


CONTAINE TRADE SECRET TF
OTHERWISE CONFIDENT: AL
INFORMATION OF
MONSANTO COMPANY

sample were incubated in medium containing 6- -thioguanine
for 8-12 days. Cloning efficiency (control surv1val) of
the cells was determined by plating 200 cells in medlum
without 6-thioguanine.

Cloning Efficiency (C.E.) = Noﬁoéfogegiéogigied

After the 8«12 day incubation with 6-thioguanine,
resultant colonies (representing mutations) were fixed,
stained and counted. The results were expressed as
mutant frequency (M.F.).

No. of Mutant Colonies « 1
No. of Cells Plated C.E.

Mutant Frequency (M.F.) =

Statistical analysis of the data was based on methods
published by Snee and Irr (Mutation Research, 85:77-93,
1981). The analysis consisted of transformation of the
data followed by an analysis of wvariance for linear
trend and a pair-wise comparison of control and treated
mutant frequencies by a modified Student's t-test.

Results

The results of the preliminary toxicity test showed
that glyphosate concentrations of up to 25 mg/ml did
not consistently produce 90% cytotoxicity, but 30 mg/ml
consistently resulted in greater than 90% cell death.
Thus the range of 20-25 mg/ml was selected as the high
concentration for the subsequent experiments.

Experiments with wvarious (0-10%) S$-9 concentrations
yielded no statistically significant increases in
mutation frequency at glyphosate concentrations up to
22.5 mg/ml.

The ‘concentrations used in the final mutation induction
assay were 0, 2, 5, 10, 15 and 20 mg/ml glyphosate with-
out metabolic activation and 5, 10, 15, 20 and 25 mg/ml
glyphosate with 5% S-9 fraction. Mean survival ranged
from 38% to 100% in the absence of S-9 and 46% to 100%
in the presence of S-9. There were no statistically

significant increases 1n mutation frequency at any

glyphosate concentration level with or without metabolic
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SUMMARY

Glyphosate was tested for potential mammalian mutagenicity
in cultured Chinese hamster ovary (CHO) cells. The CHO
cells were treated with high concentrations (2-25 mg/ml)
of glyphosate in both the absence and presence of
exogenous activating system (Aroclor 1254-induced rat
liver homogenate). No significant induction of mutation
at the hypoxanthine-guanine phosphoribosyl transferase
locus in CHO cells was observed.

CONTAINS TRADE SECRET OK
OTHERWISE CONFIDENTIAL
INFORMATION OF
MONSANTO COMPANY

EHL 830079
PAGE 2




Table of Contents

SUMMARY
INTRODUCTION

MATERIALS AND METHODS
Test Materials
Cell Culture
Cytotoxicity Determination
Mutagenesis

Activation System
Statistical Analysis

EXPERIMENTAL DESIGN
Dose-Response in Mutagenicity at
Different Aroclor 1254-Induced
Rat Liver Homogenate (S9)
Concentrations

Confirmation of Dose-Response
Relationship in Mutagenicity

RESULTS

DISCUSSION AND CONCLUSION
GENERAL INFORMATION
REFERENCES

QUALITY ASSURANCE STATEMENT

Appendix I - Data Summary
Appendix II - Individual Test Results

EHL 830079
PAGE 3

Page

FS

(Ao B MU RO I

10

12




INTRODUCTION

The purpose of the study was to evaluate the possible
mammalian mutagenicity of the test chemical, glyphosate,
using a widely-accepted mammalian mutation assay,
CHO/HGPRT. The potential for glyphosate to induce forward
mutation at the hypoxanthine guanine phosphoribosyl
transferase (HGPRT) gene locus, as indicated by the
induction of 6-thioguanine (6TG) resistant mutants, was
determined. The CHO/HGPRT assay has been shown to be
sensitive to a wide variety of chemical and physical
mutagens. These mutagens include alkyl sulfonates
(O'Neill et. al. 1979; Couch, et. al., 1978), polycyclic
aromatic hydrocarbons (Machanoff et. al, 1981),
nitrosamines (0'Neill et. al, 1982), nitroaromatics (Li
and Dutcher, 1983), organometalllcs (Li et. al., 1982)
heterocylic nitrogen mustards (O'Neill et al, 1978),
radiations (Hsie et. al., 1977; Yuhas et al, 1979), and
complex environmental pollutant mixtures (Li et. al,
1983). The assay has been recently reviewed by the EPA
Gene-Tox program (Hsie et. al. 1979).

This study was conducted at the Monsanto Company
Environmental Health Laboratory (645 S. Newstead,

St. Louis, MO 63110). The protocol was signed by the
study director on June 14, 1983. Experimental work was
initiated on June 21, 1983, and completed on

September 9, 1983.

MATERIALS AND METHODS

Test Materials

Glyphosate (Environmental Health Laboratory sample no.
T830044), a white powder, was submitted by the sponsor and
received at EHL on June 20, 1983, and was indicated to
have a purity of 98.7%. The material was stored at room
temperature as recommended. Solutions of the material
were made by resuspending the glyphosate in medium (Ham's
F12 V medium from K.C. Biological) and neutralized with 1
N sodium hyvdroxide to a pH of 7.0 - 7.4. The final
solution was a clear solution. Test solutions of
different concentrations were diluted from the stock
solution, All glyphosate solutions were prepared on the
day of testing. The positive controls were benzo(a)pyrene
(B(a)P) and ethyl methane sulfonate (EMS) and were used
with and without metabolic activation, respectively. They
were obtained commercially from Sigma Chemical Company,
St. Louis, MO.
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There were no known deviations from the standard operating
procedures or circumstances which might have affected the
quality and integrity of the results,

EXPERIMENTAL DESIGN

The experiments performed to determine the mutagenicity of
the test chemical are described below:

A.

Dose—-Response in Mutagenicity at Different Aroclor

1254-Induced Rat Liver Homogenate (S9)

Concentrations: This experiment was designed to yield

the following useful information: (1) an initial
estimation of mutagenic potential, and (2) the
possible optimum S9 concentration for mutagenicity.
Doses of the test chemical estimated to vield
approximately 100%, 50%, and 10% relative survival
were used at S9 concentrations of 0, 1, 2, 5 and 10%.
Duplicate treatment samples per dose were used,

The doses were chosen based on the results of an
initial range finding study on the cytotoxicity of the
test material (data not shown).

Confirmation of Dose-Response Relationship in

Mutagenicity: This experiment served as the final

definition of the mutagenicity of the test chemical,
using information obtained from Exp. A. Five doses of
the test chemical, estimated to yield cell survival of
approximately 100%, 70%, 50%, 20%, and 10%, were
tested without activation, and with activation using
the optimum S9 concentration as determined above. 1If
no mutagenicity was observed in Exp. A, 5% S9 would be
used as a representative S$9 concentration.

RESULTS

The initial range-finding experiment showed that
approximately 90% cell-killing was observed between 20 and
25 mg/ml of glyphosate (data not shown). Thus, glyphosate
was tested up to 22.5 mg/ml in Exp. A, and 25 mg/ml in

Exp -

B'
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Initial determination of the mutagenic potential of
glyphosate in CHO cells at different S9 concentrations
demonstrated glyphosate related cytotoxicity at all the S9
concentrations tested. (Appendix I, Table 1; Appendix II,
Table 2). However, none of the samples treated with
glyphosate exhibited statistically higher mutant frequency

than control (p > 0,05).

The lack of significant mutagenicity of glyphosate in CHO
cells was confirmed by a different experiment examining a
greater number of glyphosate concentrations. (Appendix I,
Table 2; Appendix II, Table 2). None of the samples
treated with glyphosate exhibited statistically
significant (p > 0.05) higher mutant frequency than the
negative control., No statistically significant (p > 0.05)
dose~response relationship (either linear, quadratic or
higher order) between dose and mutant frequency was
observed.

The positive mutagens EMS and B(a)P yvielded large
increases in mutant frequency in concurrent experiments
(Appendix I, Table 4), therefore demonstrating the
adequacy of our experimental conditions.

DISCUSSION AND CONCLUSION

The test material, glyphosate, was shown to be cytotoxic
to CHO cells at high concentrations (> 10 mg/ml). At
similarly high concentrations, however, no significant
mammalian mutagenicity, as demonstrated by its inability
to induce mutation at the HGPRT gene locus of CHO cells,
was observed.

The concentrations of glyphosate used in our study were
much higher than the concentrations human cells would be
exposed to under normal conditions of exposure, e.g. a
test concentration of 20 mg/ml would represent a dose of
20 g/kg distributed uniformly throughout the body.
Therefore, based on the results of this study, glyphosate
does not appear to be a mammalian mutagen.
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GENERAL INFORMATION

The protocol, raw data, and final report for this study
are located in the archives of the Environmental Health
Laboratory.

Data concerning the composition of the test material are
located in the files of the Department of Medicine and
Environmental Health, Monsanto Company. No unusual
stability problems have been reported to the study
director.

lc/6147A-4
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APPENDIX I

DATA SUMMARY

Cytotoxicity and Mutagenicity of Glyphosate as
a Punction of S9 Concentrations

Cytotoxicity and Mutagenicity of Different
Concentrations of Glyphosate in the Absence
and Presence of 5% S9

Dose~Response Relationship of the Mutagenicity
of Glyphosate in the Absence and Presence of
5% s9

Mutagenicity of Positive Controls
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Cytotoxicity and Mutagenicity of Glyphosate as a.
Function of S9 Concentrations

Mutagenicity
Cytotoxicitya Mutant FregquencyQl
Treatment (R.S.) x 10-6 pC
A. No 89
Medium Control 1.0 7.4
Glyphosate:
5 mg/ml 1.10 7.1 0.9824
17.5 mg/ml 0.64 15.4 0.2688
22.5 mg/ml 0.11 5.3 0.6858
B. 1% s9
Medium Control 1.0 5.9
Glyphosate:
5 mg/ml 1.12 4,3 0.6695
17.5 mg/ml 0.69 11.6 0.3470
22.5 mg/ml 0.25 19.1 0.1796
C. 2% S9
Medium Control 1.0 7.1
Glyphosate:
5 mg/ml 1.0 8.6 0.7108
17.5 mg/ml 0.77 8.1 0.7860
22.5 mg/ml N.44 10.2 0.4204
D. 5% 89
Medium Control 1.0 4.4
Glyphosate:
5 mg/ml 1.08 6.4 0.5897
17.4 mg/ml 0.84 6.9 0.7184
22.5 mg/ml 0.67 8.5 0.3809
E. 10% 59
Medium Control 1.0 9.1
Glyphosate:
5 mg/ml 1.02 10.5 0.8841
17.5 mg/ml 0.37 16.3 0.4730
22.5 mg/ml 0.18 9.7 0.6935

asurvival relative to solvent control (average of duplicate
treatments).
bMutants per 106 clonable cells (average of duplicate
treatment(s).
CProbability to be the same as control as determined by the
statistical method of Snee and Irr (198l) after data
transformation.
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Table 2

Cytotoxicity and Mutagenicity of Different Concentrations

of Glyphosate in the Absence or Presence of 5% S9

Mutagenicity
Cytotoxicitya Mutant Frequencyb
Treatment (R.S.) x 10-6 p<
A. No 59
Medium Control 1.0 11.3
Glyphosate:
2 mg/ml 0.99 3.5 0.1789
5 mg/ml 0.93 11.3 0.9994
10 mg/ml 0.90 10.8 0.6314
15 mg/ml 1.04 20.8 0.5318
20 mg/ml 0.38 10.1 0.9“5
B. 5% S9
Medium Control 1.0 7.7
Glyphosate:
5 mg/ml 1.15 5.7 0.8536
10 mg/ml 0.99 13.1 0.9040
15 mg/ml 1.13 9.9 0.9552
20 mg/ml 0.97 14.9 0.4811
25 mg/ml 0.46 13.1 0.7291

agurvival relative to solvent control (average of duplicate
treatment).

bMutants per 106 clonable cells (average of duplicate
treatments).

CProbability to be the same as control as determined by the
statistical method of Snee and Irr (1981) after data
transformation.
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Table 3

Dose-Response Relationship of the Mutagenicity
of Glyphosate in the Absence and Presence of 5% S9

Probability*
Treatment Linear Quadratic Higher Order
Glyphosate, without S9 0.38 0.84 0.31
Glyphosate, with 5% S9 0.47 0.94 0.93

*Probability that dose-response is not present as analyzed
by the Snee and Irr statistical method (Snee and Irr, 1981)
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Table 4

Mutagenicity of Positive Controls

Average Mutant Fregquency

Treatment A* B**

l. No Ss9

Medium Control 7.4 11.3

EMS, 200 ug/ml 163.7 135.4
2. 1ls s9

Medium Control 5.9

B(a)P: 2 pg/ml 353.1
3. 2% 589

Medium Contrel 7.1

B(a)P: 2 ug/ml 185.9
4, 5% S9

Medium Control 4.4 7.7

B(a)P: 2 ug/ml 121.2 76.8
5. 10% S9

Medium Control 9.1

B(a)P: 2 ug/ml 95.3

*performed with the experiment to determine the cytotoxicity and
mutagenicity of glyphosate as a function of S9 concentrations
(Appendix II, Table 1).

**performed with the experiment to determine the cytotoxicity and
mutagenicity of different concentrations of glyphosate in the
absence or presence of 5% 59 (Appendix II, Table 2).
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Table 1 -

Table 2 -

APPENDIX II

INDIVIDUAL TEST RESULTS

Colony Counts for the Cytotoxicity and
Mutagenicity of Glyphosate as a Punction of
59 Concentrations

Colony Counts for the Cytotoxicity and
Mutagenicity of Different . Concentrations of
Glyphosate in the Absence or Presence of 5%
S9
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Table 1

Colony Counts for the Cytotoxicity and Mutagenicity

of Glyphosate as a Function of S9 Concentrations

Mutagenicity
Treatment Cytotoxicitya Selectionb survivalc
A. No &9
Medium Control 83,134,-d 0,2,1,2,2 139,132,123
151,140,-d 0,1,1,1,0 141,149,155,
Glyphosate:
5 mg/ml 140,144,131 0,3,0,1,0 161,157,148
139,146,147 1,1,1,2,1 116,129,148
17.5 mg/ml 88,108, 83 5,3,4,0,2 124,114,126
70,-4,71 0,1,3,1,0 133,125,118
22.5 mg/ml 12,12,10 0,1,0,1,1 91,101,911
20,-4,12 2,0,0,0,1 142,145,148
EMS: '.!
200 pg/ml 119,117,126 8,25,21,15,12 92,1217
104,116,-d ©12,12,17,29,20 108,90,101
B. 1% S9
Medium Control 115,136,127 0,0,1,1,1 156,157,145
124,155,149 1,2,0,0,3 156,147,145
Glyphosate:
5 1 4 6 1,0,0 9,139,169
mg/m Eg,iigfiﬁg 351:85052 %33:1525146
17.5 mg/ml ~d,110,94 1,2,4,0,4 177,153,170
. 67,93,86 2,0,1,1,3 138,137,143
22.5 mg/ml 41,30,42 1,0,0,0,4 136,116,136
32,27,32 5,3,5,1,1 109,154,132
B(a)P:
2 ug/ml 85,117,96 33,46,42,43,40 102,111,119
107,82,109 27,29,45,42,28 105,104,96
C. 2% 89 N
Medium Control 159,144,147 1,0,3,1,2 141,19 37
173,157,149 0,2,0,1,1 189,16W174
Glyphosate:
5 mg/ml 142,139,157 2,0,1,0,0 131,117,89
157,177,161 2,1,0,0,5 134,131,141
17.5 mg/ml 110,101,117 1,1,1,2,2 129,116,130
138,126,129 1,2,0,0,0 121,101,124
22.5 mg/ml 62,45,71 1,3,1,0,1 127,114,134
77,78,77 2,0,0,2,2 109,108,115
B(a)P:
2 ug/ml 69,96,88 17,17,22,15,18 100,93,90
60,72,68 19,23,18,14,19 100,105,98
EHL 830079
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Table 1

(Cont.)

Colony Counts for the Cytotoxicity and Mutagenicity
of Glyphosate as a Function of S$9 Concentrations

Mutagenicity
Treatment Cytotoxicitya Selectionb Survivalc
D. 5% 59
Medium Control 125,149,187 1,1,1,0,2 186,181,180
116,190,172 3,1,0,0,0 232,254,240
Glyphosate:
5 mg/ml 138,180,174 2,1,0,4,0 270,216,240
165,181,177 1,4,0,0,3 251,215,212
17.5 mg/ml 130,120,111 0,0,0,0,1 100,93,77
123,150,150 0,2,0,0,5 123,134,105
22.5 mg/ml 94,104,95 1,1,1,3,1 125,125,122
122,102,105 1,1,2,0,0 136,134,148
B(a)P:
2 ug/ml 92,105,96 14,12,19,11,22 117,111,108
61,49,32 9,13,7,25,14 141,118,136
E. 10% S9
Medium Control 139,145,156 0,1,1,1,2 122,113,117
134,177,176 1,2,3,0,0 125,114,130
Glyphosate:
5 mg/ml 160,151,178 1,1,1,2,0 137,118,135
148,135,174 1,2,2,2,2 123,148,133
17.5 mg/ml 60,56,52 0,2,1,5,0 95,78,88
58,62,60 4,3,1,1,1 143,158,112
22.5 mg/ml 29,22,30 2,2,2,3,5 156,153,157
27,31,21 0,1,0,0,0 137,139,118
B(a)P:
2 ug/ml 67,59,58 11,9,13,10,10 132,130,119
40,44,40 14,11,7,11,12 106,112,89

ANumber of colonies developed after plating of 200 cells per

plate, 3 plates/sample immediately after treatment

bNumber of colonies developed in selective medium after plating
of 2 x 105 cells/plate, 5 plates/sample, after the expression

period.

CNumber of colonies developed in medium without selective agent

after plating of 200 cells/plate,
expression period at the time of mutant selection.

3 plates/sample, after the

dpata unavailable due to contamination or drying of plates.
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Table 2

Colony Counts for the Cytotoxicity and Mutagenicity
of Different Concentrations of Glyphosate in the Absence or
Presence of 5% 89

Mutagenicity
Treatment Cytotoxicitya Selectionb SurvivalC€
A. No 89
Medium Control 96,127,102 0,1,5,0,1 141,140,166
86,91,114 1,0,1,2,0 150,161,161
102,91,110 7,0,2,3,2 144,137,149
Glyphosate: '
2 mg/ml 91,95,103 0,0,0,0,0 122,139,131
95,95,97 0,1,1,0,0 155,146,140
101,108,122 0,2,0,2,1 116,138,130
5 mg/ml 92,114,98 5,1,2,1,2 149,147,110
108,84,74 0,1,0,5,2 108,127423
102,99,82 0,0,0,1,2 149,141 54
10 mg/ml 85,88, 80 "4,0,1,6,0 160,171,146
100,91,97 1,5,2,1,5 137,151,162
80,94,114 0,0,0,0,0 134,146,133
15 mg/ml 114,108,108 3,7,7,5,3 138,141,135
118,107,83 3,3,2,5,3 145,161,142
120,96,98 3,06,0,0,0 125,144,103
20 mg/ml 14,12,12 2,2,1,2,3 157,120,129
59,54,51 0,0,0,1,1 145,134,140
48,49,53 4,3,1,1,0 135,148,137
EMS:
200 ug/ml 103,118,115 4,16,23,18,18 118,113,117
98,99,107 18,21,14,14,17 132,129,114
62,74,69 23,15,18,20,10 118,136,126
B. With 5% S9
Medium Control 102,85,125 1,0,0,0,2 134,161,150
102,107,90 2,3,2,3,1 136,143.151
94,106,75 0,0,0,0,3 140,13Q'isa
Glyphosate:
5 mg/ml 129,109, 84 1,0,1,1,1 132,144,156
91,118,-d 1,1,0,0,0 131,131,138
127,121,-4 0,2,2,1,1 137,145,-4
10 mg/ml 102,92,-4 0,0,0,0,0 -d,116,126
118,106,100 2,1,2,1,3 139,155,142
82,90,-4 4,2,4,3,6 139,169,111
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Table 2 (Cont.)

Colony Counts for the Cytotoxicity and Mutagenicity
of Different Concentrations of Glyphosate in the Absence or
Presence of 5% 59

Mutagenicity
Treatment Cytotoxicityd SelectionP SurvivalC
B. With 5% S9 (Cont.)
15 mg/ml 91,135,134 0,1,0,1,1 143,139,136
86,79,103 1,5,2,1,5 96,133,133
103,119,148 0,0,0,1,0 -d, 87,95
20 mg/ml 91,79,62 6,1,0,1,0 -d,81,88
100,111,121 2,2,6,3,3 108,150,126
106,96,89 0,1,2,3,3 -d,131,112
25 mg/ml 49,45,56 6,0,5,3,6 134,167,152
37,38,32 0,1,0,0,0 125,160,132
36,50,55 3,151,041 119,122,121
B(a)P:
2 ug/ml 33,24,39 =y ===, =d 105,150,123
49, 46,50 —y= =y =, =4 146,135,135
62,61,53 12,12,8,11,10 138,154,124
ANumber of colonies developed after plating of 200 cells per
plate, 3 plates/sample immediately after treatment,
bNumber of colonies developed in selective medium after plating

of 2 x 105 cells/plate, 5 plates per sample, after the
expression period.

CNumber of colonies developed in medium without selective agent
after plating of 200 cells/plate, 3 plates/sample, after the
expression period at the time of mutant selection. '

dpata unavailable due to contamination or drying of plates.
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1. Reasons for Amendment: An error in calculation for
mutant frequency for one
treatment (1% 89, 22.5 mg/ml
glyphosate treatment) was
discovered. The error 1is
therefore corrected, and
statistical analysis was
redone.

2, Original wording: (Table 1, B. 1% S9, page AI 2
of the original report.)

Mutagenicity
Cytotoxicity?d Mutant PFrequencyP®
Treatment (R.S.) - x 10-6 pC
B. 1% 59
Medium Control 1.0 . 5.9
Glyphosate:
5 mg/ml 1.12 4,3 0.6695
17.5 mg/ml 0.69 11.6 0.3470
22.5 mg/ml 0,25 19.1 0.1796
3. Amended wording:
Mutagenicity
Cytotoxicity?d Mutant Frequency?®
Treatment (R.S.) x 10-6 p€
B. 1% 59
Medium Control 1.0 5.9
Glyphosate:
5 mg/ml 1.12 4.3 0.6118
17.5 mg/ml 0.69 11.6 0.2716
22.5 mg/ml 0.25 15.3 0.1839

4, Impact of Amendment: The amendment does not alter the
original conclusion of the study
that glyphosate did not induce mutations
at the HGPRT gene locus of CHO cell.
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5. Amended Table 1:

Cytotoxicity and Mutagenicity of Glyphosate as a
Function of 89 Concentrations

Mutagenicity
Cytotoxicitya Mutant Frequencyb
Treatment (R.S.) x 10-6 pC
A, No 8§89
Medium Control 1.0 7.4
Glyphosate:
5 mg/ml 1.10 7.1 0.9824
17.5 mg/ml 0.64 15.4 0.2688
22,5 mg/ml 0.11 5.3 0.6858
B. 1l% 89 i
Medium Control 1.0 5.9 .
Glyphosate: C
5 mg/ml 1.12 4.3 0.6118
17.5 mg/ml 0.69 11.6 0.2716
22.5 mg/ml 0.25 15.3 0.1839
C. 2% 89
Medium Control 1.0 7.1
Glyphosate:
5 mg/ml 1.0 8.6 0.7108
17.5 mg/ml 0.77 8.1 0.7860
22.5 mg/ml 0.44 10.2 0.4204
D. 5% 8§89
Medium Control 1.0 4.4
Glyphosate:
5 mg/ml 1.08 6.4 0.5897
17.4 mg/ml 0.84 6.9 0.7184
22,5 mg/ml 0.67 8.5 0.3'
E. ~10% 89
Medium Control 1.0 9.1
Glyphosate:
5 mg/ml 1.02 10.5 0.8841
17.5 mg/ml 0.37 16.3 0.4730
22.5 mg/ml 0.18 9.7 0.6935

asurvival relative to solvent control (average of duplicate
treatments),

bMutants per 106 clonable cells (average of duplicate
treatment(s),

CProbability to be the same as control as determined by the
statistical method of Snee and Irr (1981) after data
transformation,
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