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1. SUMMARY

1.1 Study design

To assess the mutagenic potential of glyphosate acid to mammalian cells, L5178Y TK™
mouse lymphoma cells were treated in vitro with various concentrations of test substance,
both in the presence and absence of a rat liver derived auxiliary metabolic system (§9-mix).
Mutant frequencies were assessed by cell growth in the presence of trifluorothymidine after a

48 hour expression time.

Glyphosate acid was tested both in the presence and absence of 8$9-mix in two independent

experiments.

1.2 Results

Glyphosate acid was tested up to a maximum concentration of 1000pg/ml in the presence and
absence of S9-mix as concenirations in excess of this produced excessive reductions in the
pH of the treatment medium. Very little toxicity was seen at the maximum concentration
tested. Minimum survival levels, compared to the solvent control cultures, of 90% and 57%
were observed in cultures treated with the maximum concentration of glyphosate acid in the

presence and absence of S9-mix respectively.

No significant increases in mutant frequency were observed in cultures treated with
glyphosate acid in either the presence or absence of S9-mix in either of the independent

experiments. .

The positive controls induced substantial increases in mutant frequency in all mutation
experiments thus demonstrating the activity of the S9-mix and that the assay was performing

satisfactorily in being capable of detecting known mutagens.

1.3 Conclusion

It is concluded that, under the conditions of this assay, glyphosate acid is not mutagenic to

L5178Y TK+/- cells in the presence or absence of S9-mix.

CTL/P/4991 - 10
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2, INTRODUCTION

2.1 Purpose

The purpose of this study was to evaluate glyphosate acid for its ability to induce forward
mutation in L5178Y (TK”') mouse lymphoma cells as monitored by cell growth in medium

containing the anti-metabolite trifluorothymidine (TFT).

2.2 Regulatory guidelines

The study was conducted according to the following Regulatory Guidelines:

a)  OECD guideline reference 476 (1984), Genetic Toxicology, /n Vifro Mammalian Cell
Gene Mutation Tests.

b)  Annex V to Council Directive 67/548/EEC on the approximation of laws, regulations
and administrative provisions relating to the classification, packaging and labelling of
dangerous substances, published in the Ninth Adaptation, Commission Directive
87/302/EEC of 18th November 1987, OJ L133 30.5.88. (/n vifro mammalian cell gene

mutation test),

¢}  US Environmental Protection Agency Pesticide Assessment Guidelines, Subdivision F,
Hazard Evaluation Humarn and Domestic Animals, Series 84, Mutagenicity, Addendum
9. Publication No. EPA-540/09-91-122 NTIS Repert No. PB91-158394 Feb 1991 (as
specified in US Environmental Protection Agency Code of Federal Regulations 40CFR
Part 798 Health Effects Testing Guidelines, Subpart F - Genetic Toxicity).

2.3 Justification for test system selection

The L5178Y TK* mouse lymphoma mutation assay is designed to detect chemically induced
forward mutation in cells treated in culture. The cells are an established cell line and are
exposed to various concentrations of the test substance, grown for the expression time and
plated into microwells in the presence and absence of TFT to estimate the number of mutant
cells per viable cell (the mutant frequency). Since forward mutation can also be seen in

solvent control cultures, the assay is based on the observation of an increased mutant

CTL/P/4991 ~ 11
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frequency over and above that seen in the solvent control cultures. The cytotoxicity of the

test substance is assessed by post-treatment plating efficiency.

2.4 Experimental dates

The experimental work in this study was carried out between 22 November 1995 and 12
March 1996.

2.5 Data storage

An original report and all raw data pertaining to this study are retained in the Archives,
Central Toxicology Laboratory (CTL), Alderley Park, Macclesfield, Cheshire, UK.

3. TEST AND CONTROL SUBSTANCES
3.1 Test substance
Name: Glyphosate acid
Source: Jealotts Hill
Colour: White
Physical state: . Solid
Batch reference: P24
{ CTL test substance reference number: Y04707/034
| Purity: 95.6%wiw ®
| Storage conditions: Anti-static bag, ambient temperature

From the information supplied by the Sponsor, the test substance was used within the stated
expiry date. In all cases where the concentration of test substance is quoted, this

concentration refers to the concentration of test substance not corrected for purity.

3.2 Control substances

The control substance and solvent for the test sample and positive controls was

dimethylisulphoxide (CTL test substance reference number Y00876/001).

CTL/P/4991 - 12
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The positive controls were ethyl methanesulphonate (EMS, CTL test substance reference
number Y01958/008; Sigma Chemical Company) and N-nitrosodimethylamine (NDMA,
CTL test substance reference number Y05348/002; Sigma Chemical Company). EMS is a
direct acting mutagen and was tested in the absence of $9-mix at a final concentration of
750ug/ml. NDMA, which requires metabolic activation to its reactive species, was tested in

the presence of $9-mix at a final concentration of 600ug/ml.

4, EXPERIMENTAL PROCEDURE

4.1 Dosing preparations

An individual stock solution of the test substance was prepared for each experiment in

dimethylsulphoxide and serial dilutions were carried out as required in each case.
The positive control substances were prepared as solutions in dimethylsulphoxide.

All test and positive control substance dosing preparations were prepared as close to the time

of culture treatment as possible and were dosed at 200u1/20ml culture.

4.2 Analysis of dosing preparations

In view of the short-term nature of the studies of this type, no analyses of stability,
homogeneity or achieved concentrations were carried out on the preparations of the test or

positive control substances either prior to or after addition to the cell cultures.

4.3 Experimental design

A dose-ranging study was performed to determine the concentrations of glyphosate acid to be
used in the main mutation assays. Subsequently, two series of exponentially growing
suspension cultures of L5178Y cells were treated in duplicate with the solvent control,
positive controls or a range of concentrations of glyphosate acid for 4 hours in the presence
and absence of S9-mix. After removal of the treatment medium, the cells were counted and a
sample diluted to determine the survival immediately after treatment. The remaining cells
were then cultured to allow any induced mutants to be expressed. During this expression

time the growth rate was monitored and, where appropriate, the cells subcultured daily. At

CTL/P/4991 - 13
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46.1 Cell preparation

A fresh sample of cells was brought up from liquid nitrogen storage for cach experiment. A
minimum of 10’ cells in exponential growth were required per treatment and therefore a bulk
culture with a cell density in the range of 1-1.2 x 10° cells per ml was prepared prior to each
experiment. This culture was then diluted 50:50 v/v with serum free medium to obtain a
reduced serum content of 5% at treatment time. Each 20ml treatment culture (5-6 x 10° cells

per ml) was taken from the bulk culture.

4.6.2 Culture treatment

Just prior to treatment, thawed samples of 89 fraction and co-factors ($9-mix) were added to

the appropriate cell cultures.

Aliquots of the test substance, solvent control or positive controls were administered to
duplicate cultures as appropriate to the experimental design. The cultures were treated for 4
hours. During this period the treated cell cultures were rotated on a roller apparatus in a 37°C
hot room. At the end of the treatment period the cultures were centrifuged at 250g for 5
minutes, the supernatants removed and the cell pellet resuspended in 50ml of fresh culture

medium.

The effect of glyphosate acid on the pH and osmolality of the treatment medium was
investigated as changes in pH and increases in osmolality have been reported to result in

increases in mutant frequency (Scott et al, 1991).

4.6.3 Survival

To assess survival, a sample of each culture was counted and diluted to give 50ml at § cells
per ml immediately post treatment. The cell count factor (CCF) was calculated from these
cell counts as the cell count for each individual culture/the mean solvent control cell count.
The diluted cultures of 50ml at 8 cells/ml constituted the survival cultures and were then
dispensed at 200pl per well into two 96 well microwell plates (1.6 cells per well). The plates
were then incubated (37°C, 5% CO,, 98% relative humidity) to allow cell growth.

CTL/P/4991 - 15



GLYPHOSATE ACID: L5178Y TK" MOUSE LYMPHOMA GENE MUTATION ASSAY

4.6.4 Expression time

The post-treatment cultures were returned to the roller apparatus in the 37°C hot room for a
48 hour expression period. To maintain exponential growth during the expression time, each
culture was counted and, where appropriate, diluted daily to give approximately 2 x 10° cells

per ml in 50ml, thereby ensuring approximately 107 cells at each subculture.

4.6.5 Mutation assay

After the 48 hour expression period, the mutation assay was performed. The cell density of
each culture was determined using a haemocytometer. The cultures were then divided into
two series of dilutions. The first was to form the cultures for assessment of mutants by TFT

selection; the second was to assess the viability of the cultures (in the absence of TFT).

For the assessment of mutants, a sample of each of the post-expression cultures was diluted to
give 50mli at 1 x 10° cells per ml. TFT was then added to the mutation cultures to give a final
concentration of 4pug/ml. Each TFT treated culture was then dispensed at 200ul per well into
2 x 96 well microwell plates (2000 cells per well). These plates were then incubated (37°C,
5% CQ,, 98% relative humidity) to allow cell growth.

For the assessment of viability, a sample from each mutation culture (at 1 x 10* cells per ml)
was diluted to give 50ml at 8 ceils per ml before the addition of the TFT. Each viability

culture was then dispensed and incubated as for the mutation cultures.

5. DATA EVALUATION @

Cell growth in individual microwell plates was assessed after 10-13 days using a x 10
dissecting microscope. The survival plates and viability plates were scored for the number of
wells containing no cell growth (negative wells). The mutation plates were scored so that

each well contained either a small colony, a large colony or no colony (see Section 5.5).

5.1 Calculations

Calculations were based on P(0), the proportion of wells in which a colony had not grown

(Kraemer ef af, 1980).
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P0) = r of negative wells
total wells plated

Cloning efficiency (CE) = -In P(0)
number of cells per well

Zero Hour Survival

Figures from the 0 hour survival plates and post-treatment cell counts were used thus:

0 hour relative survival = CE for a specific treatment x 100 x CCF
CE for solvent control®

* the solvent control CE is based on the total of al] the solvent control plates.

The highest concentration assayed was designed to reduce survival to 10%-20% of the

solvent control culture value. No mutation assay plates were quantitated if survival fell
below 10%.

Mutant Frequency (M.E.)

The mutant frequency for each culture was then calculated

M.F. = __CE in selective medium (mutation}

CE in non-selective medium (viability)

The mutant frequency calculations were based on the total mutant colony counts.

5.2 Criteria for an acceptable assay

5.2.1 Cell growth and maintenance
To demonsirate acceptable cell growth and maintenance throughout the course of an

experiment, post-expression cloning efficiencies of 50% or greater positive wells should be

achieved for the solvent control viability plates.

CTL/P/991 - 17
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5.2.2 Spontaneous control data

Based on the historical data for the assay in this laboratory, the spontaneous mutant frequency
using TFT as the selective agent, both in the presence and absence of $9-mix, should be
within the range 0f 0.8-6.0 x 10™* mutants per survivor. A spontaneous mutant frequency
slightly outside this range may not in itself invalidate the data provided all the other criteria
for an acceptable assay are met. However, a second experiment with a spontaneous mutant
frequency within the acceptable range should be carried out to ensure that the observed effect

is reproducible.

5.2.3 Positive control data

Relevant positive controls are used in the absence and presence of $9-mix i.e.,
ethylmethanesulphonate and N-nitrosodimethylamine respectively. These must give
unequivocal positive responsés. Failure of the positive control does not in itself invalidate the
data for a test substance that gives a positive effect provided all the other cﬁteﬁa are satisfied.
However, this effect should be reproducible in a separate experiment when a satisfactory

positive control response is also obtained.

5.3 Criteria for a positive response

A statistically significant dose-related increase in mutant frequency is required, but not only
at concentrations eliciting excessive toxicity. An associated absolute increase in mutant
number above the solvent control values is a further requirement. Such a response must be
reproducible in an independent experiment for the test substance to be described as a mutagen

in this assay.

5.4 Criteria for a negative response

A negative response is obtained when there is no reproducible statistically significant dose-

related increase in mutant frequency.

When reproducible significant increases in mutant frequency are seen only at levels of
excessive toxicity, or when such increases are not accompanied by an increase in absolute
numbers of mutants over solvent control values, consideration should be given to such factors

as statistical significance of the difference between treated and control cultures, and dose

CTL/P/4991 - 18
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response relationships in order to clarify the response. Failing this, results from-an

independent experiment should be obtained to attempt to clarify the result.

5.5 Criteria for scoring mutation plates

Each well of the mutation plates (those containing TFT) was scored as containing either a

small colony, a large colony or no colony according to the following eritetia:

Small Colony - a small colony was one whose average diameter was less than 25% of the
diameter of the well and was usually around 15% of the diameter of the well. A small colony

should also have shown a dense clonal morphology.

Large Colony - a large colony was one whose average diameter was greater than 25% of the
diameter of the well. A large colony should also have shown less densely packed cells,

espectally around the edges of the colony.

Any well which contained more than one small colony was scored as a small colony. Any
well which contained more than one large colony was scored as a large colony. Any well

which contained a combination of large and small colonies was scored as a large colony.

An empty well was one which contained no cell growth.

5.6 Statistics

Interpretation of data are supported by statistical analysis where considered necessary at the

discretion of the Study Director in consultation with the Study Statistician.

6. RESULTS

6.1 Survival data

In a preliminary dose ranging experiment the maximum concentration of glyphosate acid
considered appropriate for testing in the mutation experiments was estimated as 1500ug/ml in
the presence and absence of $9-mix as a concentration of 2000ug/m! was found to produce an

excessive reduction in the pH of the treatment medium. A maximum concentration of
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1000pg/ml was however selected for evaluation in both mutation experiments as a
concentration of 1500pg/ml was also determined to produce an excessive reduction in the pH
of the treatment medium (0.99 units). The reductions in pH seen with 1000pg/ml (0.59 units
in the first experiment and 0.40 units in the second, Table 7) were considered acceptable and
not to affect the outcome of the study. Very little toxicity was seen at the concentrations

tested.
Summaries of the data are presented in Tables 1-2, with the full data shown in Tables 3-6.

Treatment of the culture medium with glyphosate acid up to 2000ug/ml had no significant

effect on the osmolality of the treatment medium (Table 7). -

6.2 Mutation data o

The Study Director, in consultation with the Study Statistician, decided that a statistical

analysis of the data from this study was not necessary.

No significant increases in mutant frequency, compared to the solvent control cultures, were
observed in cultures treated with glyphosate acid at any concentration tested in either the

presence or absence of S9-mix.

The positive confrols, EMS and NDMA, induced substantial increases in mutant frequency in
all mutation experiments, demonstrating the activity of the S9-mix and that the assay was

performing satisfactorily in being capable of detecting known mutagens.

7. ©  DISCUSSION

The test substance, glyphosate acid, was assessed in an in vitro mammalian cell gene

+-

mutation assay in L5178Y TK™ cells to determine if it had any in vitro mammalian cell
mutagenic activity. The procedure and experimental design employed complied with the
recommendations of OECD guideline 476 (1984), EEC Amnex V test methodology (1987)

and US EPA guideline (1991).

CTL/P/4991 - 20
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Glyphosate acid was tested over a range of concentrations, both in the presence and absence
of §9-mix in two independent mutation experiments. In each case glyphosate acid was found
to reduce the pH of the treatment medium at the higher concentrations tested. The maximum
concentration of glyphosate acid evaluated in the mutation assay was 1000ug/ml since
concentrations greater than this resulted in an excessive reduction in the pH of the treatment

medium. Little toxicity was observed at the concentrations of glyphosaté acid tested.

No significant increases in mutant frequency, above the solvent control values, were recorded

for any cultures treated with glyphosate acid in either the presence or absence of $9-mix.

The data obtained in this study therefore show that the test sample of glyphosate acid did not
induce mutation in L5178Y TK"" cells following in vitro treatment in either the presence or

absence of S9-mix.

8. CONCLUSION

It is concluded that, under the conditions of this assay, glyphosate acid is not mutagenic to

L5178Y TK ™" cells in the presence or absence of S9-mix.
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TABLE 1 - SUMMARY OF DATA FOR EXPERIMENTAL PHASE 1

Without $9-mix With S89-mix
Concentration | Mean % Day | Mean Mutant Concentration | Mean % Day Mean Mutant
(ng/ml) 0 Relative Frequency {ng/ml) 0 Relative Frequency
Survival (x 107H Survival (x 167
GLYPHOSATE ACID GLYPHOSATE ACID
1500 47 - 1500 66 -
1000 57 1.1 1000 90 14
667 63 1.0 667 89 1.2
444 62 0.6 444 109 0.8
SOLVENT CONTROL SOLVENT CONTROL
DMSO o3 1.1 DMSO 96 09
(10pl/mI) (10pl/mly
POSITIVE CONTROL POSITIVE CONTROL
EMS 750 9 12.6 NDMA 600 84 43

- = not counted due to excessive change in pH of treatment medium
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TABLE 2 - SUMMARY OF DATA FOR EXPERIMENTAL PHASE 2

Without S9-mix With S9-mix
Concentration | Mean % Day | Mean Mutant Concentration | Mean % Day Mean Mutant
(pg/ml) ORelative | Frequency (ng/mly 0 Relative Frequency
Survival (x 10™ Survival (x 10
GLYPHOSATE ACID GLYPHOSATE ACID
1000 96 | 23 1000 115 1.8
667 X ] 1.3 667 107 1.3
444 83 12 | 444 118 1.8
296 108 1.4 296 115 1.5
SOLVENT CONTROL SOLVENT CONTROL
DMSO 100 1.3 DMSO 100 1.6
(10p/mb {10pVml)
POSITIVE CONTROL POSITIVE CONTROL
EMS 730 32 12.9 NDMA 600 103, 6.4
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GLYPHOSATE ACID: L5178Y TK* MOUSE LYMPHOMA GENE MUTATION ASSAY

TABLE 7 - OSMOLALITY AND pH DATA

Treatment pH pH pH Osmolality (mmol/kg)
dose | exptl | expt2
range
Solvent Control 7.32 7.34 7.28 281
Glyphosate acid 2000pg/ml 6.32 288
Glyphosate acid 1500ug/ml 6.35 *
Glyphosate acid 1000ug/mi 6.83 6.75 6.88 &
Glyphosate acid 667pg/ml 1-7.01 7.05 #
Glyphosate acid 500pg/ml 7.07 *
Glyphosate acid 444pig/ml 7.34 - *
Glyphosate acid 296pg/ml 7.19 *
Glyphosate acid 250pg/mt 7.23 ®
Glyphosate acid 125pg/ml 732 *

- = sample mis-dosed

* = not measured, no significant change in osmolality at concentrations above this.
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