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1. Summary

GLYPHOSATE was investigated for its potential to induce genotoxic effects by means of the
DNA repair test. Induction of DNA repair synthesis was determined in rat hepatocyte primary cul-
tures by means of the bromodeoxyuridine density-shift method. This technique clearly dis-
criminates DNA repair synthesis from normal replicative DNA synthesis. Repair is identified as
incorporation of radioactivity into unreplicated DNA of cells that were incubated in the presence
of a radioactive DNA label (3H-deoxycytidine) and a density label (5-bromodeoxyuridine). Re-

paired DNA is separated from replicated, heavily bromodeoxyuridine-substituted DNA by ultra-

centrifugation in cesium salt density gradients.

GLYPHOSATE was dissolved in cell culture medium and further diluted in cell culture medium.
GLYPHOSATE was tested up to cytotoxic concentrations, and maximal solubility, respectively.
With none of the tested extract concentrations a reproducible and significant dose-related
increase in radiolabel incorporation was ¢btained. Therefore, under conditions described

GLYPHOSATE is not genotoxic in primary rat hepatocytes.

2. Materials

2.1 Test material

The test compound was provided by Feinchemie Schwebda GmbH, Kéln, and was specified as
follows: GLYPHOSATE, technical grade, lot F/93/032, > 98 % purity (Report Dr. [
93-11<05). The compound was stored light-protected at 20 - 25 °C.

2.2 Positive controls

Dimethylnitrosamine (DMN, [ lot 5217133, 98 % purity) and
2-acetamidofluorene (2-AAF, Sigma, Miinchen, lot 45F-3657, 96 % purity) served as positive
control chemicals. The genotoxicity of both compounds is dependent on metabolic activation by

microsomal monooxygenases.
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2.3 Tester cells

For the preparation of hepatocytes, adult male Sprague Dawley rats (200 - 350 g body weight,
standard strain, GSF-Neuherberg) were used. The animals had received an Altromin standard diet

and tap water ad libitum.

2.4 Media and chemicals

Bromodeoxyuridine (BrdUrd), and fluorodeoxyuridine (FdUrd) were obtained from Sigma,
Muinchen, William's medium E (WME) and fetal calf serum (FCS) from Gibco, Eggenstein, colla-
genase from Serva (Hep plus 04043), proteinase K from  Boehringer, Mannheim; 3H-
deoxycytidine (3H-dCyd) from Du Pont de Nemours, Bad Homburg; sodium dodecylsarcosine and
Cs,S0, (analytical grade) from Serva, Heidelberg; CsCl (analytical grade) from Fluka, Buchs

(Switzerland).

3. Methods

3.1 Test performance

The rat liver was perfused with Ca2*-free modified Hanks' solution containing 100 uM EGTA
continued by the same Ca2*-free solution without EGTA. Finally, the liver was perfused with
Dulbeccors modified Eaglers Medium (DMEM) containing Ca2+* and 0.13 U/ml collagenase. After
filtration through a nylon mesh gauze the cells were washed three times in DMEM. Viability of
the hepatocyte preparations was greater than 80 %, as determined by exclusion of 0.4 % trypan
blue [3].

6 x 106 freshly prepared cells were seeded in 75 cm? flasks containing 16 ml WME supple-
mented with 10 % FCS, penicillin {100 units/ml), and streptomycin (100 pg/ml) and allowed to
attach for 2 h. The medium was then removed, attached cells were washed twice with 5 ml pre-
warmed salt solution and incubated for one hour in 4 ml WME containing 40 M FdUrd and
200 uM BrdUrd.

After preincubation the medium was changed and the incubation continued for 18 h in WME in
the presence of 40 uM FdUrd and 200 gM BrdUrd, the test compound (0.07 mM - 48.98 mM
(test 1), 0.13 - 111.69 mM (test 2}) and 10 uCi 3H-dCyd/ml (26,7 Ci/mmol). The test compound
was dissolved and was serially diluted in WME on day of experiment. The concentration range
was determined by pretesting of solubility and of toxicity of the test compound. Controls and
reference substances were used as follows: WME (negative solvent control), 10 mM DMN and
0.2 mM AAF. After 18 h incubation cells were washed with phosphate-buffered saline, lysed
with sodium dodecylsarcosine and digested with proteinase K. The DNA was precipitated with

ethanol, dried, and stored at -80 °C,
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The DNA pellets were dissolved and centrifuged to equilibrium in alkaline CsCl/Cs,S0,4 gradients
{Beckman rotor VTi 80, 55,200 rpm, 20 °C, 16 h}. Following centrifugation, the lower half of
each gradient was removed. The remaining part, containing parental DNA strands, was brought
to 5 ml with CsCl/Cs,S0, and rebanded at 53,000 rpm. After fractionation of the gradients, the

UV absorbance and the acid precipitable radioactivity were determined for each fraction [1,2,4].

3.5 Evaluation

Repair synthesis (cpm/ug DNA) was estimated from the gradient profiles by calculating the ra-
dioactivity incorporated into light (parental) DNA, i. e. by integrating the radioactivity binding
exactly coincident with the UV-absorbance peak, and dividing it by the amount of parental DNA.
DNA was quantitated by integrating the UV-absorbance peak and converting it into #g DNA by
means of a calibration curve. Normal (semiconservative) DNA synthesis (cpm/ug DNA) was

determined from the gradient profiles as radioactivity incorporated into dense DNA.

A test substance producing a reproducible and significant dose-related increase in radiolabel in-
corporation is reported as genotoxic. A test substance producing neither a significant, dose-re-
lated increase in *H incorporation nor a reproducible positive response at any test point is con-

sidered non-genotoxic in this test system.
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4. Results

4.1  Toxicity

A rough estimate of the cytotoxicity of the test extract for the hepatocyte cultures can be ob-
tained from the degree of inhibition of replicative DNA synthesis (cpm/ug DNA), i. e. from the
reduction in the incorporation of radioactivity in semiconservatively replicated (dense) DNA
strands. Replicative DNA synthesis was affected at the highest concentration tested (table). As

well, test compound showed precipitation at the highest concentration (table).

4,2 Genotoxicity

Testing was done with 6 concentrations of the test compound (0.2-11.7 mM). In both
experiments GLYPHOSATE did not induce any increase in DNA repair synthesis (cpm/ug DNA)
above control level in the tested concentration range (tabie). Variations of individual results
relative to the controls by + 10 % are well within the variability of the control values within in-
dividual experiments. In contrast, the positive control chemicals, 2-AAF and DMN, caused a clear
enhancement in DNA repair confirming the responsiveness and metabolic activity of the test

system (table).

5. Conclusions

The method applied in this study for the determination of DNA repair synthesis in rat hepatocyte
primary cultures, the socalled bromodeoxyuridine density-shift methed, is based on a technique
developed by Pettijohn and Hanawalt (4) for the measurement of the re-synthesis step during ex-
cision repair of damaged DNA. Cells are incubated in the presence of the heavy thymidine ana-
log, 5-bromodeoxyuridine (BrdUrd), radioactive deoxycytidine (3H-dCyd), and the test chemical.
DNA strands synthesized during the incubation time by normal replicative DNA synthesis get in-
corporated large amounts of the heavy BrdUrd and, thus, obtain a higher density than unrepli-
cated DNA strands have. If the test chemical causes damage in unreplicated DNA which is sub-
ject to excision repair, short stretches of newly synthesized DNA are incorporated containing
both BrdUrd and 3H—dCyd. The incorporated BrdUrd is not sufficient, however, to increase
significantly the density of the DNA strands. Repaired and replicated DNA strands can subse-
quently be separated on alkaline cesium salt gradients and quantitatively determined by measur-

ing the incorporated radioactivity.
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In the present investigation GLYPHOSATE was tested in rat hepatocytes for its potential to
induce genotoxic effects in primary rat hepatocytes. The tested concentration range covered

nontoxic and toxic concentrations of the test compound.

In neither of the two experiments performed GLYPHOSATE significantly increased the level of
DNA repair above control level. In contrast, the positive control chemicals, dimethylnitrosamine
and 2-acetamidofluorene, markedly enhanced DNA repair, demonstrating that both cell viability
and drug metabolizing enzyme activities were well preserved in the hepatocyte preparations.
Therefore, the present findings clearly indicate that GLYPHOSATE is not genotoxic under

conditions described in this test report.

Biological ga‘ fety Testing
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6. Table

Table:

DNA repair test with primary rat hepatocytes

Test: 931564

Test compound: GLYPHOSATE

Repair synthesis
(cpm/ug DNA)

A

International Bioscience Park

Replic. synthesis
{cpm/pg DNA)

Test 1 Test 2 Test 1 Test 2
Negative controls
WME 105.1 102.8 2322.2 2833.9
1263 88.1 2562.2 2313.4
Positive controls
DMN (10 mM) 973.7 028.5 1794.9 1521.8
2-BAF (0.2 mM) 817.4 728 .8 306.2 829.9
Test compound
0.20 mM 114:8 1998.4
0.61 mM 109.4 2363.0
1.14 mM 96.2 2784.2
1.81 mM 115.1 2641.0
3.41 mM 88.5 2514.7
5.44 mM 102.4 2509.1
10.23 mM 95.7 2902.6
16.32 mM 109.9 2356.6
30.69 mM 87.8 3175.0
48.98 mM 98.2 1729.1
92.08 mM T8 2664.6
111.69 mM 66.9 737.2
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STATEMENT OF QUALITY ASSURANCE (GLP)
TEST 931564 94-03-31

Test DNA repair test with primary rat hepatocytes
(SOP 9.20, OECD Guideline 482)

Test compound GLYPHOSATE

This report has been audited by the Quality Assurance and the result'has been reported to the study
director and the management of the ANAWA Minchen AG on March 31, 1993. Within the course
of the regularly conducted self-inspections the Quality Assurance convinced of the compliance with

the test instructions and the standard operating procedures during conduction of this study.

Quality Assurance




-q

‘ﬁr»)

'l’
15
%

R
i
‘j!,.
e

F

Bayerisches Staatsministerium fir Arbeit, Familie und Sozialordnung

8000 MGnchen 40, WinzerersiraBe 9, Telefon (0B9) 1261-01

GLP — Bescheinigung

Beschelnigung Certificate :
Hiermit wird bestatigt, d2B die Prifeinrichtung(en) it is hereby ceriified that the test facmty(ies)
Biologisch—chemische Lzborstorien ;

8033 Planegyd

in.

m
g (Ort, Anschiit) {location, 2ddress)
Bahnringstx. © %
ANRWA Minchen AG
der .. R CP e O gk of . y
s Fm=) <X {company reme)
om .. 23./24.04.1991 on
{Dawm) ) (cz12)
von der fur die Uberwachung zusténdigen Benhorde tber was {were) inspected bty the compatant authority regar-
Gie Sinhaltung der Gruncsatze der Guien L=borpraxis cing compliznce with the Principles of Good Laboretory
mspibent worden ist (sind). { ' Practice.
Es wird hiermit bestatigt, daB folgende Priungen m = Cltis hereby certified that studies in this test facility 2re
dieser Prifsinfichtung nach den Grundsztzen dar Guien conducted in compliance with the Principles of Goed

Labompraxis durchgeithnt werden. Lzboratory Pracice.
Die Prifungen von Stoffen amd Zubereitumgen petreiien:

—  Pnermekologische Anelytik: ‘
Sritfimg von Wirkstoffcehalt, -stebilitdt und -—rucksténden
in Wirkstofforaperaten biolocischer Prcben
-  Toxikologische Prifungen an Zalllkulturen:
Zytoted zitats—, meagenitétstés:s.
—  Wirksamkeltsprifungen an Zellkilturen:
Bestinmuing der biolegischen 2KIvitat
— Bioclogische Sicherheditsprifungen:
Stabilitatstest, Keimzahlbestimmmg, Pyrogentest

Mimchen, den 20.03.1992

Ministerialiac
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- GLP-Bundesstelle -

esges

GUTE LABORPRAXIS
GOOD LABORATORY PRACTICE

GLP-Bescheinigung / Statement of Compliance
(gemif / according to § 19b Abs.2 Nr.3 Chemikaliengesetz)

Eine GLP-Inspektion wurde durchgefiihrt in/ A GLP inspection was carried out at

Priifeinrichtune / Test facility

RALLIS INDIA LIMITED
Agrochemical Research Station
Bangalore 60038
India

Priifkatecoren / Area of Expertise

Prifungen auf toxikologische Eigenschaften an Ratte, Maus, Kaninchen und Vogel
Toxicity studies with rat, mouse, rabbit and bird

Datum der Insoektion / Date of Tnspection

-02.04.1992

Auf der Grundlage des Inspektionsberichtes und der Besprechung tiber zu erfolgende Mafnahmen
wird hiermit bestatigr, da in dieser Prufeinrichtung die obengenannten Prifungen

zum Zeitpunkt der Inspektion unter Einhaltung der GLP-Grundsitze durchgefiihrt wurden.

Based on the inspection report and the discussion of follow up activities it can be confirmed,

that at time of inspection the test facility were conducting the aforementioned studies
in compliance with the Principles of Good Laberatory Practice.
27. October 1992

I

eiter GLP-Bundesstelle
GLP Federal Office






