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1. SUMMARY

1.1 Study design

Glyphosate acid was evaluated for its clastogenic potential in an in vitro cytogenetic assay
using human lymphocytes from two donors treated in the presence and absence of a rat liver-
derived metabolic activation system (89-mix). Cultures from both donors were harvested at
the standard time of 68 hours after culture initiation and additional cultures from Donor 2

were harvested at the later time of 92 hours after culture initiation.

Cultures treated with glyphosate acid at the following concentrations were selected for

chromosomal aberration analysis along with the appropriate solvent and positive control

cultures.
Donor 1 Donor 2 Donor 2
68 Hours 68 Hours 92 Hours
+59-mix -S9-mix +S9-mix -S9-mix +89-mix -S9-mix
1250 pg/ml 1250 pg/ml 1250 pg/ml 1250 pg/ml 1250 pg/ml 1250 pg/ml
750 pg/ml 750 pg/ml 750 ug/ml 750 pg/ml - -
100 pg/ml 100 pg/ml 100 pg/ml 100 pg/ml - -
1.2 Resulis

The highest concentration of glyphosate acid selected for chromosomal aberration analysis
was 1250pg/ml. This reduced the pH of the culture medium by 0.57 pH units.
Concentrations higher than this were considered not suitable for chromosomal aberration

analysis due to excessive reductions in the pH of the culture medium.

No significant reductions in mean mitotic activity were observed in the presence of S9-mix
and small reductions in mean mitotic activity, compared to the respective solvent control
values, were observed at the highest concentration selected for chromosomal aberration

analysis in the absence of S9-mix.
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At the 68 hour sampling time, no statistically or biologically significant increases in the
percentage of aberrant cells, compared to the solvent control values, were recorded in cultures

from either donor treated in either the presence or absence of S9-mix.

No statistically or biologically significant increases in the percentage of aberrant cells,
compared to the solvent control values, were recorded at the 92 hour sampling time in

cultures from Donor 2 treated in either the presence or absence of S9-mix.

The sensitivity of the test system, and the metabolic activity of the S9-mix employed, were
clearly demonstrated by the increases in the percentage of aberrant cells induced by the

positive control agents, mitomycin C and cyclophosphamide.

1.3 Conclusion

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

cultured human lymphocytes treated in vitro in either the presence or absence of S9-mix.

CTL/P/6050 - 11
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2. INTRODUCTION

2.1 Purpose

The purpose of this study was to investigate whether the test substance induced chromosomal

damage in vitro in the human peripheral blood lymphocyte cytogenetic assay.

2.2 Regulatory guidelines

The study was conducted according to the following Regulatory Guidelines.

a)  OECD guideline reference 473 (1983). Genetic Toxicology In Vitro Mammalian

Cytogenetic Test.

b)  Annex V to Council Directive 67/548/EEC on the approximation of law, regulations
and administrative provisions relating to the classification, packaging and labelling of
dangerous substances, published in the Seventeenth Adaptation, Commission Directive
92/69/EEC of 31st July 1992, OJ L383A 25.12.92. (B10: In Vitro Mammalian

Cytogenetic Test).

c) Commission of European Communities Guidance Note XI/574/91 - rev. 2 (1992). The
practical interpretation of Annex V Test Method B10, the in vitro mammalian cell

cytogenetics test.

2.3 Justification for test system selection

The in vitro human lymphocyte cytogenetic assay is designed to detect chemically induced
changes in metaphase chromosomes of cells treated in culture. The cells are stimulated into
mitotic division using phytohaemagglutinin. When the cells are in exponential growth, they
are exposed to various concentrations of the test substance and then harvested, metaphase
spreads prepared and analysed for presence or absence of chromosomal damage. Since
chromosomal damage can also be seen in solvent control cultures the assay is based on the
observation of an increased incidence of chromosomal damage over and above that seen in

the solvent control cultures.
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24 Study dates

The study was initiated on 3 July 1995. The experimental phase (culture initiation to
concentration selection) of this study was carried out between 3 July 1995 and 2 July 1996.

The cytogenetic analysis was carried out between 11 March and 26 August 1998.

2.5 Data storage

An original report, all raw data and slides 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: Jealott’s Hill, Berkshire
Colour: White
Physical state: Solid
Batch reference: P24
CTL test substance reference number: Y04707/034
Purity: 95.6 % w/w (Analytical reference MO118,
dated 2 February 1995)
Storage conditions: In anti-static bags within tubs

From information supplied by the Sponsor, the test substance was stable during the period of

the study.

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 was supplemented RPMI-1640 culture

medium (CTL test substance reference number Y08056/001).
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The positive control substances, mitomycin C (CTL test substance reference number
Y02201/001) was obtained from Sigma Chemical Company, Poole, Dorset, UK and
cyclophosphamide (CTL test substance reference number Y01259/039) was obtained as
ENDOXANA from Degussa Pharmaceuticals Ltd, Cambridge, UK.

4. EXPERIMENTAL PROCEDURES

4.1 Dosing preparations

An individual stock solution of the test substance was prepared for each experiment in
supplemented RPMI-1640 culture medium and serial dilutions were carried out as required in

each case.

Both positive control substances were prepared as solutions in sterile double deionised water

(CTL test substance reference number Y04517/010).

All test and positive control substance dosing preparations were prepared as close to the time
of culture treatment as possible. The test substance was administered to the cultures at a
dosing volume 8ml/10ml culture following removal of 8ml of culture medium. The positive

control cultures were dosed at 50u1/10ml culture.

4.2 Analysis of dosing preparations

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

substances either prior to or after addition to the human peripheral blood lymphocyte cultures.

4.3 Experimental design

Duplicate human peripheral blood cultures were exposed to the solvent, test substance or

positive control substances at appropriate concentrations in the following experiments:

a) A cytogenetic test using blood from Donor 1 in the presence and absence of S9-mix
with a standard sampling time of 68 hours after culture initiation. Solvent and positive

control cultures were included.
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b) A second independent cytogenetic test using blood from Donor 2 in the presence and
absence of $9-mix with a standard sampling time of 68 hours after culture initiation and
a later sampling time of 92 hours after culture initiation. Solvent control cultures were
included at both sampling times whereas the positive control cultures were only

included at the 68 hour sampling time.

In both experiments a range of concentrations of glyphosate acid was used in order to define

suitable concentrations for chromosomal aberration analysis.

The standard sampling time of 68 hours after culture initiation used in this study was based
on a measured mean cell cycle time for cultured human peripheral blood lymphocytes of 13.5
hours in this Laboratory (September 1992 and November 1993; CTL/P/2856). The later

sampling time was selected to be 24 hours after the standard sampling time.

4.4 Culture establishment

Human blood samples were obtained by venepuncture in lithium heparin tubes on the days of
culture initiation from healthy, non-smoking donors, Donor | being male and Donor 2 being
female. Both donors had a previously established low incidence of chromosomal aberrations

in their peripheral blood lymphocytes.

At 0 hours, cultures (10ml) were established by the addition of 0.5ml of whole blood to
RPMI- 1640 (Dutch modification) tissue culture medium supplemented with approximately
10% foetal bovine serum (FBS), 1.0IU/ml heparin, 100IU/m] penicillin and 100ug/ml
streptomycin. The lymphocytes were stimulated to enter cell division by addition of
phytohaemagglutinin (PHA; at 5% v/v) and the cultures were maintained at approximately

37°C for 48 hours with gentle daily mixing where possible.

4.5 Metabolic activation system

The metabolic activation system (S9-mix) used in this study was prepared as required (on

each day of culture treatment) as a 1:1 mixture of S9 fraction and cofactor solution.

S9 was prepared from male Sprague Dawley rats, dosed once daily (by oral gavage) for 3 days
with a combined phenobarbital (80mg/kg bodyweight) and B-naphthoflavone (100mg/kg

bodyweight) corn oil preparation. The treated animals were sacrificed on the day following
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the third dose. A 25% w/v homogenate (the S9 fraction) was prepared according to the
method given in Callander et al (1995).

The cofactor solution was prepared as a single stock solution of Na;HPOy, KCl, glucose-6-
phosphate, NADP (Na salt) and MgCl, (150 : 49.5:7.5: 6 : 12mM) in sterile double

deionised water and adjusted to a final pH of 7.4.

4.6 Culture treatment

Prior to treatment, the cultures were centrifuged and the culture medium was removed and
replaced with fresh supplemented RPMI-1640 culture medium in the solvent and positive

control cultures.

Approximately 48 hours after culture establishment, 8 ml aliquots of the test substance
preparations were administered to duplicate cultures as appropriate to the experiment design.
The positive control cultures were treated at a dosing volume of 50u1/10ml culture. In
addition, 200u1 of a 1:1 mix of 89 and co-factor solution was added to each culture to be

treated in the presence of S9-mix.

Cultures treated in the presence of S9-mix were treated for a period of approximately 3 hours
at 37°C, after which the culture medium was removed following centrifugation and replaced
with fresh supplemented RPMI-1640 culture medium. The cultures were re-incubated at
approximately 37°C for the remainder of the 68 hour growth period. Cultures treated in the
absence of S9-mix were maintained at approximately 37°C for the remainder of the 68 hour
growth period. All cultures due for sampling at the later 92 hour sampling time received an

additional culture medium change approximately 68 hours after culture initiation.

The effect of glyphosate acid on the pH and osmolality of the culture medium was
investigated, using single cultures containing medium only, as changes in pH and increases in
osmolality have been reported to result in the production of chromosomal aberrations

(Scott et al, 1991).

4.7 Culture harvesting

Approximately 2 hours prior to harvesting, the cultures were treated with colcemid at a final

concentration of 0.4pg/ml. Sixty-eight hours or 92 hours after culture establishment the
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cultures were centrifuged, the supernatant was removed and the cells were re-suspended in
approximately 10ml of 0.075M KClI at room temperature for approximately 10 minutes. The
cultures were centrifuged, the supernatant was removed and the remaining cells were fixed in
freshly prepared methanol/glacial acetic acid fixative (3:1 v/v) added dropwise and made up
to a volume of approximately 10ml. The fixative was removed following centrifugation and
replaced with freshly prepared fixative. This fixation process was repeated at least twice
prior to slide preparation on clean, moist labelled microscope slides. The slides were air
dried, stained in filtered Giemsa stain (10% Gurr’s R66 in buffered [pH 6.8] double deionised

water) for 7 minutes, rinsed in water, air-dried and mounted with coverslips in DPX.

4.8 Slide analysis

Slides were examined to determine that they were of suitable quality and, where appropriate,
the mitotic index was determined by examining 1000 lymphocytes per culture and calculating

the percentage of cells in metaphase.

For each donor, both in the presence and absence of S9-mix, duplicate cultures treated with
glyphosate acid at three concentrations were selected for chromosomal aberration analysis at
the 68 hour sampling time along with the appropriate solvent and positive control cultures. In
each case the highest concentration was selected on the basis of reduction in the pH of the
culture medium and the suitability of the metaphase preparations for chromosomal aberration
analysis. In-addition, duplicate cultures from the Donor 2 treated with glyphosate acid at the
highest concentration selected at the 68 hour sampling time in the presence and absence of
$9-mix were selected for chromosomal aberration analysis at the 92 hour sampling time along

with the appropriate solvent control cultures.

The slides were coded prior to analysis and one hundred cells in metaphase, where possible,
were analysed from each selected culture for the incidence of structural chromosomal

damage, according to the principles of the criteria recommended by Scottef al (1990).
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5. DATA EVALUATION

The percentages of aberrant metaphases and the number of aberrations per cell were
calculated for each treatment scored, both including and excluding cells with only gap-type

aberrations.

The Fisher Exact Probability Test (one-sided) was used to evaluate statistically the percentage
of metaphases showing aberrations (excluding cells with only gap-type aberrations). Data
from each treatment group, in the presence and absence of S9-mix, was compared with the

respective solvent control group value. The data have been interpreted as follows:

a)  No statistically significant increase in the percentage of aberrant cells (at any

concentration) above concurrent solvent control values - NEGATIVE.

b) A statistically significant increase in the percentage of aberrant cells above concurrent
solvent control values, which falls within the laboratory solvent control range -

NEGATIVE.

c)  Anincrease in the percentage of aberrant cells, at least at one concentration, which is

substantially greater than the laboratory historical solvent control values - POSITIVE.

d) A statistically significant increase in the percentage of aberrant cells which is above
concurrent solvent values and which is above the historical solvent control frequencies

value but below that described in (c) may require further evaluation.

e) Significantly increased incidence of interchanges, exchange figures or re-arrangements

(where none of the above criteria are met) may require further evaluation.
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6. RESULTS
6.1 Determination of mitotic indices and selection of
concentrations

Concentration-related reductions in the pH of the culture medium were observed for
glyphosate acid treated cultures. Treatment of the culture medium with glyphosate acid up to

2000pg/ml had no significant effect on osmolality (Table 7).

Two independent cytogenetic tests were carried out using ranges of glyphosate acid
concentrations as detailed in Tables 1, 2 and 3 which also detail the individual culture and

mean mitotic indices for the solvent controls and the glyphosate acid treated cultures.

Small reductions in mean mitotic activity, compared to the solvent control values, were
observed in cultures (37% - Donor 1; 33% - Donor 2) treated with the highest concentrations
of glyphosate acid selected for chromosomal aberration analysis. No reductions in mitotic
activity were observed for culture treated in the presence of S9-mix and harvested at the 68
hour sampling time or cultures treated in either the presence or absence of S9-mix and
harvested at the 92 hour sampling time. Cultures treated with higher concentrations of
glyphosate acid were considered not to be suitable for chromosomal aberration analysis due to

excessive reductions in the pH of the culture medium (Tables 1 and 2).

6.2 Resulis of chromosomal aberration analyses

From the results detailed in Section 6.1, cultures treated with following concentrations of

glyphosate acid were selected for chromosomal aberration analysis.

Donor 1 Donor 2 Doneor 2
68 Hours 68 Hours 92 Hours
+S9-mix -S9-mix +S9-mix -S9-mix +59-mix -S9-mix
1250 pg/ml 1250 pg/ml 1250 pg/ml 1250 pg/mi 1250 pg/ml | 1250 pg/ml |
750 pg/ml 750 pg/ml 750 pg/ml 750 pg/ml - -
100 pg/ml 100 pg/ml 100 pg/ml 100 pg/ml - -
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The results of the chromosomal aberration analysis are shown in Tables 4, 5 and 6 expressed
as the mean percentage of aberrant cells (excluding cells with only gap-type aberrations) and
as the number of aberrations per cell (excluding cells with only gap-type aberrations) at each

concentration. Individual data from each culture are given in Tables 8 and 9.

No statistically or biologically significant increases in the percentage of aberrant cells, above
the solvent control values, were recorded at the 68 hour sampling time in cultures from either

Donor 1 or Donor 2 treated with glyphosate acid in either the presence or absence of S9-mix.

No statistically or biologically significant increases in the percentage of aberrant cells, above
the solvent control values, were recorded at the 92 hour sampling time for cultures treated

with glyphosate acid in either the presence or absence of SG-mix.

The positive control materials, mitomycin C and cyclophosphamide induced statistically and
biologically significant increases in the percentage of aberrant cells, compared to the solvent

control cultures.

7. DISCUSSION

The test substance, glyphosate acid, was assessed in an in vitro cytogenetic assay in cultured
human peripheral blood lymphocytes to determine if it had any in vitro clastogenic activity.
The procedures and experimental design employed complied with the recommendations of
the OECD Guideline 473 (1983), EEC Annex V B10 (1992), EEC Guidance Note XI/574/91
-rev.2 (1992) and the UKEMS Recommended Procedures for Basic Mutagenicity Tests
(Scott, 1990).

Glyphosate acid was tested over a range of concentrations, both in the presence and absence
of $9-mix, in two independent cytogenetic tests. In each case, the highest concentration
selected for chromosomal aberration analysis was based on significant reductions in the pH of

the culture medium.

No statistically or biologically significant increases in the percentage of aberrant cells, above
solvent control values, were recorded for any cultures treated with glyphosate acid in either

the presence or absence of S9-mix.
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The sensitivity of the test system, and the metabolic activity of the S9-mix employed, were
clearly demonstrated by the increases in the frequencies of aberrant cells induced by the

positive control agents, mitomycin C and cyclophosphamide.

The data obtained in this study therefore show that the test sample of glyphosate acid did not
induce chromosomal damage in human peripheral blood lymphocytes 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 clastogenic to

cultured human lymphocytes treated in vitro in either the presence or absence of S9-mix.
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TABLE 1 - MITOTIC INDICES IN THE ABSENCE OF METABOLIC ACTIVATION
(S9-MiX)

68 HOUR SAMPLING TIME

DONOR 1 | DONOR 2
o Mean % o Mean %
Mitotic Mitotic
Treatment o Treatment el
Index % Mitotic Index % Mitotic
Index Index
Solvent Control 13.7 Solvent Control 10.7
(800ul/ml) 16.5 (5.1 (800u/m!) 114 1.1
Glyphosate acid Glyphosate acid
(ng/ml) (ug/ml)
2000 b 1250 7l 7.4
b 7.7 )
b
1500 1000
b
1250 e SU 9.5 750 8.2 9.0
85 ! C 97 ’
1000 ¢ 100 10.4 10.4
a 10.3 ’
11.7
750 12.4
13.1
a
500
a
250
14.5
100 14.7
14.9
a
50
a

a - Mitotic index not required for selection of concentrations for chromosomal aberration analysis
b - Concentration not suitable for analysis due to excessive reduction in pH of the culture medium
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TABLE 2 - MITOTIC INDICES IN THE PRESENCE OF METABOLIC ACTIVATION

68 HOUR SAMPLING TIME

(S9-MIX)

DONOR 1 DONOR 2
o Mean % "L Mean %
Mitotic Mitotic
Treatment Index % Mitotic Treatment (ndex Mitotic
Index Index
Solvent Control 13.0 Solvent Control 11.9
(800ul/ml) 16.2 146 (800u1/ml) 104 112
Glyphosate acid Glyphosate acid
(ng/ml) (ug/ml)
2000 b 1250 108 11.0
b 11.1 '
b a
1500 1000
b a
1250 $-2 14.3 750 L1.3 10.8
14.0 > 10.2 )
1000 100 o8 10.7
a 11.6 ’
750 Rl 13.8
13.8 '
500
250
a
100 13.0 13.6
14.1 '
a
50
a

a - Mitotic index not required for selection of concentrations for chromosomal aberration analysis
b - Concentration not suitable for analysis due to excessive reduction in pH of the culture medium
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TABLE 3 - MITOTIC INDICES IN THE ABSENCE AND PRESENCE OF
METABOLIC ACTIVATION (S9-MiX)

92 HOUR SAMPLING TIME

| DONOR 2 DONOR 2
-S9-MIX +S9-MIX
o Mean % Lol Mean %
Mitotic Mitotic
Treatment o Treatment L
Index % Mitotic Index % Mitotic
Index Index
| Solvent Control 9.8 Solvent Control 10.1
(800ul/ml) 126 1.2 (800yi/ml) J0.1 10.1
Glyphosate acid Glyphosate acid
(ng/ml) (Hg/ml)
1250 t-9 113 1250 o1 9.5
10.7 ! 9.9 ’
a
1000 1000 a
750 750
a

a - Mitotic index not required for selection of concentrations for chromosomal aberration analysis
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TABLE 4 - MEAN CHROMOSOMAL ABERRATIONS AND MITOTIC INDICES IN
THE ABSENCE OF METABOLIC ACTIVATION (S9-MIX)

68 HOUR SAMPLING TIME

Treatment Mean % Aberrations/ Mgan %
Aberrant Cells Cell Mitotic
Excluding Gaps | Excluding Gaps Index
Donor 1
Solvent Control 800ul/ml 0.50 0.005 15.1
Mitomycin C 0.2pg/ml 32.00%* 0.400 7.0A
Glyphosate acid
1250pg/ml 1.00 0.010 9.5
750pg/ml 1.00 0.010 124
100pg/ml 1.50 0.015 14.7
Donor 2
Solvent Control 800ul/ml 0.00 0.000 11.1
Mitomycin C 0.2ug/ml 32.00** 0.360 6.7A
Glyphosate acid
1250ug/ml 0.50 0.005 7.4
750pg/ml 1.00 0.010 9.0
100pg/ml 1.00 0.010 10.4
R Statistically significant increase in the percentage of aberrant cells at p<0.01 using

Fisher's Exact Test (one-sided}.

Positive control mitotic index and % aberrant cells are determined from a single
culture.
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TABLE 5 - MEAN CHROMOSOMAL ABERRATIONS AND MITOTIC INDICES IN
THE PRESENCE OF METABOLIC ACTIVATION (S9-MiX)

68 HOUR SAMPLING TIME

Treatment Mean % Aberrations/ Mgan .%
Aberrant Cells Cell Mitotic
Excluding Gaps | Excluding Gaps Index
Donor 1
Solvent Control 800ul/ml 1.50 0.015 14.6
Cyclophosphamide 50pg/ml 20.00%* 0.200 9.7A
Glyphosate acid
1250pg/ml 2.00 0.020 14.3
750pg/ml 0.00 0.000 13.8
100pg/ml 0.50 0.005 13.6
Doneor 2
Solvent Control 800ul/ml 1.00 0.010 11.2
Cyclophosphamide 50ug/ml 28.00** 0.280 4.6A
Glyphosate acid
1250pg/ml 1.50 0.015 11.0
750pg/ml 1.00 0.010 10.8
100ug/ml 2.50 0.025 | 10.7
R Statistically significant increase in the percentage of aberrant cells at p<0.01 using
Fisher's Exact Test (one-sided).
A Positive control mitotic index and % aberrant cells are determined from a single
culture.
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GLYPHOSATE ACID: /N VITRO CYTOGENETIC ASSAY IN HUMAN LYMPHOCYTES

TABLE 6 - MEAN CHROMOSOMAL ABERRATIONS AND MITOTIC INDICES IN
THE PRESENCE OR ABSENCE OF METABOLIC ACTIVATION (S9-

MIX)
92 HOUR SAMPLING TIME
Treatment Mean % Aberrations/ Me-an %
Aberrant Cells Cell Mitotic
Excluding Gaps | Excluding Gaps Index
Donor 2 +S9-mix
Solvent Control 800pl/mi 0.00 0.000 10.1
Glyphosate acid
1250pg/ml 0.50 0.005 9.5
Donor 2 -S9-mix
Solvent Control 800ul/ml 2.00 0.020 11.2
Glyphosate acid
1250pg/ml 1.50 0.015 113

CTL/P/6050 - 28




GLYPHOSATE ACID: IN VITRO CYTOGENETIC ASSAY IN HUMAN LYMPHOCYTES

TABLE 7 - OSMOLALITY AND pH DATA

Treatment pH (()nsll::())l]?l]:;:;’
Solvent Control 800ul/ml 7.51 281
Glyphosate acid |
2000pg/ml 6.40 288
1500pg/ml 6.73 b
1250pg/ml 6.94 b
1000pg/mi 7.13 b
750ug/ml 7.24 b
500ug/mi a b
250pg/ml | a b
100pg/mi a b
S0pg/ml a b

a- no significant change in pH at 750pug/ml - no further measurements required
b - no significant increase in osmolality at the highest concentration tested - no further
measurements required
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