap water ad 11b1tum.-

The female rabbits were art1£1c1a1‘y 1nsen1nated from semen
from  four proven male rabbit donors. Semen from one male was
used to inseminate an equal number or femailes in each group. The
day of insemination was designated as da- 0 of gestation. The
‘semen had been collected using an artificizl vagina, evaluated
for motility, and diluted with 0.9% sod:cum chloride solution prior
to introduction into the anterior vagina of the female using an
insemination pipette. Immediately after insemination, ovulation
was induced by an injection of 100 units of chorionic .
gonadotropin into each fenmale.

Methods:

Randomized groups of 16 rabbits were inseminated. Following
insemination, single oral daily doses of test material were admini-
stered by gavage during days 6 to 27 of gestation at dosages of 0
(control: 0.5% aqueous methocel), 75, 175, and 350 :~~/kg/day. A
constant volume of 1 mL/kg was administered. No rationale for
dose selection was given. The test article was suspended in
vehicle daily. A magnetic stir bar and plate were used during
administration to keep the material in suspension.

The does were observed daily for toxic’ty and mortality.
Maternal body weights were determined on gestation days 0, 6, 12,
18, 24, and 28. Food consumption was not measudyred.

». . On gestation day 28, all surviving fenales were sacrificed.
’Does ‘not surviving to the scheduled sacrifice were necropsied in
?anuattempt to determine the cause of death. The uterus was
amihed, weighed, and the fetuses were removed. The number and
,-_ocatxon of viable fetuses, early and late resorptions,-and the
"total number of implantations and corpora lutea were counted.
The .abdominal and thoracic cavities and viscera of the does were
xam1ned ‘for gross lesions. ~ ; D

')
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: All fetuses were individually weighed and examined for
<.external malformations. Each fetus was dissected, internally
“sexed; and examined for visceral malformations, including the
brain by a mid-coronal slice. The heart was dissected by Staples
method. The eviscerated, skinned fetuses were fixed in alcohol,
macerated in KOH, and stained with Alizarin Red S by the Dawson
method for skeletal examination.

Statistical Analysis:

; All statistical analyses compared the treatment groups to
the control group, with a level of significance at p < 0.05.

The male to female fetal sex distribution and the number of
litters with malformations were compared using the Chi-square test
.~criterion with Yates® correction for 2 x 2 contingency tables
"and/or Fisher's exact probability test as described by Siegel to
judge significance of differences. :

The number of early and late resorptions and postimplantation
loss were compared by the Mann-Whitney U~-test as described by
Siegal and Weil to judge significance of differences. .

The mean number of viable fetuses, total implantations,
corpora lutea and mean fetal body weights were compared by analysis
of variance (one-way classification), Bartlett'’s test for homo-
geneity of variances and the appropriate t-test (for equal or
unequal variances) as described by Steel and Torrie using Dunnett's
multiple comparison tables to judge significance of differences.

NQuality Assurance:

) “ A sinned guality assurance statement was provided. This
study was conducted prior to the publication of the EPA GLP's.
Mo GLP statement was provided.

Results:

1. Maternal Toxicity and Mortality - Soft stool or diarrhea
was noted in all groups with a slight increase at 175
mg/kg/day and at least once in each rabbit of the 350
mg/kg/day group. A definite increase in nasal discharge
was also noted in the 350 ma/kg/day group.

As stated in the report:

"Two rabbits in the control group aborted and were
sacrificed, both on gestation day 22. One rabbit in the
75 mg/kg/day dosage group died on gestation day 26. 1In
the 175 mg/kg/day dosage group, one rabbit aborted and
was sacrificed on gestation day 27 and two rabbits died,
one each on gestation days 22 and 25. One rabbit in the

AJ‘”?‘;,iylﬁﬁlfw



 ‘rabb1t in this group died on gestation day 3. am"the
- "A cause of death was determined at necropsy for five

Dam No. (mg/kg/day) Death attributed to: =

350 mg/kg/day dosage group aborted and was sactlficed on
gestation day 23 and 10 died by gestation day 21. " One

same day, a replacement female was selected and
artificially inseminated.
rabbits only as indicated below:

Dosage Level -

2243 75 pneumonia :

2267 ‘ 175 , gastroenterltns
2286 350 enteritis

2278 350 resp1ratory dnsease
2380 350 gasroenteritis and

- caecal ulcerations

"Causes of death for the other elght rabbits could not
be determined at necropsy.”

Maternal Body Weight - There were no toxlcologncally S
significant differences in mean body weight am@mg -
control and treated groups as shown below:

Summary of Group Mean Maternal Body Weights and Body Weight Cfrange

Control Technical Glyphosate (mg/kg/day)
(0 mg/kg/day) 75 175 : 350 -
Day of Gestation Group Mean Maternal Body Weights (qzaﬁs)
N Mean SeDs Mean S.D. Mean S.De. Meam . S D -

c
3
12
18
24
28

Days of Gestation

2958  +146.6 2876 +176.3 2983  +157.5 2833
2988  *177.5 2937 $187.0 3012  +206.9. .
3039 +165.6 2986  +191.5 3029  +216.1

3072 +166.4 3002 +213.4 2959  +276.6 2827
3038 +182.3 3005  #219.9 2914  #321.2 2999
3030 #231.7 3008  #142.7 2958 . +307.5 2948

30 -
51 -
33 -
-34 -
-8 -
72 -
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Cesarean Section Data - There were no toxicclogically
significant difterences between control and treated
groups for the parameters evaluated. The summarized
data are shown below:

Sedmsy ol Socnqy Moen Rsselest wad Peseol same ot . Soe ¢ Sui i - .
’ ——tems e .. Testmtast sigpeesms fmiefder? | ...
- n o
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Splanie oo 20 wiv- 1e - - » - - e - - 1] - -
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antauts shes Oteds ® o8 [ ] [ % - 3 13.% - 0 .8 -
e T e T oiee - ? e - ' we -
Astanio shes sameseds : 1 - . es - s 1 - ' .3 -

. tans o0 seasions " [T Y - 3% "ne - 'S T TY% S . ».3 -
Segeaetss 3 e 3 L] [ 2 - 3 1%.0 - [ ] 8.0 -
tpoedl. a2 8. . 3 ”.0 - as “.s - [ 1a0.8 -

Piebleo fetwen/dan) » 3 - 3.3 3.4 - sp88 .8 - 8317 .3 - 23.39
Soes tapiacsatins tese/tams [ ] - 10 99 [ Y - 88 .3 - o8.40 .8 - .33
" Tesed laplenssssanc/dun. [} - T ] e - s8.88 LN - 5304 .2 - 2.9
Covpuso Badoc/oums (N ] - 22.33 | L] - us 04 .3 - ab.e3 .3 ) - ".e .
T e e T e B ome - nous o n s - noBa o
mpan fetol Buip woight igrammds A1 Y - -2 27 . -  as.43 3.9 - ehl ».3 - 0.88
esoroduc 034
Resorphrons [l 50 - a5t i -~ 1. o - B2
? . - 0.3 o, D. .
N EGriy % _ .
. Lode 6,3 = .45 o.1 — 9.3i 61 — 10.30 0,3 -~ O_?"f
A .
lonviable fetuses were not przsent in any group.
The statistically significant increase in viable
fetuses/dam at 75 ma/kg/day in comparison to control
(7.6 at 75 ma/kg vs. 5.3 in control) was not considered
toxicolecgically significant since it was not dose-related.
The slightly decreased mean fetal body weight in all
treated qgroups in comparison to the concurrent control
was not considered toxicologically significant, since
the historical contrcl £fetal body weight (30.9 grams for
160 fetuses) was comparable to the mean body weight in
the treated groups.
4. Fetal Morphological Data - There wers2 no compound-

related malformations in fatuses frcm litters of treated
rabbits in comparison tc controls. Although there were
no nmalformations in the contronls, the malformations
which were observed in the tresatment groups did not
noccur in a dose-related pattern, wer2 not similar in
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Additionally, the incidences of percent litter and fetal
variaticns were comparable between control and treated
groups. S

The following table gives hiétofiéalvédﬁtrol data from
the same laboratory (dates not given).

INTERNATIONAL RESEARCH AND DEVELOPMENT COORPORATION
HISTORICAL CONTROL DUTCH BELTED’RABBITS

Summary of the Incidence of Malformations and
of Developmental and Genetic Variations s

Number of litter examined: EER A,nﬁ'a, ] 23
Total number of fetuses examined extetnally~ 161
Total number of fetuses examined skeletally: . =~ - - 161
Total number of fetuses examined for soft tissue- e 161

Numver of Fetéses
(No. of Litters)

Malformations Observed _ : .

Scoliosis with or without associated rib 1 (1)
anomalies: 1 (1)
Yertebral anomalies other than scoliosis: T (N
Additicnal ossification of the sternum: T (1)
Carpal and/or tarsal flexures: 1 (1)
.idney and/or ureter anomalies: 1 (1)
Hydracephaly: 1 (1)
Heart anomalies: 1 (1) 4
Spleen and pancreas absent, stomach on rlgh . i
sides: - 1. (1)
Total number of fetuses (no. of litters) with malformations. 6 (6)
Varlatlons-DeveLopmental and Genetic Observed
27 presacral vertebrae: L ‘ o144
13th rudimentary rib(s): o 6 (8)
13th full rib(s): , 13 (5)
Sternebrae #5 and/or #6 unossified: ' ' 9 (7)
Sternebrae misaligned with or without Euszan@ 2 (2)
Reduced ossification of the skull: e T (1)
Accessory skull bone(s): 1 (1)
4Misshapen, misaligned vertebral centra: 7 .0 e 2 (2)
Major vessel variations: ‘ S AT T 14 (7) -
Gallbladder variations: g ‘

2.(2) .




Discussion:

1. Maternal Toxicity: Maternal toxicity was evident at the
highest dose level. The effects included soft stool or
diarrhea, nasal discharge, and death.

2. Developmental Toxicity: There were no toxicologically
significant signs of developmental toxicity at any dose
level. , ;

Study Deficiencies

The major deficiency in this study is that 10 does died in
the high-dose group. Thus, only six survived to full term and
only six litters were examined. This decreases the confidence in -
the results. :

Core Classification: Core Minimum Data

Maternal MOEL

175 mg/kg/day

Maternal LOEL

350 mg/kg/day

Developmental Toxicity MNOEL = 350 mg/kg/day (HDT)
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DATA EVALUATION REPORT

Study Type: 22-4, Two-Generation TOX Chem. No.: 661A
Reproduction = Rat ‘

Accession Mo.: 245909 .. .. . HRID No.._ 00195995

Test Material: Glyphosate; tééﬁﬁical. 98 7% puc1ty. Lot No.
- XHI~64 R _ |

Sznén!ms: Roundup
Study Number: Bio/dynamics Projéct Né. 77-2063 (BDN-77-417)

Sgohsot: Hfonsanto Ccmpahy. St. . Louls. HO

Testing Facility: Bio/bynanics.iﬂast Hlllstone, NI

Title of Report: A Thtee-Géﬁeraplon Reproductlon S:Udy,Wich
Glyphosate 1in Rats..

Authors: Raymond Z. Schroder, Study Director; March 31, 1981

Report Issued: July 31, 1981

Conclusions: D ‘ P

Glyphosate was testa2d 1in a chree-—generar.lon reproduction stuay
in the rat at the folloflynyg dose levels: 0, 3, 10, and 30 mg/kg/
day. el AR

st s

The NOEL reproductive is 10 mg/kg/day. The reproductive LEL
is 30 mg/kg/day and the effect is increased incidence of focal
tubular dilation of the kidney (both unilateral-and “bilateral
combined) of male F weanlings (pups). The incidence of this
lesion in male pups was 2/10, 5/10, -3/10, and 8/10 "in the control,
low-, mid-, and high-dose groups,krespectxvely. There -were no
other treatment-related effects:on growth, fertility, gestation,
lactation indices, pup survival, pup body weight,. organ's
or nistopathology in adults .and pups up to - 30 mg/kg/day' HDT).
The systemic NOEL is 30 mg/Pg/bay.;h FEINES _ S

¥

C1a551£1catlon."Core—nlnlnum }¢: 7’“ TR AR s e ‘ :

Special Review Criteria (40 CFR"154.7): ﬂﬂ/A
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Review:

A Three-Generation Reproductioun Stugy Witn Glyphosate 1in
Rats (Bio/aynamics Project No. 77-2063 (BDN-77—417), July 31,
1981i).

Test Haterial - Techuical ulypno:acc, 98 7% purity; Lot No.
XliJ~64; white powder.

Aninals - Sprague-Uawley youny rats, age 28 days, were ootainec
from Charles River Breeding Laboratories, Inc., Wilmington, MA
u1dd7. The rats were 43 days oldad at study initiatioun. They were
indiviagually caged (except during mating and lactation) and receiveu
Purine Lau Chow #5001 ana tap water ad libitum. Hestinyg material -
hardwood shavings - was aaded to cages on Day 19 of gestation ana
chanyed when wet or soilea through Day 14 of lactation.

Methods:

1. Matiny - One male and two fenales of eguivalent avuse
levels were caged together nightly until a sign of
matinyg (sperm anu/or coupulation pldg in the vagina) was
ovserved or until 15 days had elapsed with no evidence
ot matinyg. Care was taken during matings of F, anu F
generations to avoid brother-sister mating. ﬁe day ©On

walcn evigence ot mating was LISELVEd Was aefiney as
Cay 0 of gestation.

2. Experinental QOutline

No. of Adults

Initially Adults-—offspting"
Dose Level assigned to Mate No. of Matings Gross Post- Histopatholoyys

Grouw tmg/kg/day )} (F ., F‘l' F ) Per Generation nortem (F ,F_, F., ¥_ )

Males Females (F], F1, Fz_)_ ;xamination Males - Fe:ﬁes
I (o] 12 24 2 211 1 T
Iz 3 12 24 2 All . - -
Iz 1Q 12 24 2 "All - . -
iv 30- 12 24 2 All 10 T

sy s s s e
RGeS mA T
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3. A schematic aiagram of the reproductxon study 1is shown

below:

Schematic Diagram
3-Generation Reproduction Study

Necropsy F_ adalts at

FO' Growth Mating Mating weaning of Ftb pups*®
i | '

|

| |

|

F_* Growth Mating !hﬂng_ Nocropsy‘F aduits

Nocﬂ;gsy Unselected | } at weaning of F
ar sups - | | | pups*e ®
weaning necropsy | ! ’ -
at weaning | |
| I e
. £, F_»' Growth Mating “~Mating
Nocrogsy Unselocted I } ’
at pups~ S
weaning mecropsy . |
at weaning : B |
(R
F
Necrggsy 3
at weaning

Necropsy F
adults at weaning
FSb pups"

“Hecropsy at weaning

Tissues praserved -

710 males/10 fesalas

from each group
hristopatnoiasgy on
IQ males/ 1) females
from contral and
high-dose group

*All parental jroup contained 12 males and 24 females at the start of the growth period.

**Histcpatnology on 10 maie/i3 female contro! and high~dose group parents,

4. Tne test substance {.ilyphosate) ‘was added 1n tne basal
diet, based or we=rly; neasurements of body weight ana
food consumption, to acnieve oxetary 1levels of 3, 10,
and 30 mg/kg/day. The control rats received basal diet
only. Assays for stavility, nomogeneity, and concentration

were acceptable.

5. Body welghts ana food »ons mpb;on"were measureu auring

the growth period (63 days G
15, ana 20 of yestation, and: Days  (
lactation. Anlmals were‘ '
and nortdlxtj. e

5. szsues listea below were Laken ftom"

l'

11 parents (F
F,) and from lﬂlsex/gtoup (chosen, andomly) ‘of - ghe

F. w€anlings. All tlsSues wete preaerved An: 10 percent

T T i i ctioiaiot - i3 AL B, B8 o e SRR LUSNE R~ R S 2 = 12
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neutral buffered formalin. (Eyes anc testes were placed
initially in Bouin's solution.) '

Tissues Preserved:

Bdrenal {(2) HMammary gland
Aorta (right inguinal)
Bone and bone marrow Pancreas
(stermal) Pituitary
3rain (2 longtitudinal Salivary gland
sections .. .. Skeletal muscle (biceps
Eye (2) with optic femoris with right
nerve and Harderian sciatic nerve)
gland Skin : ‘
Gonads : ... 8Spinal cord (cervical and
Heart : Lo e lumbar) -5 o
Intestine : Spleen
colon ' Stomach
duodenum Thyroid and Pararhyroid
ileum : : (atrached to crachea
Kidney (2) : and ‘esophagus)
Liver {2 sections) Urinary. bladder -
Lung (section with mainstem Uterus/prostate
bronchni) Grouss lesions
Lymph nodes (mesenteric) Tissue masses
Thymus

7. Qrgans Weighed -~ The following organs were weighed fronm
all paremnts sacrificed after weaning of the sec-1d
litters and from 80 F weanlings (10 males and 10
females per group) wiég tissues preserved.

Adrenals Spleen
Gonads Liver
Kiameys Heart
Brain Pituitary

3. Histology and Histopathology - Section of all tissues
listed above (Tissues Preserved) were prepared and
examined microscopically from 10 nmale and 10 female
animals from control and high—dose groups of the
followings

Parents: F,, F., and F,.

Of€spring: OF’ 1 2
- 3b : ‘

Any tissue masses observed in’any~animéls,were‘also

examined. o ;

WYELGRy Tty A T e
e R



9.

Results:

A.

o009 14

Statistical Analysis - Litter examination data, jrowta
and rest period body weight ana food consumption data,
ana maternal body weight (gestation anc lactation) data
were compared to the control. Statistically significant
di1fferences from control are inuicated in mean tables
and appendices and were siganificant at p < 0.05.
Statistical methods used -1n the study are attached.

Bogy Weight and Food Consumption
Parental Animals (F,), (F;), ang (F,)

Mean bouy weights of parental "amimals during the gyrowth,
rest, gestation, and lactation periods were comparable
between control and treated yroups for each generat:ion
throughout the study. o o

There were no compourig-relatea effects on parental vody
weight data. Similarly mean food consumption data were
considered comnparaple petween control ana treated yroups.
of both sexes during the growth, rest, gestation, ana .
tactation perilods for each generation.

~ Ny
‘;\.\,3
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B. Mating, Pregnancy, and Fertility Indices

Fy_Generation

Mortality, Mating, Pregnancy, and Fertility Rates

Mati — : :
. a ‘ ng o Pregnancy Fertility
Total Mortality Females = Males e Females Males
Group Number Exposed Females Males ~Mated /Total Mated /Total gnanfllg; Mated Impregnating /No, Mated
mg/kg/day Females Males No, Dead $ No, Dead % No, 3 No, ) 2 No. 3 Noo 2

Fo Mating (for ,Fla gmorffipﬂl R

! 23 12 Q 0.0 o 0.0 20/24 83.3 /12 -91.7 . 19/20 95.0 [ RVAY) 100.0

0 ) o

i 24 12 0 0.0 0 Q0.0 22724 91,7  12/12 ioo.o 222 95.5 12712 102.0
.3 )

i 2 12 1 4,2 0 0.0 19/24* 79,2 10/12 83.3 16%/19 84,2 9/10 90,0

10 ) )

1y T 248 12 Q 0.0 e 0.0 21724 87,5 11712 91,7  19/2% 90,5 /n . 100.0

30

F0 Mating (for Flb generation)

1 24 12 o] 0,0 Q 0.0 20/24 83,3 11/12 91,7 19/20 95.0 n/n 100,0

9 ) 7

' 24 12 2 0.0 0 0.0 23/24 95.8 12/12 100,0 19/23 32.6 12712 100,.0

3 : .

11 24 12 1 4,3 0 Q0.0 17/23% 73,9 11712 91,7 12%/17 70,6 W/ 30,9

10

i 24 12 Q 0.0 [ 0.0 22/24 ; 91.7 11712 91,7 18/22 81.8 10/114 93.9

30

There were no dose-relatea effects in fenale mating or
pregnancy ratios in the F: a and’ F b° generatlons,
although the female mating ana pr gnancy ratios at 10
mg/kg/day were lower than control:values. 'The findings,
however, were not dose-related ana,are not compound-
related. :




F, Generation

—

Mortal ity, Meting, Pregnamcy, and Fertil ity Rates

s Mating ' ... Pregnancy Fertility
Total Mortality - Females Ml Qs Femal es Males ’
Group  Number Exposed _Females _ Males Mated /Total Mated /Total Pregnant Mo. Mated Impregnating Mo. Mated
mg/kq/day Females Males No. Dead § No. Dead % No, 2 No. {£ No. 3 No. g

F nafmg (for Fa gcncrzhom

i 24 12 o 00 o 0.0 |3/_2¢ 750 “10n12 853 1818 100.0 10/10

0
" 24 12 0 00 0 0.0 25/249%.8 12/12100.0 - 20/23  87.0 112 91.7
5 5 . ) '»4; .,‘:‘w“," . -
i 24 12 0 0.0 0 0.0 18/287.0. 9I2.75.0 1718 H.4 93 ~100,0
tv 23 12 1 42 0 0.0 19/23 8.6 11/32 91.7 .18/19 . 94.7 10711 0.9
30 e '
F' Mafmg {for F2b generation)

| 24 12 0 0.0 0 0.0 1724708 912 75.C 1517  88.2 9/9 100.3
0 RN

" 24 12 0 0.0 0 0.0 19/2475.2 10/32 8.3/ 1519 739 9/10 .2
3

i 24 12 0 0.0 0 0.0 17/24 .8 10/12 85.3 14/17 82.4 10/10 00,0
19 :

v 2 12 143 0 0.0 19/25 8.6 12/12100.0 14/19  75.9 10/12 .3
50 , ST

oy
e .
e
(]
[F24
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2 Generatxcn -
. ’ uorm H’y, uafmg, Pr.gnancy. and Forhl H’y Rates
Mahng ‘ Pregnancy Fertility .
Total Moﬁalifya — Femgles : lblcs B Females Ml es
Group Number Exposed Fomales Males Mated /l'cfal Mated /Total Pngnam'/ﬂo. Mated Impragmating MNo. Mated
mg/kq/day Femsles Males No. Dead § No. Dead % No, - = % 5iti No, it § No. .3 No, 4
F2 uafmg (for ‘F Agoncra‘r on)
| 24 12 0 0.0 o 00 26/24100.0 22 100.0 3/ 958 12712 100.0
0 ' :
i 24 12 1 42 0 . 00 zo/z;,ﬁ,gs'.': 1002 16710 1000
T 28 12 0 0.0 0 0.0 20/28 &.3 10/12 ' 8.3 16/20 8.0 ano .0
10 : ‘ o
v 28 12 0 0.0 0 0.0 18/24 75.0°10/12 8.3 17/18 4.4 10710 100.0
50 e Lal .
F i > - generatior
2 Mating ( for F’)b generation)
i 24 12 0 00 O 0.0 23/24 95.8 12/12 100.0 22/25 95.7 11712 31.7
0 R
" 3 12 0 0.0 0 0.0 1925 ®.6 1012 .3 16/19 8.2 19112 85.3
3
¥ 24 1 0 0.0 1 8.3 20/24 8.3 10/11 9.9 16/20 9.0 %10 0.0
10 ’
v 24 12 0 0.0 0 0.0 21/28 8.5 11212 91,7 1921 0.5 13711 %.9
30 » '
*53 < 0.05

Over the three generati ;
effects: :0~ind1cate a lated effect on mating, |
cengor ‘either sex. The

in . -the hxgh-dose

:from a mating index
son to 95.8 percent
in_contro tig ] rates of the F,

generatlo re-un ed. r ent.  Also, the
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and li’é females were mmparable '

mating indices of tne F@
group

between cont:rcl ancl tes

C. Gestation Len gt:n. Off_s_pnng Vzabxlxl:y. Survzval. and
Growth (Body Weight) ‘ ,
Fy_Generation

Haan

Gesta- Mean’  Postaatal

tion Mo, Pups ; Otfspring Survival Lo
Group  Length at Birth o : : [+ o St £4-23

my/kg/day  Days  Liwe Dead Total _ No. . % Days: MNo, % __WNo. %
' 22,1 1.5 0.1 11.6 218/220 9.1 10.7 . 210/218 96.3 192/195° 98.5 19719
0 : L T T e
" 21,8 12.8 0.1 12.9 268/271 38.9 ~ 12.4 2517268 95.7 247/251 98.4  20/21 5.8 9.3 37,
5 : g - o . N
i 21,8 12,3 0.3 12.5 196/200 98.0  11.9 194/196 99.0 I92/19€ 9.0 16/16 100.0 5.9 9.2 39.
i0 R AT : v
v 21.8 11.6 0.1 11,7 221/222 99.5  11.3 217221 98,7 215/217 99.1 _100.8 -
F -
07 s

i 22.0 1.7 0.2 11,9 223,226 98,7 113 2187225 97.8 .215/218.98.6 . 19719 100.0 6.1 9.9 40,
¥ 21.8 12.2 0.6 12.8 232/243 95.5  11.4 223/232 9.1 206/223 92.4%* 18/19  %.7
3
Vi 22.0 - 12.8 0.3 13.1 18/157 91.5. 1207145 8% 112 o7 5.8 9.0
10 = 4 FLT R tel 28 5
(v 21,9 12.6 0.3 12.8 226/231 97.8
0 LTI

Significantly different

T

from confrb! i 'p<ﬁ.05:



Fl Generation

—

o096 14

. ‘Pup
Viability
Index Heam
Maan at HMean Weights of
Gesta- “ean Birth No. Pups Postnatal index of Live
tion Ne. Pups Live/ Weaned/ Offspring Survival Litters Of fspriimg
Group Length at Birth Total Born Litter 0-4 4-21 Weaned (grams )
my/kq/day Days Live Dead Total Mo, Days: No. ] No. £ No. % Days: 0 & 21
F‘ -> F2a
1 21.9 12,6 0.2 12.2 216/219 98.6 11.7 20%/216 93,1 ' 199/201 99,0 17/18 94,4 5.8 9.1 410
2
11 21.8 11,8 0.0 11,8 236/236 100.0 11.6 2317236 97.9% 231/231 100.0 20/20 100.0 6.0 9.7 43.{
3
1l 21.9 12.7 0.0 12.7 216/216 100,0 12.4 214/216 99, 1%% 211/214 98,6 17/17 100,0 6.09, ¢t 3.7
10
iV 22.0 11.5 0.4 11,9 2067/214 %*.7 11.1 2067207 99,5%* 200/205 97.1 13/18 10,0 6.29.84 403
30
F_->F
177 2
’
f 21.9 12,4 2.4 12,8 186/192 96.9 1.9 1787386 95.7 178/178 180.0 15/15 160.0 2.9 9.4 41,1 i
5 7
11 21,9 12.5 0.4 12.9 187/193 96,9 12.7 1667187 84.8" 165/166 99,4 13/15 86.7 5.7 9.2 ll.lk'
3 :
i 22.1 13,1 0.2 13.4 184/187 98.4 12,7 1817184 98,4 178/181 98.3 14/14 100,0 5.8 9.5481.3 .
10 S
1Y 22,1 1.3 0.3 11,6 147/151 97_4 1.1 1447147 98,0 144/144 10C,0 13/13 100.0 6.4 10.3 41,3
30 ’ i
Significantly diffaerent “rom control: *p < 0.05; **p < 0,01
-10~
~. N [
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F,_Generation
Pup _
Viability
index Yeam
Mean 3t Hezn Weights of
Gasta- Hean . Birth No. Pups , Postnatal Index of Live
+ion No. Pups Live/ Weamed/ , Offspring Surviwal Litters Offsprimg~
Group Length at Birth Total Born Littrer 0-4 e 4 Weaned (qrams)
mg/kg/day _Days tive Dead Total No. 2 Days: No. 4 No. % No. 4 Days: 0 & 21
Fl -> Fb
{ 21,9 1.7 0.2 11.9 268/273 98.2  TI.D 266/268 99.3 2%4/266 95,5 23/23100.0 6.9 9.5 37.1
3 . R y
1 22,0 1.1 0.9 12.0 222/240 92.5** Q.6 219/222 98.6 100/219 86.6% 18/19 %4.7  6.% 9.& 35,3
3
1i 21.9 2.6 0.1 12.8 202/204 99.0 11.8 202/202 100.0 188/202 95.1 16/16 100,0 6.0 9.5 37,32
10
1V 2,9 11,8 0,3 12.%1 2007205 97.6 .0 198/200 99.0 187/198 94.4 i?l‘l‘l!O0.0 6.3 9,3 %57
30
F > F
1 pide]
H 21.9 11,2 0.2 11.5 247/252 98.0 L3 2417237 97.6 257728 98,3 ZfIZZ 95.5 5.3 3.8 3.
d ’ S '
1 21,9 12,3 0.4 12.7 197/205 37.0 1Z.7 192/197 97.5 131/192 99.5 15/16 93.8 5.8 9.0 23.£
3
i1l 22.1 13,0 0.1 13,1 208/210 98.0 12.% 202/208 97.1 198/2@ 98,0 16716 100,0 6.1 9.5 23,3
10
T 21.9 9.8 0.5 10,4 187/197 94.9 =3 185/187 97,9 178185 97.3 13719 9.7 6.3 8.1 28.©
30 ) )

Significantiy diffgreﬂ} fron{cdr;‘frol: < 0.'05; AT S T H




The statistically significant decrzases in Day 4 to 21
pup surwvival at all dose levels in the F litter were
attributed to high pup mortality within one or mor
litcers at each dose level.

"As stat2d in the report, in the low-dose group the lower
pur survival was attributed to one female (No. 1404)

that experiencead complete litter mortaliety (litter
contained 14 live pups at Day 4). In the mid-dose group,
none female (No. 617) died on Day 7 of lactation and ali
seven pups in her litter died during the Day 4 to' 7 .~
lactation interval. Additionally, three mid-dose litters
(females No. 609, 610, and 620) lost five or nmore pups
fr-m their litters during the Day 4 to 21 lactation
irn.2rval. In the high-dose group, female No. 815 lost

9 of 12 pups during the Day 4 to 21 lactation interval."
Pup survival between Day 4 and 21 in the F; and F,
generations was comparable between control and treated
groups.. Therefore, the findings in the ?1 litters:
were not consistent and were not considereg compound -
related. s g

There were no conpound-related effects on pup boay
weight or sex ratio for any of the litters of the Eo-
Pl’ ana 52 generations. ‘

D. Pathology = ®With respect to the F b weanlings (pups),
there were no compound-related efgects in vrgan weights.
The mean liver weight to body and brain weight ratias of
‘the F./ parental females of all treated groups wer -
significantly lower than control values, but the
differences were not dose~rglated. These findings were
not considered cumpound-related, since similar effects
in F, angd ¥, parental animals were not observed and
there were hno histopathological findings associateg with
the lower liver weight results in F, .adults. The
incidence of tubular dilation of thé kidney in F,. nale
pups showed a significant increase at 30 mg/kg/day. The
results are shown below:

Control 3 - ':10 30
Kidney R
Focal Tubular Dilatation i
- Unilateral. 2/10 3/10f,{,;{g: 7/1o’w"

- Bilateral 0/10 2/10 179 l/lﬂf?V”‘

- ' | ~12-




The kianey microscopic finding in high-dose nale F3b
pups is considered compound-related.

There were no other compouna~-relatec histopathdlqgical
findings in parental animals or F3b pups examinea
nistoloyically. L

The NOEL is 10 mg/kg/day.

The study is classified as core-minimua since there
were three generations with two litters per generation,
wihich exceeds the miniaum requirements for a reproduction
study. Although there often were less than 20 S
pregnant rats/dose, tnis ceficiency is otfset by the
additional generation produced -in 'this ‘study. There
also was a sufficilent number of animals for statistical
analyses to be conducted. Although only:10 L
" animals/sex/dose were exanined ‘nistopatholugically,
they included animals from the F,, F,, and F, S
adults (rather than just F aouIQSﬂi* currenf minimuym -
studies) and also included 10/sex/dose of F,b pups.

For these reasons, the study is,core—minxmu%.- .

Attachnents
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GLYPHOSATE sh # 103601

Page is not included in this copy.

Pages Z} through 7@ are not included.

The material not included contains the following type of
information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential statement of formula.
Information about a pending registration action.

?é FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your redquest.
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Toxicology Branch I - IRS (H7509C)
Secondary Reviewer: Roger Gardner, Section Head“,nml.alm '!(W@ 5/’ flﬂ
Toxicology Branch I - IRS. (875090)
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DATA EvAi;ﬁuxbu; REPORT

Study Type: Pharmacokinetics - Not a . ' TOX Chem. No.: 661A
Mutagenicity Study S S

' Accession Mo.: 251737 . .. .. ... .- MRID No.: 00132685
, jal
 Synonyms: Roundup -

" gtudy Number: 830109; :mi‘No.::;ﬁn-{a‘j-fz1s_f‘- e

cl4-Glyphosate; Specific Activity 5 mCi/mmole

: St. Louis, MO

; m;g_gg_m: A Study of the Plas-a and Bone Marrow Levels of
Glyphosate Following the Intraperltoneal
Administration in the Rat.

Author: W.P. Ridley o g

Report Issued: October 24, 1983

Conclusions:

Thirty minutes follovlng 1ntraper1tonea1 (ip) administration
- of [l4c]-glyphosate to male and female Charles River Sprague-

i Dawley rats at 1150 mg/kq, the concentrat:.on ‘of radiolabel present
"in bone marrow was 267 + 31 and 413 + 39 ppm, respectively

(equivalent to 0.0044 and 0.0072 percent of :the dose). Assuming
first order kinetics, the decrease:in radioactivity occurred with

. a half-life of 7.6 and 4.2 hours .from the males and females,

respectively. Similarly, the half-lives of radiolabel in the
‘plasma were approximately 1 hour in’ both sexes.

assification: Acceptable

Special Review Criteria (40 CFR 154.7}: . N/A

Note: The DER is- based on: Jamac review. -
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Review:

e ?-‘Present;'signed, and dated
October 20, 1983. SR i .

1__;_gg;gzigl - The test material used was a mixture of
(}4c-methyl] N-(phosphonomethyl) glycine sodium salt, and the
protonated acid of the unlabeled test material. Radxolabeled
glyphosate had a specific activity of 5 mCi/mmole and a radio-
chemical purity of 98 percent, whereas the purlty of unlabeled
glyphosate was 98.7 percent. . -

e
1. Nine male and nine female,Crl,CD Br rats were obtained

animals were acclimati
- period of 7 days, ‘the
metabolism cages .for .

‘' The animals were 8
eight of the male was
slng.

to 9 weeks old and the §verag
264 g and of females 186“ '

2. A dosing solution contalninq 12.25 g and 5.487 mg of the
unlabeled and [14C] ‘labeled glyphosate, respectively,
'in Hank’s Balanced Salt Solution was prepared. The
final pH of this dosing solution was adjusted to 7.18 in
the final volume of about 70 mL. The specific activity
was determined to be 29.8: dpm/gg glyphosate based upon
the protonated ac1d weig

3. The rats were dosed by ip ion and the precise
amount administered was calculated from the difference
in weight of the syringe and needle before and after
dosing. The maleg received®1150 + 3.3 mg/kg containing
9.013 + 0.09 x 10° dpm and: the§ emales recelved 1150 +
7.5 mg/kg containing 6.394 * 0.20 x 108 dpm of test
materlal. o e -

4. Blood samples wvere collected by orbital sinus puncture
from six males and six females :15 minutes after dosing.
Additional samples were: collected:from three animals of
each sex at approx1mat» Y. 0. ‘2, -4, 6, and 10 hours

and 0.1 nL of
£ Instagel.
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At approximately 0.5, 4, and 10 hours after dosing, three
males and three females were sacrificed by cervical dis-
location, and the bone marrow from both the right and
left femur of each animal collected. The bone marrovs
were weighed, digested ‘in soluene-350 at 50 *C for 5 to

6 hours, then allqyed;togsit;at room temperature over-
night. The samples were decolorized, 15 mL of Dimilune-30
added, and then were allowed to equilibrate to temperature
and light in the liquid - scintillation counter prior to
counting. Counting.efficiencies were determined by

means of an external: standard and corrections were made
for quenching. The results were reported both in dpm/g
tissue and ug ‘glyphosate equivalents/g tissue (ppm).

,0labeled material in male and
fter ip administration. This
160 ppm and 2019 + 83 ppm of

in males and females, respec-
iolabel in plasma decreased
nalysis of the data indicated
ccurred with a half-life of

les and females, respectively.

A maximum concentratior
female plasma was noted 30 minut
corresponded to a level of 1867
glyphosate and/or its metabolites
tively. The concentration of:r:
subsequently. Linear regression
that the decrease in radioactivit
approximately 0.99 and 1.0 h

The concentration of radiolabel measured in the bone marrow
30 minutes after administration was 267 + 31 and 413 * 39 ppm for
males and females, respectively.. Assuming first order kinetics,
the decrease in radioactivity occurred with a half-life of 7.6
and 4.2 hours for the males and.females, respectively. -

Discussion:

The study was conducted -in order.to "confirm that glyphosate™
reaches the bone marrow following ip injection. The amounts
reaching the bone marrow were considered by the authors sufficienc
to justify cytogenetic evaluation. ;However, identificatior of
the radiolabeled material in the bone marrow was not conducted,
and only 0.0044 (13 ug/rat) and 0.0072 (15.4 ug/rat) percent of
the dose administered ip reached the bone marrow in males and
females, respectively. R ' :

Conclusion:

W sadministration of [14c]-glyphosate
tc male and female Charles ‘R ats-at 1150 mg/kg, the concen-
tration of radiolabel present *the bone marrow was 267 + 31 and

o 413 + 39 ppm, respectively ‘(equivalentito 0.0044 and 0.0072 percent

- of the dose). .Assuming first order kinetics, the decrease in
radicactivity occurred with a half-life of 7.6 and 4.2 hours for

Thirty minutes followinc

T T SO SR T




‘the males and feﬁéies; reépedfiﬁélf; ‘Similarly, the half-livés
of radiolabel in the plasma were approximately 1 hour in both
sexes. S . ‘

tication: Aecwptabte 009614




Reviewed By: William Dykstra, - ./ -7 —‘//C Y £ ﬂ 7/
Toxicology Branch I =~ IRS (H7509C)
Secondary Reviewer: Roger Gardner,»

Toxicology Branch I -~ IRS (H7509C)

Study Type: 84-2a - Gene Hntation
_ Mammalian Cell e

on No.: 251737 , ng;n_gg;: 00132681

'uL—83-155' |
EHL No. 830079,

Title of Rego;ﬁi;w
- Au r: A.P. Li~

Report Isgued-(vketober 20, 1985  ;

Conc1u51ons'

Technical glyphosate dld not 1nduce a mutagenxc response,
with or without. S$9,:up to limit >ytotoxicity (10 mgs/mL)
against standard’ reference ‘muta The range of glyphosate
tested was 2 to 25 mg/mL. e :

PR

Classification: Acceptable‘
Special Review Criteria ' .7): N/A
Note: Dr..Irving Mauer, genetlcist screened the

mutagenicity assay for acceptabil1ty. The DER is based on parts
of a Dynamac review.
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Review:

Quality Assurance Statement ~ Present, signed, and dated
October 20, 1983.
Test Material - The test material was identified as

Glyphosate, a white powder, Lot No. XHJ-64, submitted to
Environmental Health Laboratory (EHL) and indicated to be 98.7
percent pure. It was assigned Sample No. I830044 by EHL and
stored at room temperature.

Materials and Methods:

Preparation of the Test Materjal - Stock solutions of
glyphosate were made in Ham’s F12 V medium (K.C. Biological) and
neutralized to pH 7.0 to 7.4 with 1N NaOH until a clear solution
was obtained. Test solutions of different concentrations were
made by diluting the stock w1th Ham’s F12 V medium on the testing
day. .

Controls - The positive controls were benzo(a)pyrene (B(a)p)
for S9 activation and ethyl methane sulfonate (EMS). Both were
obtained from Sigma Chemical Company, St. Louis, MO.

g_l;_;;gg - The cell line was the Chimese hamster ovary
line, BH,; originally obtained from A.W. Hsie* at Oak Ridge
Natlonai Laboratory. Cultures of these cells were maintained in
Ham’s F12 medium supplemented with 10 percent newborn calf serum
as logarithmically growing monolayers. Growth was at 37.5 + 2 'C
at a relative humidity of 95 percent under 5 percent CO,.

Cytotoxicity - At 18 fo 24 hours before dosing, 0.5 x 108
cells were seeded in 25 cm¢ plastic culture flasks:; on the day
of dosing the growth medium was replaced with 2.5 mlL of Ham’s F12
medium containing neither S9 nor serum. An equal volume of this
medium containing 2X concentrations of the test material was
added; the mixture was then incubated for 3 hours at 37.5 + 2 ‘C,
and then the dosing medium was removed and the cells washed with
5 mL of Hank’s balanced salt solution. The cells were removed by
trypsinization and scored (3 samples of 200 cells plated for
assessment on cloning efficiency). All plates were then reincubated
for 7 to 9 days, and colonies that developed were fixed with 70
percent methanol, stainmed by 10 percent Giemsa and hand-scored.
To calculate cloning efficiency (CE) and relative survival (RS),

‘the following expressions were used.....

*Hsie, A.W., Li, A.P., and Machanoff, R. (1977) Mutant. Res.
45:333-342. -
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esis Assays - The K;BHg cells were plated the day
before dosing with the test material, positive controls, or
negative solvent controls. The procedure described for the
cytotoxicity assay was followed, except that an additional 106
cells/10 mL were subcultured in hypoxanthine-free Ham’s F12
medium, supplemented with 10 percemt dialyzed newborn calf serum.
Subculturing was carried out every 2 to 3 days, followed by the
7- to 9-day period allowed for phemotypic expression. After
phenotypic expression, selective medium? (hypoxanthine-free Ham’s
F12 medium .supplemented with 10 uM 6-thioguanine (6TG) and 5
percent dialyzed newborn calf serum) was usgd to select for the
6TG-resistant mutant clones. A total of 10> cells were assessed
for mu t ‘development, using five 100 mm plates, each containing
2 x 102 ‘cells in 8 mL of selective medium. After incubation for
8 to 12 days, colonies were fixed, stained, and scored. The
cloning ‘efficiency was determined as previously described.
Using the expression that follows, a mutation frequency (M.F.)2
was calculated. '

. C.E. = number of colonies developed
€ number cells plated

R.S.2 = ___C.E. (dosed)
: C.E. (negative control)

' Experimental Design - Two experiments were used to determine
the mutagenicity of glyphosate. Im Experiment A, three doses of
test material (5, 17.5, and 22.5 mg/mL) estimated to yield 100,
50, and 10 percent survival were used in conjunction with S9
concentrations of 0, 1, 2, 5, and 10 percent. This test was to
determine an initial estimate of mmtagenic potential at an
optimum S9 concentration. In Experiment B, five doses of test
material (2, 5, 10, 10, and 20 mg/mL) estimated to yield 100, 70,
50, 20,7 and 10 percent survival were g§ed. Since no mutagenicity
was observed in Experiment A, no optiem S9 concentration was
determined; therefore, a 5 percent S9 concentration was chosen as
representative.

Metabolic Activation - The Aroclor 1254-induced rat liver S9
fraction was purchased from Litton Bionetics and was applied to
cultures ‘in 'varying amounts relative to the S9-cofactors. The S9-
cofactor mix contained, in additiom to different amounts of S©

1pi,”A.P.; Dahl, A.R., and Hill, J.O. (1982) Toxicol. Appl.
Pharmacol. 64:482-485.
R.S. was .used to express cytotoxicity to the cell line:

M.F.-=-guhﬁer mutant colonies x _21
-~ Number cells plated CE

-t
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protein, 50 mM sodium phosphate (pH 7.5), 4 mM NADP, 5 mM glucose-
6-phosphate, 30 mM KC1l, 10 mg MgCl,, and 10 mM CaCl One mL

of the S9-cofactor mix was added to 4 mL of medlum %or the cyto-
tox1city of mutagenicity assays.

cs - The method of Snee and Irr* was used to analyze
the mutagenicity ga}g: mutant frequency values were transformed
using Y = (X + 1) where ¥ is the transformed mutant
frequency and X is the observed mutant frequency. Treatment data

‘were compared to the solvent control data by the Student’s

t-~test. Determination of dose-response relationships as linear,
quadratic, or higher-order was possible by Snee/Irr analysis, and

a program daveloped by Irr (DuPont) was incorporated into Monsanto’s
computer system.

s - Approximately 90 percent lethalityv
cccurred at glyphosate doses between 20 and 25 mg/mL. Hence,
22.5 mg/mL and 25 mg/mL were the high dose in Experiment A and
Experiment B, respectively.

~In the presence of varying S9 concentrations, mutant
frequencles X 107° in the negative (medium) controls were 7.4
(o percent), 5.9 (1 percent), 7.1 (2 percent), 4.4 (5 percent),
and 9.1 ‘(10 percent). At glyphosate doses of 5, 17.5, and 22.5
mg/mL, ‘none of the mutant frequencies were 51gn1f1cantly
different from the control values. However, with 1 percent s9,
the mutant frequencies (f) x 10 =6 and p-values** at wvarying
glyphosate doses were 5 mg/mL (f = 4.3, p 0.6695), 17.9 mg/mL
(f = 11.6, p = 0.3470), and 22.5 mg/nL (f 19.1, p = 0.17%6).

0

In the absence of S$9 at various glyphosate doses, the mutant
frequencies x 10~° were 2 mg/mL (f = 3.5, p = 0.1789), 5 mg/mL
(€ = 11.3, p = 0.9994), 10 mg/mL (f = 10.8, p = 0.6314), 15 mg/rL
(£ = 20.8, p = 0.5318), and 20 mg/mL (£ = 10.1, p = 0.8695).

At concentrations ranging from 5 to 25 mg glyphosate/mL in
the presence of 5 percent S9, mutant frequencies x 10™° varied
from 5.7 (p = 0.8536) to 14.9 (p = 0.4811) compared to a control
value of 7.7 x 10~°

The mutant frequency for treatment with 200 ug EMS/mL averaged
150 % 107° compared to the negative control values of 9.4 x 10~°.
Using 2 ug B(a)P/mL in varying amounts of S9 (expressed in percent-

;age),_;pe ‘average mutant fredquencies.were (353 x 10~ ) (1 percent),

*Snee, R D. and Irr, J.D. (198i) Mutat. Res. 85:77-93.
**Probability to be the same as control by the method of Snee and
Xrr (1981).
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(186 x 10~6) (2 percent), (99 x 10~6) (5 percent), and (95 x 10~%)
(10 percent).

Discussion:

The authors concluded that glyphosate was cytotoxic to CHO
cells at high concentrations, i.e., > 10 mg/mL, but that
significan* mutagenicity at the HGPRT locus was not produced.

Our assessment is that the authors have assayed the test
material in an appropriate dose range without or with S9
activation at several concentrations, and their data showed no
- significant mutagenicity. Using 1 percent S9, however, a non-
significant dose-related increase in the mutant frequency was
seen in the glyphosate dose range of 5 to 22.5 mg/mL.

. ]‘ : .
“yihé”test material, 98.7 percent pure—glyphosate, did not

produce a significant mutagenic response either with or without
$9 activation under the conditions of this study.

Classification: Acceptable
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Reviewed By: William Dykstra, En.D. e it o

Section I, Toxicology Branch I -~ IRS (H7509C)

Ltn. Seconcary Reviewer: Rogjer Garaner, Section Heau‘/LntﬂfnL ﬁﬂYﬁ?l
Section I, Toxicology Branch I -~ IRS (H7509C)
603614

DATA EVALUATION REPORT

Study Type: 84-2a, Gene Mutation TOX Chem. No.: 661Aa
Accession Number: {i/A MRID No.: @0U78620

Test Material: Glyphosate, technical; Sample No. 4

Synonym: Roundup
Study Number: LF-78~161

Sponsor: lionsanto Company, St. Louis, MO

Testing Facility: Environmental Health Laboratory
St. Lou1ls, MO

Title of Report: Final Regort on Salmonella Nutagjenicity Assay of
Glyphosate. )

Authors: L. Flowers and L.D. Kier

Report Issued: June 15, 1Y7%

Conclusions:

Glyphusate was ngjativs ror autagenicity when ta2stel up to
1000 ug/plate (or toxo;1t1), poth with ang without $-9, 1a
Salmonella typhimurium stra:ins (TAY%8, [alU0, Tal335, anc TAa:i337).
Positive controls run concurrently produced the expected positive
nutajenic resultse.

Classification: Acceptable

Special Review Criteria (40 CFR 154.7): IL/A

-Note: Dr. Irving Mauer, geneticist, screenex this s:zucy

fur acceptapility.
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Methods:
Stanuarad methoas were employed.
Review:

The followiny compcunds and anwunts were wSed as positive
controls:

Strain 5-9 Mix , Compounds Anount/Plate
TA98 - 4-nitroquinocline-N-oxide 0.1 mcg
TA98 + Z2-acetamiaofluorene 30 mcy
TALQO - 4-nitroquinoline~N~oxide 0.5 ncg
TA100 + senzola)pyrene 2 mcy
TA1535 - HaliD 10 mg

- Tal535 + c:is?Z,B—aioromopropyl)- 30 ncy

phosphate

TAal537 - Y-aninoacridine 30 ncy
TA1537 + 2-anminocanthracene 30 mcg

Results:

Reverse rutation (Gene Mutaticn) assay

1. TA%B and TAl1OQGO

S-49 Ret: Littwn IRL-148

Solvent 820

Without Microscmal Activaticn Sevsz2rzants per Plate
Amcunt per Plate TAa93 TATGL TA1335 T231547

0.1 ug 31 28 24 151 164 166

1.0 ug 19 21 i3 123 147 132

10 ug 5 21 21 130 113 104

30 -ug 21 23 13 133 139 14

100 ug 21 27 15 145 108 115

1000 ug TOX  TNA  IOX 77 9z 77

Solvent Coatrols 26 3 13 134 108 130

Negyative Cocmtrol (H_0O) 25 25 Ej 152 103 93

Positive Controls 385 1399

N N ’\ ‘;’_.‘- '_ o~



5-9 Ref:
Solvent Hzo (Cont'd}

Litton IRL-148

R

With Microsomal Activation

Amount per Plate

Qa1 ug 56

1.0 ug 52

10 ug 72

30 ug 78

100 uy 64

1000 ug TOX
Solvent Countrols 34
Negative Control (H_0) 60
Positive Controls 1234

TA98
73 153
30 &5
53 04
70 40
56 63
ToOX TCX
35 63
22 30

Revertauts per Flate

143
152

92
111
145
104

103
126
309

TA100

104
145
133
132
126
110

98
116

127
108
135
115
138
108

1038
114

TA1535

TA1S537

2. TAl535 and Tal537
S~9 Ref: Litton IRL-48
Solveant H20 .
Without Jicrosomal Activation Reverzants _cr Plate
AmOu.it per Plate TA98 JAT 2 TA1S33 TA1337
Ged uy 16 T - 125 35 35 3 2 3 4 o z
o260 ug 9 3 T 33 36 34 H 2 3 7 2 -+
U ug 4 1 i 7 < -
30 ug 2 1 ¥ 5 2 <
Lo TG uy H] 2 pa 45 3 T
10GC ug T2X  TOX TCX TOK T ToL
soivent Contrulis 20 Ed ) 119 117 Ty ) 2 K 2 +
Regative lontrol (HZO) 1 T 9 66 31 100 3 2 3 2 2 z
POsitive ContrLis Iz 263 48 12
With Microsomal Activation nevertants per Plate
Amount per Plate TA93 TA1.Q TA1535 TA1517
0.4»_!_.1_«,‘ 58 =3 [ 10C 122 111 5 13 7 15 22 3%
2.0 uy 40 s 34 1928 137 135 9 7 3 26 5 1T
v ug 2 5 g 37 3 1o
30 ug 3 6 5 27 10 26
399 uy 6 3 6 13 10 37
10G0 ug TCX TOX TOX TOX TOX T3x
“Solvent Controls 54 48 45 135 137 121 16 9 S 12 45 27
Negative Control (H20} 43 33 44 95 86 93 8 13 9 M. 19 12
Positive Controls 1337 641 198 95
-3~ -
Ll W
C Vel
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Reviawa2d Bv: Williaa Dykstra, Ph-D.[vﬁl&f“" ‘Z?‘a 517
Section I, Toxicology Branch I - IRS (H75097)

Secondary Reviewer: Roger Gariner, Section ﬂead(‘,:ﬁtﬂblw 5/1'[/“
Section I, Toxicology Branch I - IRS (H7509C) 614

- DATA EVALUATION REPORT

Study Type: 84-2(b) - Structural TOX Chem. Jo.: 661A
Chromosonal Aaberrations:
ifouse Dominant Lethal Assay

Accession Humber: I/A HRID No.: 00045364

Test HMaterial: Glyphosate, technical; 98.73% purity;
Lot No. Xd4J-64

Synonyms: - Roundup
Study Nos.: IRDC No. 401-054; ‘lonsanto No. IR-79-014

Sponscr: llonsanto Company
St. Louis, MO

Testing Facility: IRDC ' -
Mattawan, !I -

Title of Repert: Dominant Lethal 3Study in Mice.-

Auticr: Dean E. Rodwell

Report Issued: April 16, 1380

Conclusions:

Glyohosatz2 was negative for a Jdominant lethal -utation Ia
miz2 2t :Josages up to 2000 ng/k3, jiven as a single osral dose.
All standari criteria wer2 met 2xzept that thece was no eviden—2
of slinical or reproductive toxicity (hence, no evideance that
jl/2hosate reached testes), and there were insufficient aunbers
of matings (fewer than 20 per weex) for statisti-al comstraints.
tlormally 30 t©o 50 pregnancies per weck/dose are neaded for
statistical analysis.

Classification: Unacceptadle

Special Review Criteria (40 CFR 154.7): N/A

Note: ©Dr. Irving Mauar, Jeneticist, screea=d the
nutagenicity study for acceptability.
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Review:

Quality assurance was signed by Barry W. Benson and dated
ltarch 18, 1980.

Test Materials - glyphosate technical; 98.7% purity:
Lot lo. XI1J-64. Positive control: Cytoxan {(cyclophosphanide),
240 ng/Xxg. Negative control: 3.53% methocel.

Animals ~ 90-day-old male CD-l mice, obtained from Charles
River Breeding Laboratories, Portage, MI, were used in the study.
Zight hundred sexually mature, untreated virgin female mice of
the same source and strain were used.  The nice were individually
housed, except during mating, and naintained in a controlled
environnment. The nmice received Purina Rodent Chow #5002 and tap
water ad libitum.

Methods:

Randomized qgroups of 10 male nice were divided into five
gJroups. The groups received the following (I): Hegative
control; (II): Positive control {240 mg/%3):; (III): Glyphosate,
200 mg/kg: (IV): Glyphosate, 800 mg/kg; (V): Glyphosate, 2000 -
ng/kg. The male aice were orally dosed on only the first day of
the study at a 10 aL/kg volume, except £9r. the positive control
qJroup, which was by intraperitoneal injection. Fzmale aice
recegived no treatment.

Imediately €ollowing treataent, each male was cohabitatad
with two virgin fenales for 7 consecutive days. Following the 7-
day »neriod, two new fa2males were cohabitated with each nale and
the original females were returned to their individual cagss.
ramales continued to be replaced ia this -anner for 3 weeks so
that c¢ach nmale was aated with a tntal of 16 females.

.ce were observed daily for toxicity and nmortality.
Clinical observations and body weight were measured weekly for
9 weeks.

Thirteen days after ~nid-week o5f their caging and presunptive
m1atingy, each female was sacrificed and the uterus and ovaries
wera exposed by an abdominal incision. The number and locatian
of viable and nonviable fetuses, early amd late resorptions,
total implantations and corpora lutea per dam were recorded.
Gross necropsy examinations of thoracic and abdominal cavities
and organs of the dams werc performed. ’

Statistics:
Fetal deaths per dam and postiaplantation loss were compa-ad

by the Mann-tthitney U~test as described by Siegel and Weil to
judge significance of differences. The number of dams with fetal

-2-
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deaths was compared using the Chi-squares test criterion with
Yate's correction for 2 x 2 contingency tables and/or Fisher's
exact probability test as described by 3iegel to judge significance
of difference. The mean number of live fetuses and corpora lutea
were coapared by analysis of variance (one~way classification),
Bartlett's test for homogeneity of variances, and the appropriate
t-test (for equal or unequal variances) as described by Steel and
Torrie using Dunnett's multiple —omparison tables to judge signi-
ficance of differences. ‘ ,

Results:

There were no treatment~related toxic signs in the
glyphosate groups. In the positive control group, yellow
staining of the anogenztal region was observed in 4 out of 10
males during various weeks of the study. o . :

There were four unscheduled deaths: one male at 2000 mg/kg
during week 6; one mated female at 2003 mg/kg during week 2; one
female at 800 mg/kg at week S5; and one female at 200 mg/kg at week
3. The cause of death could not be determined.

There wera no compound-related effects in body weight of
nale glyphosate-treated nice and positive control nice in
comparcison tn the untreatad negative control.

The principal criterion £or Zdeteraining a dominanrt lethal
nutagenic effect is the increase in the number 3£ carly fetal
deaths in treated groups in comparison to negative controls.

Cytoxan displayed a dominant lethal effect, as evidenced by
an increas2 in the proportion of early fatal deaths in this
group, when comparad to the negative control during tae ficst
three weeks of mating. Glyphosate-treated males did nmot show a
autagenic effect by this criterion up €5 2000 mg/kg over the
eatire 8-week mating cyclc.

The following tables, as presented in the report, show,thesé
results. T .

s gAY el Y i S
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Summary of 9...:5 Moan Matornal haar vationg At Uter ina Fxanination

. Fetuses

Resorptions

: n.cm:av. an=

s O s e - O o

SN = Standand Deviation
*Signiticantiy dittarent trom control group p ¢ 0,05,
®agigni ticantly di fferant trom controt group p < 0,04,

N

: Number ~ Number  Viable - . Nonviabls  Late “Early  fation Loss ' Implantstion
Dosags Level Gravid Nongravid Mean _  SD __Mesn SD: Moan SD __Mean SO __Mean - Mean SD:
P S il " Mating Wee -
Omg/kg R Tt SR Vo
© (Vehlcle Controf): - 47 "o 3 - 41,8 1,08 0,0 070,00 0,4 0,937 0.6
240 mg/kg PR T R B SO S ‘
(Positive Control): 15 = 5 4,1%% 3,77 0,07 0,00 0., 0,35 4,9 2,12 5, 1%
200 mg/kai . 3 5 10,9 3,58 0,0 0,00 0,1 0,35 0,7 1,5 0.8
00 mg/kgt 6 4 10,5% 1,83 0,0.-.0,00. 0,3 0.7 0,8 4,11 1,1
2000 mg/kgt 17 3 th6 2,32 0,0 0,00 O 0.3% 0.4 0.6 0.9
) . Mating Week 2
0 mg/kg .
(Vehicle Control): = 17 3 M.t - 3,35 0.0 0,00 0.2 0,5 0.9 2,05 1.1
240 mg/kg . o .
(Positive Control): 16 4 3.3% 3,34 0,0 0.00 0.0 0,00 4,19 1,80 4, 1%%
200 mg/kgt 16 4 .4 2.3 00 0,00 0.1 0.25 1,0 1,41 1,1
800 mg/kg: 18 2 to.t 3,26 0,0 0,00 0.8 2,81 0.7 1.46 1.5 5,22 1.6 1,89 10,1  2.49
2000 mg/kg: 18 2 2,1 1,89 0,0 0,00 0.2 044 0.8 0,90 1,0 1,06 13,1 1,25 10,4 1,4
Mating Week 3
0 mg/kg - T ) T
(Vehicle Control ): 14 6 12,0 1,23 0.0 0.00 0.1 0,27 0.5 0,75 0.6 0.76 12,6 1,22 10,0 1,38
240 mg/kg : .
(Positive Control): 16 4 4,8%% 3,17 0.0 0,00 0.6 2.00 4.,4% 0,18 4,9%*% 3,34 9.8 2,77 10.9%*% 2,25
200 mg/kg: 18 2 12,0 2.4 0.0 0,00 0.1 0.24 1,3 1,5 1,4 1,50 13,4 1,46 14,4 2,67
800 mg/kg: 18 2 1,4 2,15 0,0 06,00 0.! 0,24 0.8 1,00 0.8 0.99 12,2 1.8 1.0 L1
2000 mg/kg: 17 3 10.5* 2,95 0,0 0,00 0.8 315 0,6 0,80 1.4 3,10 1.4 117 12,0 1,16
Mating Week 4
0 mg/kg ’
(Vehlcle Control): 19 1 10,4 3,76 0.0 0.00 0.9 321 0.8 1,27 1,7 3,35 12,1 231 12,5 2.4
240 mg/kg : ; . : :
Positive Control): 13 7 10,9 2,87 0,0 - 0,00 0.2 0.60 1,5 2,07 1,8 2,42 12,7 1.44° 13,5 1,05
200 mg/kg: 13 3 10,8 326 0.0 0,00 0.2 0.39 0.6 1.00 0,8 1,03 .4 2,9 1,9 2,65
800 mg/kg: 17 3 1.3 3,10 0,0 0,00 0,0 0,00 1.2 1,67 1,2 1,67 12,5 2.48 11,2 2,35
2000 mg/kg: 14 6 9.9 4,44 0,0 000 0.0 0,00 0.9 0,86 0.9 0,86 10.8 3.83 12,0 4,28
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Sunmary of Graup Mean Maternal Dhservatinns™d (Parine Txamination

veseounofotuses = Resorptions Pastimpt an- Total Corpora
Numbser  Number Viable __ Nonviable Late Farly tation Loss Implantations _ tutea
Dosage tevel _ Gravid Nongravid Wean S0 Mean SO Mean SP _Mean __SD_ Mean _SD __  Mean SD__ Mean _ S
0 mg/kg .
{Vehicle Controt): 20 0 1,3 3,27 0,0 0.00 0.8 5,2t 0,4 0.8% 1.2 5,25 12,5 2,12 153 2,00
240 mg/kg A v
(Positive Contrei): 12 8 .7 2,717 0.0 0,00 0,1 0,29 0.5 0,52 0.6 0. 51 12,3 2,09 13¢ 1.44
200 mg/kg? 17 3 10.8 t.95 0.0 0,00 0.3 0,359 0.5 0,72 0.8 0,88 1.6 2,27 12,0 1.57
800 mg/kg: 18 2 10,4 4,09 0.0 0.00 0.1 0,38 1.5 5.39 1.6 3.47 12,0 2,26 12,2 2,13
2000 mg/kg? 18 2 10.4 2,94 0,0 0,00 0,4 0.78 0.9 .28 1.3 1.88 .8 1,9 12,6 1,54
mmmens mssssssesssssmssmessssmsesssasesceeae LN HOOK B e imeieseeeseseessesees
0 mg/ky .
{(Vehicle Controt): 18 2 11.8 2,43 0.0 0.00 0,2 0.55 0.9 t.48 1.0 1,56 12,8 2,36 13.8 1.77
240 mg/kg v
{Positlve Control): 14 6. the 180 0,0 0,00 0% 0,4 1,2 200 1,5 1,00 13,1 Lae 15,4 1,80
200 mg/kg: 19 ' 12,6 & 0.0 0,00 0,2 0,357 0,6 0,77 0.7 0,99 13,8 1,39 13,9 1,20
800 mg/kg: 17 3 tt.4 2,69 0,0 6,00 0.} 0% 0,6 0,79 0,8 0.7 12,2 %16 12,9 1,83
2000 ma/hgs &} L thy 504 0,0 0,00 0t 026 0.9 1,22 LD L0 12,0 2,% 14,0 2,29
PO .. LA E . L U S
0 mg/kg
Vehicle Control): 19 ' 1.8 8 0,0 000 0.2 0,5 1% 1,4 1,4 1™ AT T AR N
240. mg/kg
Positive Control): 12 8 10,3 3,08 0.0 0.00 0.2 0,39 1.0 .21 1,2 t.19 1.4 2,91 11,8 2,44
200 mg/kg: 19 1 1.4 2,76 0.0 0,00 0.1 025 0.6 0.90 0.6  0.90 12,1 2,55 13,0 3,18
00 mg/ kg1 18 ? et %05 0,0 0,00 0% 0,7 D4 06 0,7 0,9 A 420 1,2 200
2000 mg/kg: t5 3 12,0 1,98 0,0 0.00 0.% 0.59 0.5 064 0.7 0.0 15,0 L9e 15,4 R:
emmmmnn 0. LA Lt L 0 USSR
0 mg/hg
{Vehicte Control ): 18 2 1.4 2,200 0.0 0,00 0.1 0% 0,4 0.99 0.6 0,98 12,0 2,06 12,7 1,45
240 mg/kg
(Positive Control): 14 6 1.4 3,88 0,0 0,00 0.5 1,8/ 0.7 .5 1,2 2% 12,6 1,91 13,5 1,87
200 mg/kg? 8 ? 10,7 4,2% 0,0 0,00 1,5 356 0,9 L1y 2,7 .47 12,9 2,9 14,1 1,88
00 mg/kg 20 0 10,4 2,94 0.0 0,00 0,% 0.44 0,6 0,76 0.8 L0 1,2 398 12,4 2%
2000 mg/kg: 16 2 0.7 2,9% 0,0 0,00 0.6 1.26 L1 .53 1.6 2,19 11,9 2,41 13,9 2.4

Vaiuwes from the treatsd groups specitiad to be tosted in the raport did not diffor significantly from the Control qroup,

p < 0.05,
SO = Standard Doviation
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Dj ion:

The authors concluded that glyphosate has no clastogenic
effect on bone marrow cells under the conditions of the assay.
Statistical analysis supported their results; however, there was
a slight but nonsignificart increase in achromatic gaps (not
considered aberrations) in the glyphosate treated group. Our
assessment is cthat the authors’ data support the conclusions.
The assay sensitivity was supported by appropriate response from
the positive control relative to the sclvent contrel. The highest
dose level of glyphosate used was limited to the test compound’s
solubility and by the volume that could be injected into a rat.
A range~finding study (Study No. 830082) used to set the maximunm
dose presented data on cytotoxicity for levels of test compound
up to 1000 mg/kg. However, there was no concurrent cytotoxicity
data. Moreover, only a single concentration of test compound was
tested.

conclusions:

Glyphosate did not induce significant clastogenic effects in
rats under conditions of the study which was limited to the assay
of a single dose level of 1000 mg/kg. Cylophosphamide at 25 mg/kg
caused a highly significant number of chromosomal aberrations
demonstrating the sensitivity of the assay. Under the conditions
of the study, glyphosate did not cause any fatalities or other .
signs of toxicity. Monsanto has addressed these issues in
the letter of November 26, 1984 (memorandum of W. Dykstra of
March 12, 1985, attached). )

Classification: Acceptable

Col0y
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unpublisked report (study no. ML .3016C) prepareg for Monsznto A*ri:ulturci
Products Company by Envircnmental Health Laboretory.z Honsanta Co. st.

touis, MQ. Dated Gctcber 21, 1983.

REVIEWER BY:

-®William Mclellan, Pn.D.
Senior Scientist
sDynamac Ccrpecration

I. Cecil Felkner, Ph._
Mzr. Genetic Toxicolegy Dept.
Pynamzc Cerperation

Cipriano Cueto, Ph.D.
Lece~tment Director
Eynemac Corpcraticn

a2 ;ng#ﬁuﬁsvz‘f

wiliiam Oykstra, Ph.G.
EPA Scientist

Signaih?efa

Signature:

Date:




DATA EVALUATION RECCRS .

STurY TvpE: Hutegenicity-(range-fir ing stuéyi-

CITETICN: Ui, A.P. Effects cf glyphcsate on 'rat bone marro

An
“unpublished repert (study no. ML-83-160) prepares fcr Mossan
Frogucts CLompary by Ernvironmental he=.°h~,Lauara ¢ st.

touis, MC. Cate? October 23, T9€3.
ECCESSION NuMBEE:  251737.
L£BOSATOPY: Envircnmental Health Laboratory, Msaszatc Ce

7esehi, $137%¢3 79 dateJ T "'cr i,

sy

-
-t
"
{3
A
)

TEST : T e test material was 1centiffed as'glyphcsate (EBL sample
MG, TEZ0C44) a white powzer having a purity cf 88.7 percent. .

s r%ga ation of Tett !ater1a1- €k S0 n o
vsuspending glyphcsate 1if ‘s balances s 141,

“adjusting the pH to 7.5 with sodium hydroxice. Oilutiéns of the stock

sclutiorn in HBBS were freshly prepared to yield salutlons of 20, 40 63,

and 80 mg/ml.

Controzs: Hark's buffered salt squtibb'To ﬁz)ﬁ%'gzs“ns

s .the vehicle
contrQI: R : c

rague-Dawley

Arimals: The animals used in the study were male and fema a
The aq'mc"

rets [ZD(SD)ER} from Charles River Ereed1na s Jaboratories
 WEre approximately 10 weeks old at the
: ;ne males weighed 264-299 9.
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Preparation of Bene Marrow (Cells: ' Borne marrow was’ separate. from e2:h
femur into a 5 m1 piastic syringe ccntaiu.r.g 2 m1 HESS. The contents were
accez to plastic centrifuge tudes coemizinming 5 nﬂ VEESS ang - Sacuates 2t
37° € until they were preparez for analysxs- o

1o ¥iebility Ceterminaticn:  An hcaot ,fef tr.e cell -suspension was
inez with acricine orange and ethicium br.s:iue (EPL SOP L-S80%1-325%).

s were pregared, anc approximately 10G cellis/animal az eac: woose
wE~E exa'*"red by flvorescert mi'msccp}

.nce viadble ‘cellc take ug
53‘9 wp etr¥ziym

1Y B et N N ey

v.*r.erdcns wErE centrif oEs

fererrinavicr c‘ Mitotic Inces Th : ey
the peliet suspengecs in 1 = 0. 0!‘ L$ (C' 3 :-"_ rame ar gccitiene” 5 =?
of Kcl addez After 30 min ncnba;im t:37° .__"i ml Cornew*s fixaziv

» .ine“celis were Tmer
p».-e;e-. 5 m’t of fresh fixative addeﬁ,;and th ‘;“cei’ suspension sicrec 2t
4° C. One to Z drops of cell suspensicas. yere fixed on slides angd statmes
15-20 min with 2 percert Geimsz scluriem.
air dried.

Approximately S00 cells/slide were cmmted n«tomuantitate meza pfase and
wr-—me*ap*ase celis. The mitotic. incex” (ratio of “mitotic cells to <the
otal number of cells ccunted) was calculated from th‘is data.

RESULTS:

Viabiligw: Vviapility ranged from 958 ';1;6198".5 percent in males ang “rom
8.2 to 97.8 percent in females groups. - Solvent control values were S£_8
percent fcr males and 98.5 percent for females. Hence, the au~mor
assesse’ that givphosate at doses up to 1030 rlkg. had no effect on c=11
viacility. B ephy

Miterc Index: The mitotic index for cortnﬂ ;males was 0.0928 znc For
contrci females 0.032 (average of 4 animels)” The\mtotic ‘§ncex for mzT=s
cesec at BJ0 mgskg was slightly but “significantly (p = 0.0S) increzsec
cver controls (G.G35). In cther cose .@roups:of- meles the mitotic inc res
were simiiar to centrols (0.030-0. 0.:7)-

s} gh‘..ay 1cue' a*
rere ere no sign™¥
mci:e* L ra'-geu ;"cm

In glyphosate-treated females tne‘
430 mg/kg (0.019, § = C.036) <har ir'c
cart differences at other dcse level
$.022-0.039).

SCUSSION:

The authers concluded that doses up .
used to score the potential cytogeneti
w3as no significant .reduction in the: &l

yphcsate coulc be
rats since there
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that the highest dose used in the range finding Study was tné maximue dose
that could be effectively administerec 'based on solubility cof the test
compound and the volume that coulg be ‘n,,ec ted ‘ip ‘into. rats-,

nis reviewer agrees the conclusions. The 4 percent’ reducticn in mitor
index in 400 mg/kg females may nct be- comaound “,relate...' sin:e there was nc
gose-response re’la*wrship. Furthermore, such 3 s}igh°"lo.e-xng cf 2tne

the maximumr cose wili be 1r.ade:'.uate A
fcr selecting the maximum dose. ST

CONCLUSIONS:

Glyphosate (at dcse levels between 200~ 1,000 mg/kg) did nct cause any
lcss of wviability in vivo in rat marrow cells.  There was & szigh:
decre2se (4 percent) in mitotic ‘index :in females at 400 mg/kg “ut nzT at
higher doses. and no effects in males.: Therefore 1 000 m-/kq can be
tuigr@ted I an in vivo Zytodenicity asssy im réla.

CLASSIFICATION: Acceptable.

CGidg




Secondary Reviewer. (
Toxicology Branch I - IRS (

Glyphosate Technxcal, Lot(No.j“
98 7% ‘

- Synonyms: Compound JJR—lozo : N R
Study Number: AH-83-181 _‘] ‘ ,{f, S )
Sponsor: nonsanto Company, st. Lauis,v '

alhalla, NY 10595

. Title of Report: The Hepatocyte Prinary culture/DNA Repair Assay
on Compound JJN-1020 Using Rat Hepatocytes in
Culture -

Testin acilitv: Naylor Dana Instxtute,

Authors: G.M. Williams and C. Tong

ggpggt Issued: . October 21, 1983

ONA dUnder the conditions of éhoiosé;f; glyphosgte did not 1nduie
amage at concentrations between 1.25 x 107 and 1.25 x 10~

mng/mL. All reievant study crxterza were'net except the
following:

1. No preliminary,toxicityﬂtestingfi@ﬁo?ted,

2. No criteria for dose-sélection,\ond‘

3. Stated to have been tested up. tousolublllty limit, but
no data or@docunentatlon presen

. . Note: Dr. Irving‘Hauer
mutagenicity study for occep.ability.

8 based on parts -
of a Dynamac rev1ew. - N

e
il
[
(O]
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Quality Assurance Statement ;ﬂnthcuqh the report stated
that a quality assurance review was prepared for the study, a
signed and dated report was - not ‘present. . .

as ;id‘enti:ieu as JIN~-1020
ompany. - Its purity was
be soluble in 0.1 N NaOH.

Test Material - The test mat «
of Lot No. XHJ-64, provided by Mo
98.7 percent and it was reported”

study were freshly prepared hepatocytes ron”adult male F-344
rats. .The hepatocytes were obta
procedure developed by Williams _ 0 .
anesthetized with 50 mg/kg. sodi: tal ‘and. perfused wvith
sterilized Solutions I and IIiby means of a‘sterile petlstaltlc
pump. Solution ¥ contained 0.5 mM
ethyl ether) N-N’-tetracetic acid
free Hank’s balanced salt solution .
hydrcxyethylpiperazlne-n’~2-ethanesu1£onic ‘acid (Hepes) adjusted
to pH 7.35, using 1N NaOH. Solution II ‘contained 100 unit/mL of
type 1 collagenase in wlllzams' medxun E (WME) buffered by 19 mM
Hepes (pH 7.35).

Profusion was through the portyl ve n,via .a 21 gauge L
/min~at 37 *C for
Solution I. At the start of perfusio,,with SOIut1on X, the
process of ligating the 1nfrahepa ( ‘was completed and .
the vein severed distally so: that X fusate ran'to the waste
container. When the liver.wa C 2d, 'a cannula was
inserted into the thoracic infe that .the .
perfusate could be collected by means is return’cannula;-
then the flow rate was 1ncreased to /40 mL/min for 2.5 minutes.
The perfusion with Solution I: wasbtoll\'ed ‘by perfusion with
sterile Solution II at a flow rate of 20 'ml/min at 37 ‘C for 10
minutes (not rec1rculat1ng the return perquate). The liver was
. covered with sterile gauze warmed by a. oW ‘1ight bulh.

The perfused liver
and connective tissue into’
sterile conditions. The ti
Solution II. After _opening the
inferior. surface and removal: :
detached by "gentle combing‘wi
shaklng off loose cells.

*Williams, G.M., Bermutes, B. 2zino, D. (1977) Vitro

13:809-817.




~Williams+»

suspension were pipettéd
the volume to 50 mL~ with

per 100 g body weight
percent were usually obtained

immediately onto 25 mm 'round . coverslips
under 5 perzent co » humidifi
coverslips were washed with
that only the attached via

mg/mL.
NaOH and 20 ul, of the st
medium so %hat the flna% t
6.25 ¥ 10~ 5’ 125x10

1. 25 x 10

. Yy
est ions were 1 25 x 10~ ia
'6.25 x 1-" ~4

DNA repa

ir ‘a. ) e
: WME, the

ine ‘([311]-:&3) at 60

11 ‘suspension. The

, ‘[gH] \ ‘from the wells’;
‘and successively rinsed h s’of WME. Each_

lyilliams, G.M. (1977)
2yilliams," G.M.
Serresﬂ' F

ﬂr XS]
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»L of 1 percent sodium citrate, in clean 6-well dishes, to cause
nuclzar swelling (permits better nuclear grain quantification),
and finally fixed by three 30-minute changes of glacial acetic
acid (3:1), air dried, and mounted on glass slides. Slides were
dipped into NTA emulsion (Eastman Kodak) that had been prewarmed
at 45 ‘C for 1 hour, removed, and dried in a light-tight box.
Slides were wrapped in foil and stored at 4 ‘C in cardboard slide
boxes. ‘

Ten days after storage, autoradiographs were developed for 4
minutes in D19 (Eastman Kodak), placed in acidified tap water for
30 seconds, immersed in fixer (Eastman Kodak) for 10 minutes, and
washed with tap water for S minutes. . Next, slides were stained
with Harris’ alum hematoxylin, counterstained with eosin, dehydratad
through 100 percent ethanol, air dried, and the coverslips sealed
with Permount. o

Slide Evaluation - Nuclear graims were scored with an Artek
Model 880 electric counter equipped wilh a microscopic
attachment, using the area mode (permits distinction between
discrete grains, even in aggregates).: The net increase in grains
induced by the test chemical or the positive control relative to
the solvent control was the method used for quantification. To
avoid artifacts, only cells with swollen nuclei (viable cells at
fixation) and those evenly coated with emulsion were scored.

From each coverslip guadrant, between 5 and 20 randomly selected
cells were scored (depending upon the nuclear/cytoplasmic grain
ratio*). Background grain counts were assessed by counting
three nuclear sized areas adjacent to the nucleus, and the net
nuclear grain counts were calculated by subtracting the highest
cytoplasmic count from the nuclear count.

Data Interpretation - By subtracting counts of the highest
cytoplasmic background, false positive scores could be avoided.
A minimum net grain count of five per nucleus, consistently
observed in triplicate coverslips was the criteria for a positive
sample, and if the minimum was consistently observed throughout
- the experiment, the compound was considered positive.

If S phase cells, identified by morphology and/or high grain
density in the autoradiograph, were absent, then a cytotoxic
response had occurred. A negative result was reported if less
than five net nuclear grain: counts were observed at the highest
noncytotoxic dose.

*Rogers, A.W. (1873) In: Techniques of Autoradiography.
Elsevier Sci. Pub. Co., p. 218.
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'rhe anthors reported that cytotoxicity was not observed when
the HPC cells were exposed to the highest concentrations of JIE-
1020 used ‘and that none of the net grain counts/nucleus exceeded
a value of 5. The highest net grajn value for the test
material was 1.4 + 0.5 (1.25 x 10"~ mg JIN-1020 per mL) while
the nagativc control. values were 0.3 + 0.5, 0.3 + 0.1, 0.2 + 0.3,
and 0.4 + 0.4 for DMSO, 0.1N NaOH, untreated cell culture, and
pyrene, respecti.vely. .The positive control, B{a)P, gave a net
grain’ connt"at 22 9 * ‘9. 7. ‘Hence, sensitivity of the assay vas
adequat T ,

npcnjm\
ua

) repair assay, no. qenotoxzcity was inducgd by treatment
JJN-lozo at conccutrations from 1.25 x 107 to 1.25 x

3.1!!-1020) + glyphosate, gid not induce DNA damage at
ions between 1.25 x 107> and 1.25 x 10~ ! mg/mL. )

slé&uigﬁm Unacceptable
1. No preliminary toxicity testing,

or ’dose ‘ selectz.on, and

‘Stated to have been tested up to solubility limit, but
no data or documentation presented.
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DATA EVALUATION REPORT.

Study Type: 84-4, Other Genotoxic Effects, TOX Chem. Ho.: 661a
: Rec~Assay in B. subtilis

Accession Number: N/A- - - MRID Ho.: 00078619

Test Material: Glyphosate, technical; 98.4% purityv
Synonym: CP67573 S = . ' .

Study Number: None

Sponsor: nonsanto Conpany, St. Louis, 10O

Tésting Facility: Instltute of Environmental Toxicology, Japan

Ti£1é 6f Report: Microbial Hutagen1c1ty ;estlng on CP67573
' S (Glyphosate) .

Authors: Y. Shirasug 4, ﬂor1ya, T. Ohta

Report Issued: July 20, 1978

Conclusxons.

~ Glyoaosate technxcal ‘was nejative for mutagenicity up to_
2000 ug/disk_in the rec-assay with Bacillus subtilis H17 (rec )}
and M45 (rec ) and in the reverse nmutation assavys with and
without S-9 up to 5000 ug/plates (or toxicity) employlng
Escherlchia coli WpP2 hcr'and Salmonella typhimurium TA strains
(TAI535, TAl1537, TA1538. TAIOO, and TA98) as tester strains.

Classification: Acceptable

Spec1a1 Review Cr1terla (40 CFR 154.7): /A

Note. Dra Ix:v Lng

: ‘geneticist, screened these studies
for acceptabihty.', e
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Methods:

" Standard methods wer~ employed.

Results:

1. Rec~ASséz - As shown in the Table below, glyphosate did
- not -show ‘any inhibitory zone in H17 and M45 at all the

tested d

ose

s of 20 to 2000 ug/disk.

‘The positive control, Mitomycin C, caused an 11 mn
difference in the length of the inhibitory zones of the
two strains. - . -

The negative control, Kanamycin, included similar lengths of
inhibitory zones in the two strains.

;HReé§AsSay With B. subtilis M45 and H17

ug/Disk

Inhibition Zone (mn)

Difference _

compound s §i7 (an)

Control 0 0 .

(DI1S0)

CP67573 0 . .
0 0 0
0 0 o
0 0 o
0 0 p
0 0 o

Kananycin . . 10 7 5 ,

Mitomycin C ) 11 o L

2. . Revers

=9.

<
<y
LY

ion’Assay (gene mutation) - As shown in the
jlyphosate did not induce any significant
> ‘nunbers of revertant colonies of any

e control values, either in the presence



The positive controls, in contrast, inducea reverse
mutations in the tester strains.

aeverse Mutation Tests With aad Without a Liver
Metabolic Activation System

L AL

Revertant Colonies/Plate

Compound _g_q/Plate s-9

Mix WwP2 hcr  TA1535 TA100 TA1537 TA1538 TASS8
Control : - 20 6 167 9 10 24
(4,0) . 24 14 129 10 13 23
CP67573 10 - 22 2 130 3 17 27
21 5 160 7 24 28
-1 - ’ 12 5 151 s 15 23
, 25 5 159 6 15 &0
160 - 18 4 143 8 17 20
20 5 160 8 24 20
500 - 21 3 118 11 7 31
26 1 143 9 15 24
1000 - 15 9 87 3 18 =
18 12 120 10 12 23
5000 - - 6 58 3 6 =5
o = 6 87 3 7 3
Control
(4_0) + 17 6 139 7 8 22
2 : 22 5 140 s 11 15
CPe7573 v 10 + 25 4 110 3 16 19
A 13 1 135 3 11 23
50 + 27 9 123 7 13 23
22 5 131 g 17 5
100 + 33 5 125 11 18 2
) ' 17 7 115 6 14 20
S00 + S 3 133 12 15 13
30 3 111 5 i 26
1000 o+ 29 11 97 11 20 s
T s - 24 4 88 7 11 23
5000 L 4 , 25 5 51 6 11 19
' ’ e PRI 34 7 36 3 15 zz
~N
~,
£Gi12




EE pmmith
¥

o8
%
.

009614

Reverse Mutation Tests With and Without a Liver
Metabolic Activation System (cont’d)

Compound g_g/Plate' - 8~9

Revertant Colonies/Plate

.. Mix  WP2 hcr TA1535 ~  TA10U TA1537 TA1538  Ta98

2-amino=- ET N . 23 8 179 18 23 40
anthracene Ny 16 1 s2e1 13 21 48
10 + 98 376 > 3000 370 > 3000 > 3000

: 79 335 > 3000 388, > 3000, > 0

- 16722 315° 1024° 10000% > 3000° 3:?

2272 iss 1150 10000 > 3000 296

Ar—z 0.25 ig/plate
cs-ptopxolactone 50 ug/pldte
AF-2 0.05 ug/plate

*Toxic

9-aminoacridine 200 ug/plate
~-nitrofluorene 50 ug/plate
AF-2 0.1 ug/plate




