


SUMMARY

The potential for glyphosate to induce chromosomal
aberrations in the bone marrow cells of Sprague-Dawley
rats was tested. Glyphosate was administered via
intraperitoneal injection toO male and female rats at a
dosage of 1.0 g/kg body weight. Treatment periods were 6,
12 or 24 hrs. No significant increases in chromosomal
aberrations were observed in the bone marrow cells at any
of the time points tested. The results of this test
suggest that glyphosate does not have the potential to
produce clastogenic effects in mammalian cells.
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neutralized with 1 N sodium hydrcﬁ\;‘cc:?_rébep\hfc'é' RERE 7.0,
The final solution was a clear solution. The positive
control, cyclophosphamide, was purchased from Sigma
Chemical Company, St. Louis, Missouri. Cvclophosphamide
was dissolved also in HBSS for testing. The glyphosate
test solutions were made within 24 hours of the day of
testing.

Animals

The animals used in this study were male and female
Sprague-Dawley rats (Crl: CD®(SD)BR) (Trademark of
Charles River Breeding Laboratories, Wilmington, MA)
obtained from Charles River Breeding Laboratory, Portage,
MI. Following delivery to the EHL by truck, the animals
were quarantined for seven days, during which time
individual ear tags were applied. The animals were housed
in stainless steel mesh cages suspended over absorbant
paper bedding. On the day of test material
administration, the rats were approximately 9 weeks old.
All animals were considered to be in excellent health at
the initiation of the study.

Animals were selected for the different test (or control)
groups by a computer-generated random number scheme., Each
animal was identified by its ear tag and a corresponding
bar-coded cage card. Water (supplied by the public water
system of St. Louils, MO) was provided ad libitum via an
automatic watering system. Purina Laboratory Rodent Chow®
No. 5002 (Trademark of the Ralston-Purina Company, St.
Louis, MO) was used as the diet and was provided ad
libitum, except for a 14-24 hour fasting prior to dosing.
This diet has been determined to be adequate for the
maintenance of laboratory rodents used in acute studies.
No contaminants were reported by the vendor that were
likely to interfere with study conduct. The animals were
housed in guarters designed to routinely maintain a
12-hour light cycle, a temperature between 70 and 74
degrees F, and relative humidity between 35 and 60%.

Administration of Test Chemical

A volume of 10 ml per kg of HBSS (solvent control) or the
100 mg/ml glyphosate solution was injected intraperi-~
toneally into each of the experimental animals. The final
treatment doses were 0 and 1000 mg glyphosate per kg body
weight. A volume of 1 ml/kg of 25 mg/ml of cyclophos-
phamide was similarly injected as the positive control,
yielding a final dose of 25 mg/kg.
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The different treatment groups are tabulated below:

No. of Animals
Sacrifice Times

6 hr 12 hr 24 hr
Treatment Male Female Male Female Male Female
Solvent (HBSS) 6 6 6 6 6 6
1 g/kg
glyphosate 6 6 6 6 6 6
25 mg/kg '
cyclophosphamide 6 6 6 6 6 6

The rats were fasted for 14-24 hours before the
administration of test substances.

Preparation of Bone Marrow Cells

The animals were injected with 2 mg/kg of colchicine 4, 10
and 22 hours after the administration of glyphosate,
solvent or positive control. Two hours later (6, 12 or 24
hours after test chemical or solvent control
administration), the animals were sacrificed by C0,
asphyxiation and severance ¢of the spinal cord. Marrow
were aspirated from each femur into a 5 ml syringe
containing 2 ml of HBSS. The contents of each syringe
were added to 5 ml of HBSS in a plastic centrifuge tube.
Syringes and centrifuge tubes containing HBSS were kept in
an incubator at 379C until shortly before use for slide
preparation for the scoring of chromosomal aberrations.

Slide Preparation

The bone marrow cells were fixed for slide preparation.
For fixation, cell suspensions were pelleted by
centrifugation (700 x g, 10 min) and the supernatant
solution discarded. One ml of 0.075 M RKCl (warmed to
370C) was added to each tube, the pellet was gently
disrupted, another 3 ml of KCl was added, and gross debris
removed. The tubes were incubated in a 370C water bath
for 30 min before 1 ml of chilled
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4. Chromatid-type aberrations:

a) Chromatid deletions

b) Isochromatid deletions
c) Chromatid interchanges
d) Chromatid intrachanges

. Achromatic lesions (gaps)
Number of aneuploid cells
. Location of cells with aberrations

~aw

Statistical Analysis

The student's t test was used for data analysis.
Treatment samples were considered statistically different
from controls if the probability value (p) to be the same
as control was < 0.05.

RESULTS

Chromatid-type aberrations were observed both in the
solvent control and glyphosate groups at low frequencies,
Chromatid deletions, the most freguent category, was
observed at a frequency of approximately 1%. At the 6 hr
sampling time, glyphosate treatment did not induce higher
frequency of chromatid deletions above the solvent
control. There were 7 chromatid deletions in 600 cells
(male and female) in the solvent control group and 6 in
600 cells in the test compound group (Appendix I, Table
l). PFor the 12 hr sampling times 2 chromatid deletions
per 575 cells and 5 per 577 cells were observed for
solvent control and glyphosate treatment, respectively
(Appendix I, Table l1). At the 24 hr sampling time, 4
chromatid deletions per 565 cells and 7 per 492 cells were
observed for the solvent control and glyphosate treatment,
respectively (Appendix I, Table 1). The slightly higher
frequencies for the glyphosate treatment group at the 12
hr and 24 hr sampling times were not statistically
significant (p > 0.05) from the control frequencies
(Appendix I, Table 2).

Achromatic lesions are not considered to be chromosome
aberrations, but were recorded to show that they were
distinguished from chromatid aberrations (Appendix I,
Tables 1-3; Appendix II, Tables 1-3)., However, the
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frequencies were still compared in test compound and
solvent control groups. There were no significant
differences in achromatic lesion frequency between the
glyphosate and solvent treated groups for any of the
sampling times (Appendix I, Table 2).

The response to the positive control was scored at the 24
hr sampling time. Because of the apparently high
cytotoxicity of cyclophosphamide towards bone marrow
cells, only 256 cells were available for scoring in the
male animals and only 21 cells were scored in the female
animals. Nevertheless, high frequencies of chromosomal
aberrations induced by cyclophosphamide were observed
(Appendix I, Table 1),

No chromosomal-type aberrations were observed in the
glyphosate-treated groups (Appendix II, Tables 1-3).

DISCUSSION

A high concentration of glyphosate (1 g per kg body
weight) was administered via an effective route for
absorption, intraperitoneal injection, into male and
female Sprague-Dawley rats. No sicnificant induction of
chromosomal aberrations was observed.

The present study therefore suggests that glyphosate does
not have significant clastogenic effects in mammalian
cells,

The dose used in this study (1.0 g/kg) was the maximum one
could effectively administer into the test animals based
on the solubility of glyphosate and the amount of fluid to
be injected into a rat.

lc/6216A~4
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Table 1

Table 2

APPENDIX 1

Summary of Results

Chromosomal Aberration Frequencies Observed in
Rat Bone Marrow Cells Treated with Solvent
Control, Glyphosate (1 g/kg) or Positive Control
Cvclophosphamide (25 mg/kg)

Statistical Analysis of Data
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Table 1

Chromogsomal Aberratlion Frequencles Observed In Rat Bone Marrow Cells
Treated with Solvent Control, Glyphosate (1 g/kg) or Positive
Control Cyclophosphamide (25 mg/kg)

Number Chromatid Chromatid Chromatid Achromatic
of Cells Normall Deletions? Interchanges Intrachanges Lesions3

A. 6 hr Sampling Time

Vehl cle Control
Male
Female
Total

Test Compound
Male
Female
Total

B. 12 hr Sampling Time

Vehicle Control
Male
Female
Total

Test Compound
Male
Female
Total

300 296 3 1 0 0
300 292 4 0 0 5
600 588 7 1 0 5
300 293 3 0 0 6
300 291 3 0 0 6
600 584 6 0 0 12
300 297 1 0 0 2
275 271 1 0 0 1
575 568 2 0 0 3
300 294 K} 0 0 3
277 270 2 0 0 6
577 564 5 0 0 9
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Aneuploid
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13
22
35

21
22
43

17
3t
48

21
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Table 1 {Cont.)

Chromosomal Aberration Frequencies Observed in Rat Bone Marrow Cells
Treated with Solvent Control, Glyphosate (1 g/kg) or Posltive
Control Cyclophosphamide (25 mg/kg)

Number Chromatid Chromatid Chromatid Achromat!c Aneuploid
of Cells Normall Deletions2 Interchanges Intrachanges LesionsJ Cellsh

C. 24 hr Sampling Time

Vehicle Control

Male 300 294 1 O 0 3l 19
Female 265 259 3 0 0 5 27
Total 565 - 555 4 0 0 8 46
Test Compound
Male 192 190 2 a 0 0 13
Female 300 289 5 0 0 6 22
Total 492 479 7 0 0 6 35
Positive Control
Male 256 148 217 76 6 34 22
Female 21 16 14 1 0 3 1
Total 277 164 231 77 6 37 23
INumber of normal cells includes aneuploid cells.
2This category includes chromatid deletions, isochromatid deletions,
and chromosome-type terminal deletfons (Iindistinguishable from
1sochromatid deletions). )
3Achromatic lesions are not considered to be aberrations. They are recorded to
indicate that a distinction was made hetWeen deletions and
achromatic lesions.
4Almost all aneuploids were minus one chromosome, and since
- glides had been flamed these cells were considered to be CONTAINS TRADE SICREL ol
technical artifacts. OFHERWISE CONFIDENTIAL .

INFORMATION OF

OMPANY
Note: Chromosome-type Interchanges and Intrachanges not observed. MONSANTO COM




Table 2

Statistical Analysis of Datal

A. Chromatid Deletions

Observed Freduencies2

Sampling Time Control Glyphosate p3
12 hr 0.0035 0.0087 0.26
24 hr 0.0071 0.0142 0.26

B, Achromatic Lesions

Observed Frequencies?

Sampling Time Control Glyphosate p3
6 hr 0.0083 0.020 0.08
12 hr 0.0052 0.016 0.08

lperformed only on data where the observed frequency
for glyphosate treatment was higher than that of the
solvent control.

2No. of aberrations - no of cells scored.

3probability to be the same as solvent control as
determined by the student's t test,

CONTAINS TRADE SECRET OR
OTHERWISE CONFIDENTIAL
INFORMATION OF
MONSANTO COMPANY

EHL 830083
PAGE AT 4 o —




APPENDIX II

Individual Animal Data

Table 1 Chromosomal Aberration Frequencies Observed at
the 6 hr Sampling Time

Table 2 Chromosomal Aberration Frequencies Observed at
the 12 hr Sampling Time

Table 3 Chromosomal Aberration Frequencies Observed at ‘I’
the 24 hr Sampling Time
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Table 1

Chromosomal Aberration Frequencies Observed at the 6 hr Sampling Time

A B C D E F G H I J K

A. Solvent Control

Male: M0001 50 49(50) 0] 0] 0 0 0 0 0] 0]
M0003 50 47(50) 0 0 0 0 0 0 0 0
MO004 50 48(50) 0 0 0 0 0 0 0 0
M0019 50 43(48) 0 0 0 1 0 1 0 0
M0024 50 47(49) 0 0 0 1 0 0 0 0
M0025 50 49(49) 0 0 0] 1 0 0 0 0

Female: F0o002 50 45(47) 0 0 0 i 1 0 0 1
FG003 50 45(48) 0 0 1 0 0 0 0 1
FO004 50 44(49) 0 0 0 0 0 0 0 1
FOOll 50 46(50) 0] 0 0 0 0 0 0 0
FOO13 50 44(48) 0 0 0 0_ 1 0 0 2
F0018 50 46(50) 0 0 0] 0 0 0 0 0

B. 1 g/kg glvphosate treatment

Male: M0002 50 48(50) 0 0 0 0 0 0 0 0
M0005 50 47(49) 0 0 0 0 0 0 0 1
M0007 50 45(49) 0 0 0 0 0 0 0 1
MO008 50 41(47) 0 0 0 1 0 0 0 3
M0009 50 45(49) 0 0 0 1 1 0 0 0
M0011 50 46(49) 0 0 0 0 0 0 0 1

Female: F0001 50 47(48) 0 0 0 0 0 0 0 2
FO005 50 43(49) 0 0 0 0 0 0 0 1
FOO08 50 45(049) 0 0 0 0 0 0 0 1
F0009 50 &4(4T) 0 0 0 1 0 0 0 2
FOO012 50 46(49) 0 0 0 0 1 0 0 0
FOOl4 50 44(49) 0 0 0 1 0 0 0 0

AAnimal Number

BNo. of Cells Scored

CNormal (Normal + Aneuploid)

Dpicentric CONTAINS TRADE SECRET OR

?gﬁ:&mosome beletions OTHERWISE CONFIDENTIAL

GChromarid Deletions INFORMATION OF

Hrgochromatid Deletioms MONSANTO COMPANY

Ichromatid Interchanges

JChromatid Intrachanges

KAchromatic Lesions

Laneuploid
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Table 2

PAGE AII 3

Chromosomal Aberration Frequencies Observed at the 12 hr Sampling Time
A B C D E F G H 1 J K L
A. 5Solvent Control
Male: M0032 50 47(50) 0 0 0 0 0 0 0 0 3
M0033 50 46(49) 0 0 0 0 0 0 0 1 3
M0038 50 43(48) 0 0 1 0 0 0 0 1 5
M0041 50 47(50) 0 0 0 0 0 0 0 0 3
M0043 50 49(50) 0 0 0 0 0 0 0 0 1
M0OO045 50 48(50) 0 0 0 0 0 0 0 0 2
Female: FO026 50 46(49) 0 0 0 0 0 0 0 1 3
F0028 50 44(47) 0 0 0 1 0 0 0 0 3
FQ029 50 43(50) 0 0 0 0 0 0 0 0 7
F0039 50 47(50) 0 0 0 0 0 0 L 0 3
F0040 25 20(25) 0 0 0 0 0 0 0 0 5
FO045 50 40(50) 0 0 0 0 0 0 0 0 0
B. 1 g/kg glyphosate treatment
Male: M0O012 50 47(49) 0 0 0 0 0 0 0 1 2
M0013 50 42(48) 0 0 0 0 1 0 0 1 6
MOO15 50 42(49) 0 0 0 0 0 0 0 1 7
MO016 50 49(49) 0 0 0 0 1 0 0 0 0
M0018 50 49(50) 0 0 0 0 0 0 0 0 1
M0022 50 44(49) 0] 0 0 1l 0 0 0 0 5
Female: F0019 50 45(48) 0 0 0 0 1 0 0 1 4
F0025 50 48(50) 0 0 0 0 0 0 0 0 2
F0027 27 22(25) 0 0 0 0 0 0 0 3 4
FOO030 50 46(49) 0 0 0 0 0 0 0 1 3
F0032 50 45(48) 0 0 0 1l 0 0 0 1 3 -
FOQ33 50 45(50) 0 0 0 0 0 0 0 0 5
Apnimal Number
BNo. of Cells Scored
CNormal (Normal + Aneuploid)
Dpicentric CONTAINS TRADE SECRET Ok
~ERing OTHERWI!SE CONFIDENT: AL
FChromosome Deletions INFORMATION OF
GChromatid Deletions MONSANTO COMPANY
BIsochromatid Deletions ‘
Ichromatid Interchanges
JChromatid Intrachanges
Achromatic Lesions
LAneuploid
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Table 3

Chromosomal Aberration Frequencies Observed at the 24 hr Sampling Time

A B C D E ¥ G H 1 J K L

‘A. Solvent Control

Male: M0048 50 48(50) 0 0 0 0 0 0 0 0 2
M0049 50 45(48) 0 0 0 1 0 0 0 1 3
M0Q56 50 45(50) 0 o 0 0 0 0 0 0 5
MO058 50 46(50) 0 0 0 0 0 0 0 0 4
M00Q59 50 48(50) 0 0] 0 0 0 0 0 0] 2
M0O060 50 45(48) o] 0 0 0 0 0 0 2 3
Female: F0048 33 32(33) 0 0 0 0 0 0 0 0 1
FOO054 50 44(50) 0 0 0 0 0 0 0 0 6
. F0O056 50 48(49) 0 0] 0 o] 1 0 0 0 1
o FOO57 50 40(48) 0 0 0 0 1 0 0 1 9
FO058 32 26(29) 0 0 0] 1 0 0 0 4 3
FDO60 50 43(50) 0 0 0 0 - 0 0 0 0 7

B. 1 g/kg glyphosate
Males: M00Q29 10 9(10) 0 0 0 0 0 0 0 0 1
M0035 5 3(5) 0 0 0 0 0 0 0 0 2
M0039 27 26(27) 0 0 0 0 0 0 0 0] 1
M0O040 50 49(49) 0 0 0 1 0 0 0 0 0
M0044 50 43(49) 0 0] 0] 0 1 0 0 0 6
M0O057 50 47(50) 0 0 0 0 0 0 0 0 3
Female: F0038 50 45(48) 0 0 0 1l 1 0 0 0 3
FO042 50 46(49) 0 0 0 0 0 0] 0 1 3
F0049 50 40(46) 0 0 0 0 0 0 0 4 6
FOO051 50 46(50) 0 0 0 0 0 0 0 0 4
. F0O052 50 43(48) 0 0 0] 1 1 Q 0 0 5
FO0O055 50 47(48) 0 0 0 0 1l 0 0 1 1
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Table 3 (Cont.)

Chromosomal Aberration Frequencies Observed at the 24 hr Sampling Time

A B C D E F G H I J K L

C. Positive Control (25 mg/kg cyclophosphamide)

Male: MO046 50 21(25) 0 0 0 -25 13 25 1 5 4
M0047 23 13(14) 0 0 0 8 5 2 1 3 1
MOQ50 50 30(35) 0 0 0 22 8 7 0 2 5
M0051 50 31(35) 0 0 0 19 6 7 0 4 4
MOO053 51 24(28) 0 0 0 40 25 20 3 9 7
MO054 32 10(11) 0 0 0 24 22 15 1 1 1

Female: F0041 1 oL 0 0 0 0 0 0 0 0 1
F0043 6 6(6) 0 0 0 0 0 0 0 0 0
F0O047 1 1(D) 0 0 0 0 0 0 0 0 0
FOO050 4 0(0) 0 0 0 10 4 1 0 2 0
FOO053 1 0(0) 0 0 0 0] 0 0 0 1 0
FO059 8 8(8) 0 0 0 0 D 0 0] 0 0

Apnimal Number

BNo. of Cells Scored

CNormal (Normal + Aneuploid)

DDicentric

ERing

FChromosome Deletions

GChromatid Deletions

Hisochromatid Deletions

Ichromatid Interchanges

JChromatid Intrachanges

KAchromatic Lesions
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