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ITA 5.94 Clinical signs and symptoms of poisoning and details of clinical tests

The summary in this section is based on well over 30 years of experience with numerous formulations of
glyphosate in a wide range of situations. The extensive use of glyphosate has encouraged clinical
assessment of various interventions and has resulted in reporting of alleged associations of symptoms with
exposures to glyphosate products. The clinical toxicology of glyphosate and of glyphosate-surfactant
formulations have been the subject of an extensive review (Bradberry et al 2004), and a review of cases
with assessment of clinical prognostic factors was more recently published (Lee et al. 2008).

GENERAL.:

Glyphosate does not inhibit cholinesterase, and has no cholinergic effect. Animals do not have the
shikimic acid pathway; and no direct target-mediated action in mammalian systems has been clearly
identified to date (Bradberry et al. 2004). While incidental exposure in glyphosate-surfact herbicide

mixtures is common, review of available case reports (AAPC 03-2011) ingjgates that the majority
of reported non-suicidal exposures involve skin and/or eye & tiox @mltm@n of théespigalory tract by
mnhalation of spray mist, and that systemic symptom rarg; \follo g NOR3 md@exposmes to
glyphosate products. Based upon human experience aningg) dat ¢ symptoms
reported following incidental exposure appear unhkel;@’S §%aﬂy @ate expo@ (Goldstein et al.
2002). ?&&’\ & @@

CLASSIFICATION OF EXPOSURES: @ @ A

The following clinical effects are divided in 1 ose ecte lowﬁ@mn@d significant exposures
for each category based upon expected seve of s mic @npt OThe @ ors which determine if the

exposure is minor or significant include: Q

@ .
e The route of exposure. D@ &R an ﬁst %alatl@xposures to any commercially
formulated glyphosate pro of@ diluti@n ar @ ures for purposes of the symptom

%

descriptions below. Ingesggns mgre thal@ ml mqu@dtul if amount unknown) of a product
with >10% glyphosate c@centr@)n mz@be m% cant,Qy

* The concentration qfcghe pr. t. hos oncggtrations of less than 10% rarely if ever
produce signific @(icit ous ifhess historically resulted from ingestion of the
41% (glyphosate %]entra In the #88encgQF extensive clinical experience for the 11-40%
concentration range, a@ ges@@n of@ater 50ml of a glyphosate preparation having a

greater than 10% conce at1 {05t glyphosate &is should be considered potentially significant for
purposes of the symptom K ¢ 1pt10 elo
¢ The mtent of the exposur

'
Acc al 1n%est10n rarely involves large quantities of concentrated
formulations. Intentional 1 inges(Ey) Q0
observation if the amount 1ng@ed ca

czgqgmay not present with a reliable history and may require
Clinical condition of the patient.

t be reliably determined.
¢ Known or suspected co- 1ngestant@ any).
¢  Professional judgment.

ROUTE AND ORGAN SYSTEM SPECIFIC SYMPTOMS OF EXPOSURE:

DERMAL
MINOR EXPOSURES:
¢ Contact with skin may produce a dermatitis similar to that of detergents (Bradberry et al. 2004)
e Tt is expected that the severity of injury following skin exposure will be significantly decreased
with a less concentrated product and with a reduced duration of contact.
¢ Phototoxic reactions (sunlight or ultraviolet (UV) light induced skin reactions) have been
reported. This is believed due to an antimicrobial additive (benzisothiazolone) which is present in
selected residential use (i.e. non- agricultural) products containing 10% glyphosate or less
(Bradberry et al. 2004).
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¢ Significant absorption through the skin does not occur (<0.2% for concentrates and <0.01%
for dilute formulations; see section 5.9.9)

¢  Studies in farmers and farm family members during the machine spray application of glyphosate
products indicates that farmer exposure is generally far below recommended maximal daily
intakes and that urinary levels in children and spouses are largely non-detectable (limit of urinary
detection 1 pg/LL) (Acquavella et al. 2004). These studies do not provide a quantitative measure of
dermal exposure, but are consistent with the primate data noted above.

SIGNIFICANT EXPOSURES:

e Skin exposures are not expected to cause systemic effects or serious cutaneous effects. Symptoms

as noted in the minor exposure may occur.

OCULAR
MINOR EXPOSURES: R
¢ A review of ocular exposures to US glyphosate- surfa@ formulatlo 15 13éxposu§0ver as-
year period), showed no permanent eye injury (Acq’%n lla e@ 19 X
¢ Human eye exposures have generally resulted 1 por tlva 1tatl learing after
trrigation or in 1-2 days and permanent eye @age i@ald “% 1&%&; unﬁ@ ” (Bradberry
2004).

e It is expected that the severity of injury ﬁw e be s@lflcantly decreased
with a less concentrated product or with a uce@mao%
SIGNIFICANT EXPOSURES: ) @ &@ &’ @
e Eye exposures are not expected tq cause sy@pmic @@cts @:rlocular mjury (Acquavella et

al. 1999; Bradberry et al. et al. 20@5 @ @g) Q
%
SYSTEMIC EXPOSURE- INGES%@\I O@NH@}TI%L
NEUROLOGIC: @ \
MINOR EXPOSURES: SO o\@?

e There is no clinical @ @men@ ev1%1I e t&@ glyphosate or glyphosate-surfactant
formulations cause m&@)logl@ym@ S or af@r exposure by any route.
SIGNIFICANT EXPOSU @
¢ There have been no epor@of prl@iry €O vulsm ter ingestion.
¢ One author reports m atle reseﬁ& ith @ear sensorium unless another substance, such as
alcohol, has been co- 1ngest or sgvere h emia has occurred (Tominack 1989); however
"moderate disorders of ¢ ousné’§> §een reported within 48 hours of suicidal ingestions
of the concentrate (Sawada’ an al 1987; Sawada et al. 1988). This has occurred in patients
with significant systemic illnesQdnd isfot believed to be the result of reduced organ perfusion
(Bradberry et al. 2004) or per@ps oyt factors such as metabolic disturbance, but the possibility
of a direct toxicological effect canng¢ be excluded (Bradberry et al. 2004).
¢ There are two isolated case reporfQf Parkinson’s disease developing in individuals with a history
of glyphosate product exposure% In one case, Parkinson’s disease of relatively acute onset was
diagnosed 6 months following incidental dermal exposure to a glyphosate-surfactant product
(Barbosa et al. 2001). It appears that the same case was reported as part of a case series by
daCosta et at (2003) [Similar list of authors on both publications, case descriptions and ages match
(52 years old at diagnosis vs 54 year old with a 2 year history of Parkinsons) and the T2- weighted
Axial MRI images shown appear to be identical]. The second case (Wang et al. 2011) reports the
development of Parkinson’s of a 44 year old woman who had been employed in a glyphosate
manufacturing facility. In both instances, there is no evidence for causation other than a history of
prior exposure. No other human or animal data support the contention that Parkinson’s discase
results from exposure to glyphosate, even following massive ingestion or prolonged exposure.

GASTROINTESTINAL:
MINOR EXPOSURES:
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e Minor exposures are likely to be asymptomatic, but the patient may experience an unpleasant
taste, tingling, mild self-limited nausea and vomiting.

¢ Self-limited diarrhoea may also occur, which is thought to be due to the surfactant.

SIGNIFICANT EXPOSURES:

¢ A burning sensation in the mouth and throat, salivation, oral erythema, sore throat, dysphonia,
dysphagia, epigastric pain, nausea, spontancous vomiting, abdominal pain and diarrhoea are
common and may last up to a week.

¢ Serum amylase may be clevated; isoenzyme analysis done in a few cases identified a salivary
gland origin (Tominack et al. 1989).

¢ In severe cases with large ingested doses, hematemesis, GI bleeding, melena and hematochezia
may occur. Paralytic ileus has been reported as a rare event.

¢ Endoscopy has noted erosions of the pharynx and larynx, esophagitis and gastritis with mucosal
oedema, erosions and haemorrhage. Transmural injury and perforation have not bee%lgoted on
panendoscopy (Chang et al. 1999). @

e In fatal cases, autopsy notes mucosal or transm @ed @and %@rosm%@oug«l% the small
bowel with erosion and haecmorrhage; in the larg; el, @cos&@dem@d faqf acmorrhage
was noted (Tominack et al. 1989).

¢ C(Clinical, autopsy and experimental ev1deﬁ§e @198 1ndlc @a potential for
gastrointestinal damage from glyphosate’\mp ts te fi ulatlons but the
frequency of severe injury appears to be iév s prpl@’@bly not indicated (see
below). @
) o @& & & &
CARDIOVASCULAR: N oy ©© ©© %)
MINOR EXPOSURES: > Q O

N
¢ Dermal, eye and mist inhalati§§&xpos@?s t0¢§ com@rcrmulated glyphosate products
0

of any dilution are minor %@’ Ca@ovas%&t effi are not expected from minor

exposures. @
SIGNIFICANT EXPOSURES: _ @ o = o8 @ @

e Hypotension is commonsitter @stlor@of a %&thfu @ more of the concentrated product (not
the diluted forms) aa%@?lsually@; po@to I ids pressor amines. Shock as manifested by
oliguria, anuria ﬁ c@smn Qhich @ @onswe to fluids and pressors, ultimately
resulting in dea as b@n rep(@ed ( ac@t al. 1989, Bradberry et al. 2004). Transient

hypertension may be n@d %g? @)
& & o
D @ O
Q NN
UPPER RESPIRATORY: § @@
MINOR EXPOSURES:

¢ Dermal, eye and minor 1ngest10n f dllute solution exposures to any commercially formulated
glyphosate products of any diluti§¥ dre minor exposures. Significant upper respiratory effects are
not expected from minor expos&s but minor irritation or discomfort may occur (Bradberry et al.
2004).
SIGNIFICANT EXPOSURES:
¢ Significant systemic exposures are not anticipated to occur via the inhalational route, see minor
exposures within this subheading.

LOWER RESPIRATORY:
MINOR EXPOSURES:
¢ Because of the non-volatile nature of glyphosate and the surfactant, there are no vapour exposures
possible. The spray equipment commonly used with the product produces particles that are non-
respirable.
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SIGNIFICANT EXPOSURES:

e Tachypnea, dyspnea. cough and bronchospasm including cyanosis have been seen in severe
ingestions (more than a mouthful of concentrated product). These effects appear to be the result of
systemic toxicity,

® Aspiration pneumonia, pulmonary oedema and respiratory failure have been seen although the
exact role of aspiration has not been fully investigated.

® An isolated case report suggests the development of acute pneumonitis in a worker following his
performing maintenance on non-operating spray equipment used to apply a glyphosate-surfactant
formulation (Pushnoy et al. 1998). However, the registrants do not believe that a credible
mechanism of exposure was documented in this case, and the occurrence of pneumonitis in this
individual was more likely coincidental in nature (Goldstein et al. 1999).

® There is also a case report out of Germany in which a glyphosate-surfactant product (tallowamine
or “POEA” based) was applied by knapsack spayer in a (.5ha forestry application at thg registered
application rate at 25° C for approximately 3 hours. Afut 7 hours af@ applicagion helde veloped

chest pain with rapidly increasing severe respirato tress @d fev@up t roxsarely 38° C.
On hospital admission, radiographic changes of Juigs c AN be nonigd. 'E@thher assess
possible causes, bronchoscopy and closed Iun@ps med; logy revealed
“toxic inflammation of the lungs™ (significantli\diffe @than @ct lanifecti After 7-days of
drug treatments, changes in lung reverse@ Six f%nths @iter inci the patient still
experienced moderate respiratory compl s on %cm NN lha&X ray n ings lungs showed
improved results, but still detectable ch le 1t@ 0S§ to dlﬂ%rentlate acute bacterial
infections on histopathology (microgrga 15 ucl leucocytlc inflammatory
changes should be visible), charaétefstic: v1r1®my 0 ¢ aulmmmune (vasculitic,
Wegoner’s granulomatosis) indu pne onitis @r h]0]1[® Obliterans with Organizing
Pneumonia (BOOP, which Cl@y | i rsog@ lmu Qformatmn available) are not
clinically distinguishable fror ox1c 10lQgids. ny ¢ ccur, most being idiopathic (no
identifiable cause). Agrlcullsbjﬂl a 0 Sols ar a.\@tha% iicrons (generally 200 microns or
so in size) and not respir OE/\ nof @platile. Contrary to this isolated case,
backpack app]jcations ’Itf: b rod : occur regular]y in forestry and in
agriculture in the de@lopmr]d éﬂmﬂf@ currence of serious lower respiratory
disease. @\ @ © @
A @ o & &
RENAL: S &) @ ®
MINOR EXPOSURES: R Q 2, @)

e Dermal, eye, mist inhagﬁ an mig}:&ingestions of dilute solution exposures to any
commercially formulated yphos s of any dilution are minor exposures. Renal effects
are not expected from minor ex res. @

SIGNIFICANT EXPOSURES:

e Hypotension and hypovolemic s (ﬁ may result in oliguria and anuria, following severe
ingestions (Bradberry et al. 7004@17111;31 rises in BUN and serum creatinine may be seen.

METABOLIC: %

MINOR EXPOSURES:

e Dermal, eye, mist inhalation and minor ingestions of dilute solution exposures (o any
commercially formulated glyphosate products of any dilution should be considered minor
exposures. Metabolic effects are not expected following minor exposures.

SIGNIFICANT EXPOSURES:

* Mild fever may be noted even in the absence of infection (Bradberry et al. 2004)

e Metabolic acidosis is often seen in a severely poisoned patient (Bradberry et al. 2004) and the
acidosis may fail to respond to bicarbonate therapy. Although the exact cause of the acidosis is
unknown, a lactic acidosis is suspected.

HEMATOLOGIC:
MINOR EXPOSURES:
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e Dermal, eye, mist inhalation and minor ingestions of dilute solution exposures to any
commercially formulated glyphosate products of any dilution should be considered minor
exposures. Haematological effects are not expected from minor exposures.

e SIGNIFICANT EXPOSURES:

Leukocytosis without evidence of bacterial infection has been noted in peripheral blood after
ingestion of the concentrate (Bradberry et al. 2004).

¢ Hemoconcentration has been seen as a result of intravascular volume depletion (possibly
indicating severe capillary fluid leakage) (Tominack et al. 1989).

e No primary toxic effects on bone marrow or formed elements have been seen to date.

HEPATIC:
MINOR EXPOSURES:

e Dermal, eye, mist inhalation and minor ingestiong _of dilute solution exposuigs  to any
commercially formulated glyphosate products oflﬁ dilution s ld b%,@con @d minor
exposures. Hepatic effects are not expected from mé& exg@ @ o

SIGNIFICANT EXPOSURES: @ o\©
e No direct hepatotoxic effects have been noted@wev&@nﬂn@l t@n@ n $@msaminases and
bilirubin are reported (Tominack et al. 1989; Bu& bm&g al. 2@4) Q &©
SN A
ELECTROLYTES: O I S
MINOR EXPOSURES: ¢ & @ & S

e Severe or prolonged vomiting and (@ﬁhoe&@ay inuce f@ ctrolyte imbalance. This

degree of illness is not generally ex sdeted fr@p a rn@@ exposure
SIGNIFICANT EXPOSURES: Q>

¢ Electrolytes (Na, K, Cl and Ca @ the %nce»‘@@enal@n e rally remain normal Severe or
prolonged vomiting and diarr, duc ﬂuld lectég imbalance.

e POTASSIUM SALTS: poté{mall @k ing ons all glyphosate products may result in
fluid and electrolyte di @mces&partlc atteqt tassmm may be important following

ingestion of the potass rodu@ Cl mon&@lng of serum potassium levels and/or
electro- cardlographls\@@onlto (fo %&rav@or rhythm disturbances) is recommended
following signific nge of @assm@ ucts, particularly for high risk individuals.
Individuals with follpyving gy be ar elev risk following acute potassium exposure:
known hyperkalemia %al taénre / unction, use of potassium sparing diuretics,
hypoaldosteronism, co-gesgnt of other K+ coritaining materials, underlying heart disease, use of
digoxin, digitoxin, oabaingds exp@@i tO@%her cardiac glycosides. The quantity of potassium
ingested from a glyphosz;gpot m sa(fﬁproduct can be estimated from the weight percent of
glyphosate potassium as:
¥
Percent K+ salt x 5.3 = n‘%} potassium per 100 cc of product

e Several case reports do indl%e that with large ingestions of glyphosate-potassium salt
concentrate solutions, clinically significant hyperkalemia may occur. Bando et al (2001) report a
65 year old female who ingested a glyphosate-potassium salt (350 ml Roundup Maxload missing
from container, in addition to 250 ml of another glyphosate formulation which was not a
potassium salt- but amount actually ingested unclear) in an attempt at suicide. On admission,
serum potassium level was 9.3mEq/L. (typical normal value < 5) with electrocardiographic
changes consistent with hyperkalemia. The patient did have a concomitant acidosis (pH 7.272)
which may account for some portion of the elevation in potassium (acidosis displaces intracellular
potassium). The patient responded to medical management and survived.

e Kamijo et al (2012) report a 69 year old female who ingested approximately 500 ml of the same
product. On arrival in the hospital, the patient had hyperkalemia (10.7 mEq/l), pulseless
ventricular tachycardia, and a severe metabolic acidosis (pH 7.005, will elevate potassium.) The
patient required aggressive cardiopulmonary resuscitation and hemodialysis but did recover.
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e Monsanto is aware of one additional inquiry (unpublished) of a similar ingestion with a
dramatically elevated potassium level in which the patient was moribund when medical care was
mstituted. The patient could not be resuscitated. Because serum potassium levels rise rapidly
following death (due to redistribution of intracellular potassium) , it is not possible to know how
much of the observed hyperkalemia was the result of the ingestion versus profound acidosis and
post-mortem redistribution (which is partially due to acidosis).

e It should be noted that the issue of hyperkalemia is limited to cases involving the suicidal
ingestion of glyphosate-potassium concentrates. Potassium is a normal component of the human
diet, and potassium intake attributable to occupational glyphosate-surfactant herbicide exposure
will be negligible compared to typical dietary intake. While the concentrate formulations may
contain up to approximately 250 mEq of potassium per 100 ml, product diluted for use (1%
glyphosate concentration) will contain about 6 mEq potassium per 100 ml. By way of reference, a
medium size banana contains about 10 mEq (425 mg) of potassium.

¢ Finally, it should be noted that the apparently very Lée ( >150 m@lngestlops S@Ehosate-
surfactant concentrates observed in these cases ar&@ell hin range@opr mine salt
products reported to produce fatalities, and thatSelevaj] s m@otass trations are
reported (probably due to acidosis) following in&stio sate? oducts. While

=

the cases do suggest that potassium salt produike @»ntrl Qh erkalemia, it is
not clear at this time that the use of postas@lm sa w111 @?crea 11 clinical severity

and/or mortality associated with glyphosag@ ncen%te pr@uct mggstlons@

SPECIFIC DIAGNOSTIC TESTING AND PR(‘%@NO@fC C@&SIDE@TIO
2 o
Serum or other body fluid measuremen:ﬁy te are@enera@ not @@ilable in a time frame useful
&5
N

for acute clinical diagnosis. As the of @upto asso d with glyphosate-surfactant

Q,

product ingestion is symptom—drlve anyy3 vent Sthe 1@%( of ragedly available concentrations of
glyphosate will generally not 1mpa1@ 1n (J@ els sy ful in addressing forensic issues
following clinical recovery or in ngévent of a fa of uskar c%

s Y < @3 @ X

@ @. y )
Attention should be paid to ¢ troly@nce HEG) 10@nd1@uals with significant ingestion exposures,

particularly to glyphosate- siu en@ sol
Jauglccyle ol

Respiratory distress requiring batio Qulmo@ry o a, shock (systolic BP < 90 mmHg), altered
consciousness, abnormal cheSt -ra nge of @yer 200 cc concentrate (41%), or renal failure
necessitating dialysis have been ass @ated w@n a higher risk of poor clinical outcomes including mortality
(Lee 2008). These authors also velop é@e stic index based upon these factors. The use of
prognostic criteria does not appear to a nlf@nﬂy to patient care. As symptom onset may be delayed,
early use of such prognostic indicator 165@0 an under-estimate of clinical severity.

ITA 5.9.5 First aid measures @

SKIN EXPOSURE:
¢ Remove all contaminated clothing and flood the skin surface with water.

e Wash the exposed skin twice with soap and water.
¢ A close examination of the skin may be required if pain or irritation exist after decontamination.
¢ All clothing that are contaminated should be laundered before they are worn again

EYE EXPOSURE:

¢ Remove contact lens from the affected eye(s) if appropriate.

¢ Exposed eyes should be irrigated with copious amounts of water or saline for at least 15 minutes.
Pour the water from a cup or glass held 3 inches from the eye.

¢ A close examination of the eyes may be needed if pain or irritation persists after 15 minutes of
irrigation with water or saline. If symptoms persist, seek medical evaluation, preferably with an
eye specialist.
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INGESTION EXPOSURE:

e DILUTE PREPARATIONS (Glyphosate <10%): An ingestion of a dilute preparation of
glyphosate (<10%) probably does not require treatment other than dilution with milk or water, and
symptomatic care. Further gastrointestinal decontamination is not needed, even if spontaneous
emesis has not occurred.

¢ Concentrated (> 10%) preparations: Irrigate and dilute: irrigate the mouth with water. Immediate

therapy should include dilution with milk or water if the patient is able to swallow. Do not exceed
5 ml/kg in a child or 250 ml in an adult.

INHALATION EXPOSURE:
¢ No pulmonary treatment is necessary for occasional, accidental breathing of mist.
e Severe, acute pulmonary injury has not been reported following inhalation exposure. Individuals
with respiratory distress from any cause should be relogated (if medically stable) to frgsh air and
receive supplemental oxygen if available. é %

In the event of respiratory failure or lack of respiration, %@11Stq@uflc@respm@n (p@f pulse not
detectable, cardiopulmonary resuscitation). 0@
@ ; @ >
@

A
IIA 5.9.6 Therapeutic regimes @ o &Q@

The registrants believe that the following represe@&ﬁene&%&:st T cticer me@:al management of
serious ingestions of glyphosate-surfactant produ Q S . 9
@ AN

@

«@ L 9

1. Establish respiration and assure adequacy o@entll%@h § o @@@

2. Eye exposure: Q © @b QQ

A) Remove contact lens from@e aff@%d Y& if apyopri

B) Exposed eyes should&& 1 a w1thy\gpplc$ UJQf f water or saline for at least 15
minutes. Pour the wa cup (@ass h inchesfrom the eye.

C) A close examinatigigyt the gyes masghe ne@e or irritation persists after 15 minutes
of irrigation with &ater allne sym%ﬁoms pé‘e’@ist, seek medical evaluation, preferably

©@/

by an eye spea@t Q
, ~N Q @ ©© S
3. Ingestion exposure:
A) Irrigate and dilu@fmgat@he m ater. Immediate therapy should include dilution
with milk or water if tlen"&@ able t wallow. Do not exceed 5 ml/kg in a child or 250

ml in an adult. Q\ @ KQ

B) patient disposition:

Concentrated preparatio Iypl&yate 41% or greater):

1) Any person ingestif® gre an a large mouthful (50 ml in an adult, 0.5 ml/kg in a
child) of a 41 % or gregter glyphosate concentrate product should be admitted to a
hospital and observed f hours.

2) Any adult ingesting %ater than 100 ml of a 41% or greater glyphosate concentrate
product (>1.4 ml/kg in a child) should be admitted to the intensive care unit.

3) Any suicide attempt by person ingesting a concentrated product should be evaluated for
psychological status and should be admitted if necessary for observation with suicide
precautions.

Concentrated preparations (Glyphosate 10%-40%):

An ingestion of concentrated glyphosate (10%-40%) will usually result in spontaneous
emesis. There is limited experience with glyphosate formulations in this concentration
range. In view of this limited information, the registrants currently recommend
managing these ingestions in a manner similar to the management of the 41%
concentrate.
4. Prevention of absorption (This lists various methods for “Prevention of Absorption". These should NOT
be construed as being in order of preference. Consult with Poison Center or medical personnel to
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determine the need for and preferred method for decontamination. In many instances, no intervention is
required.)

A) Gastric aspiration: If no significant spontaneous vomiting has occurred gastric aspiration
may be considered. If performed soon after ingestion, gastric emptying by aspirating liquid
gastric content with a lavage or standard NG tube may possibly remove some of the
ingested glyphosate. The intent is to remove unabsorbed liquid by aspiration not to use
lavage fluid. As absorption of liquids is likely to be relatively rapid, gastric aspiration after
1 to 2 hours is unlikely to be effective.

B) Emesis: Emesis 1s controversial at this time. Glyphosate/surfactant products are irritants.
The registrants do not recommend the routine use of syrup of ipecac for glyphosate/
surfactant ingestions because of the risk of exacerbating the irritant effects on the GI tract.

() Activated charcoal: There are no data to support or refute the use of activated charcoal in
glyphosate/surfactant product ingestions. Low molecular weight, amphoteric compounds
and detergents do not always bind well to acgted charcoal, In the event @ﬁ mixed

ingestion, activated charcoal may be advisable&@ @" @ @ @
TN <
5. Assessment of gastro-intestinal injury b ©@ ©\ o@ §
o @ > o

Injury to the upper gastrointestinal tga@ may@ccur @QOW@N ing n of glyphosate
concentrates. A study of upper gastr i@estin%endo Py f&llo ing, gfyphosate—surfactant
ingestions suggested that Zarger grade@fesio erosi§Q wer@nssoctated with longer hospital
stay and with a higher incidence of Seriousgzpmplichions g@&ﬂg 89). However, no major
esophageal or gastrointestinal inj@ w seryst, and@tricu@ have not been reported
following uncomplicated glyphosate-surfagtant i@stion@ @)
9

Because no serious gastroinnal y is°§%)ort d,@fHd @use the need for hospitalization
and/or treatment of co -©" ati@ an (;’\ det ed @hout endoscopic evaluation, the
registrants recommend @y endosCopy hQNCser @for @knts with co-ingestions suggesting a
need for endoscopy 0 pat@ts witﬁ%lgns %% symptoms suggestive of more serious injury
(serious oral burns, inabilits){o ha@ secp&gons,@ ical obstruction) regardless of clinical

. N9
history. @ Q
’ o S ©©Q S
6. Monitor blood pressure: @ @ @
Monitor the patient @&ely f(g@@f’gigns %glem amic instability. The insertion of a Swan-Ganz
catheter may be warrante&@ é}’ &
Q 9, @ K@
7. Hypotension: D) @
If the patient is hypotensive sdmini sggr [V fluid boluses and place in Trendelenburg position. If

the patient is unresponsive t thesesdicasures, administer a vasopressor (dopamine, epinephrine,
norepinephrine, phenylephrine, i@égroterinol, etc.) if needed.

8. Monitor blood gases and obtain chesdiograph:
Consider the use of repeat blood gases and a peripheral pulse oximeter to monitor hypoxemia.
Observe closely for sign of acidosis.

9. Pulmonary oedema:
Closely monitor arterial blood gases. If PO2 cannot be maintained above 50 mm Hg with
mspiration of 60% oxygen by face mask or mechanical ventilation, then positive end expiratory
pressure (PEEP) or continuous positive airway pressure (CPAP) may be needed. Avoid a
positive fluid balance by careful administration of crystalloid solutions. Monitor fluid status
through a central venous line or Swan Ganz catheter as needed.
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10. Acidosis:
Correction of acidosis should be guided by blood gases, electrolytes and clinical judgment.
Attention should be directed to volume status and correction of poor perfusion in mild cases.
Sodium bicarbonate may be used to correct the acidosis in severe cases.

11. Hyperkalemia (from ingestion of Potassium salt formulations):
For moderate hyperkalemia (K+ of 6.0-7.0 mEqg/L), administer sodium polystyrene sulfonate
with sorbitol. For more severe hyperkalemia (K+ > 7 mEq/L) or serious complications of
hyperkalemia, correct metabolic or respiratory acidosis if present to allow potassium to enter the
mtracellular space. Additional management may include a glucose/insulin drip, intravenous
sodium bicarbonate or calcium, and dialysis to remove excess potassium.

12. Monitor renal function closely:

Assure adequate urine output. Catheterize severely ilfatients. Hem@dlalysm nay b@éeded n
the event of renal failure or electrolyte dlsturbance&Q @ Q @ §9

11. Enhanced eclimination: 6 o§ °\©

A) Forced diuresis: Glyphosate is excreted @ wel@the eys. Adequ ﬁlne flow will
ensure the rapid elimination of glyphosgie. Al gh cl@@yinatidy may @aps be enhanced
by forced diuresis, there is no clinic 1de that 1s negesdary fluid overload
may precipitate pulmonary oedemag, %’ "% @ & %

B) Hemodialysis: Hemodialysis ma§b be \U ul toeorre uld @ectrolyte and metabolic
disturbances in the patient w@ renalNailurgs Yhe i@tutio @o hemodialysis solely to
enhance the removal of glyphpsate {‘2 ther@roduc@ompo@ ts is not of proven benefit.
Nevertheless, it is reason to C(@ der_ b 1n1t‘$n of, ‘@modlalysm in the significantly
ill patient who fails to regpond to t,ﬁmne % manggement.

<o

12. Serious exposure via 1nhalat10n®not €X] cte @,
Inhalation exposures ot e@@cted to th ero amics of droplet size from sprayers and
because the product, is not atil @onltm%he paﬁ@ t for signs of resplratory compromise.
Create an mtlflcl% eces Q i
respiratory disty% +if a codeh or spne
bronchitis and/or pne@nia, %@thes%te no
RS
13. Serious exposure via skin is not&@ected@ &
Significant skin exposu@ e (@expe&@l; however, the patient should be treated empirically
if a dermal exposure is suspee&Re ve all contaminated clothing and flood the skin surface
with water. Wash the expos $ekin g ce with soap and water. A close examination of the skin

may be required if pain or rritatidh exist after decontamination. All contaminated clothing
should be laundered before wearn%.

14. Laboratory: %

Monitor electrolytes, especially if the patient is experiencing vomiting and diarrhea.15 Patients ingesting
concentrated products based on the potassium salt of glyphosate may ingest large amounts of potassium
(see calculations above). Observe serum potassium and/or electrocardiogram carefully. Patients
experiencing pulmonary symptoms or having chest radiograph changes should have arterial blood gas
monitoring. A peripheral pulse oximeter and a Swan Ganz catheter may be needed.

IIA 5.9.7 Expected effects and duration of poisoning as a function of the type, level and
duration of exposure or ingestion
Dermal exposure:
Skin irritation following exposure to glyphosate-only or glyphosate-surfactant materials is generally
limited to topical irritation which will resolve within 3 days to 1 week following exposure. If exposure is
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aggravated by occluded conditions or physical abrasion, more severe skin injury with open skin injury
may rarely result and may take longer to fully resolve.

Eye exposure:

Irritant symptoms generally resolve within 3-7 days of exposure. Most irritation is minor, but exposure to
concentrate or the occurrence of a foreign body or of abrasions (from rubbing the eye) may result in
corneal abrasion requiring topical antimicrobial therapy, often given in conjunction with topical
corticosteroids and temporary eye patching to provide symptomatic relief. As noted above, a large study
of (U.S.) ocular exposures to glyphosate-surfactant products demonstrated no long term eye injury.

Inhalation exposure:

Glyphosate-surfactant products generally do not contain readily volatile ingredients and thus inhalation
exposure is limited to inhalation of agricultural droplets, which will deposit primarily in the upper airway.
Resulting irritant symptoms will generally resolve within hour@a few days following exposu:%

Q
Ingestion: (&& °\@ @ @K’ o%

Following minor or incidental ingestions, or ingestion ofblly d f latl@ ga, Qtestlnal upset
with nausea, vomiting, and diarrhoea may occur. Nausg@and 'tin \\ all fesolve@%hm a few hours
of ingestion. Diarrhoea may last for several days byt @ygenerd8y not @vere éollow@ a major ingestion,
the onset of systemic symptoms may be delayed 3& ever ours %Eatahtl& ue (g cardiovascular failure
are generally delayed by 12 — 36 hours. For seriogg but tal@ @nary cal injury generally is
manifest within 72 hours but secondary complf&mon ect r reg@gratory distress syndrome
may supervene. The majority of serious bui@rww case 11l be@ Iy r ered within 7-10 days of
ingestion. Individuals with complicated hgp}ital cgurses c@requl@a morgyextended and highly variable
time to recover. @ @@ . @ «§ @

ITIA 5.9.8 Expected effects @ &@on po@l a function of varying time

periods between 0s & thB\ d c%mencement of treatment

The outcome of eye, dermal, an@lhal al e sure &hlch iz’ not expected to result in serious injury
i any event, will not be mgr@canﬂ)} tere de % ical management. Similarly, minor oral
exposures are symptoma ged unli® sult in severe gastrointestinal symptoms.
Medical management withs intraxgenous Huids m@ pro@e some symptomatic relief in the event of
dehydration, but recovery is an&ted @pany e@t

i ..o K0 ro@ disturbances or life threatening alterations of
cardiovascular performance, 0Q° nté ay be life saving. Fortunately, as noted above, the
onset of serious symptoms following inggstion i@generally delayed by at least several hours, allowing for
medical transport in all but the most ré€giote @Heme circumstances. The availability (or lack) of acute
field management does not appear likely to %n act severity of survival of most serious ingestions.

©

For serious ingestions having
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ITIA 5.9.9 Dermal penetration

In the 2001 EU glyphosate evaluation, dermal absorption of glyphosate was considered to be less than 3%.
This value based on in vivo data in Rhesus monkeys, as well as on in vitro data in human skin, using the
original glyphosate formulation Roundup (i 19°0). /n vivo dermal absorption in Rhesus
monkeys ranged from 0.8 — 2.2% of applied dose (. 1991; overall recovery was low with
approx. 75-80%), whereas the in vitro penetration through human skin was at maximum 0.152% (.
1983) and <2.2% (published data). ||| (1991) in vivo swudies in rhesus monkeys demonstrated
very good mass balance for both oral and infra venous studies, which support almost complete urinary
excretion of systemic doses. However, the dermal in vivo study in ||| (1991) demonstrated poor
mass balance and the high dermal dose result showed an increase in faecal excretion (3.6% of dose); this
contradicts the intvra venous high dose results with 98.8% excretion of the systemic dose in urine. Given
the dermal study design with monkeys yielded poor mass balange, the results should not be cogsidered to
accurately represent dermal absorption for at least two reas§ (1 ﬂaklng d rub ing of § cculded
application application sites of the highly stressed animals , thepRymrestrained

in metabolism cages; and (ii) given the very low dermal t10 sate 331band to mouth
activity of monkeys with even very small oral exposu% wm@conf % ret proflle for the
dermal doses. Therefore, more value should be ascrl@s to rn n@ztro es u@g human skin for
assigning dermal absorption values.

Since the last evaluation some new in vitro studle&éﬁve b erf ed b nd1v1 1 task force members
with glyphosate formulations containing glyphog® at 3 480 g}L (see Table 5.9-3). All
studies were performed according to GLP apd @o:urre 428 (2004). The tested
concentrations correspond to the formulatio%%onc tes, @wel a yplc@ln use dilutions. As can be
seen from the results, the dermal penetr thré@xeh hul@ 1ds 1i d, with maximum values of
0.086%, 0.059% and 0.166% for the 0 g@ and g/[& ncentrates, respectively. The

absorption values for the in-use diluti(@are a@ very,Jow ranging fr .169% to 0.88%.

The new data below indicated that e d@@%&l abs@ption ¥elyphosate through human skin is clearly
below 1%, irrespective of glyphé% sa& form@tass@ 1sg®pylamine and ammonium salts) and
surfactant type. % &@

The low penetration poten @ iV cat dose dermal toxicity studies performed
in rats and rabbits (see T@@Je 5. ﬁ I s in vivo dermal toxicity studies, no signs of
t)

systemic toxicity were observe to 5
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Table 5.9-3: Summary of Results for Dermal Absorption of "*C-Glyphosate - SL. Formulation

Reference Content of Study design Tested Mean % of applied
(Data owner) glyphosate according to concentrations dose potentially
acid guideline / (actual) biologically
exposure available*
duration
@) (g glyphosate/L) (%)
2010 360 OECD 428 360 0.086
(IIIA 7.6.2/01) 24 h exposure 29.6 0.169
é (MON) 2.51 0.342
& [ 20102 450 OECD 428 459 0.059
2 (MON) 24 h exposure 29.3 0.821
£ 2 2.49 0.302
2.2 I 2010b 480 OECD 428 491 0.166,
8 E (MON) 24 hexposuredS 304 Q@ b 02670
BE & @b g @ 0529
8 360 OECD 428 ™\ [ °N\366 @ «gs
2 (2012b) (NUF) 8hex e 77% @ N63
g I 2003 360 OECD 4389 ﬁ S O 0.06
2 (SYN) 6 xposu@ 7 R KN o0
OE(‘Q\ZS @ %, 364 &\ —0.07
¥h exp @ LR 0.88

* Potentially biological available = amount in recept‘&s\flm *&moun

& mp— o slu@@
clu or cal@lation of potentially

Only the first two tape strips (considered as slra@] com ) we
available dose. & Q ©@
o & . o @

AN
Annex point Author(s) K Yead® Study tig&o D
I1A, 5.9.9/01 o] 26Mea §% Efj_@yph te SL Formulation (MON

b @} 545%\ In vieg Absorpuon of Glyphosate
% @ : R 1 Epi
@ B O
L& Qg <
@ | @
€ @ 9
@
?) X
Q\ > e: 2010-02-19
o\ NGLP: yes
S G unpublished

S @ | Unpublishe
Guideline: N OECD 428
Deviations: @ None

Dates of experimental work: 2009-05-26 to 2009-06-02

Executive Summary

The objective of this study was to evaluate the potential dermal absorption of glyphosate from a 450 g/L
SL formulation concentrate, as well as from two representative in-use dilutions, prepared as 1:15.6 (v/v)
and 1:188 (v/v) aqueous dilutions.

MC—g]yphosate was incorporated into the concentrate formulation and dilutions prior to application. The
doses were applied to human epidermal membranes at a rate of 10 pL/em® and left unoccluded for an
exposure period of 24 hours. The absorption process was followed by taking samples of the receptor fluid
(physiological saline) at recorded intervals throughout the exposure period. The distribution of glyphosate
within the test system and a 24-hour absorption profile were determined. All samples were analysed by
liquid scintillation counting (LSC).
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The total amounts absorbed after 24 hours were 0.012, 0.129, and 0.082% of the applied doses for the
concentrate, 1:15.6 (v/v) dilution, and 1:188 (v/v) dilution, respectively. The corresponding total
potentially absorbable amounts, represented by the mean absorbed dose together with the amounts in the
remaining skin, were 0.049, 0.796, and 0.245%, respectively.

Conclusion

The results of this in vitro study indicate the dermal absorption of glyphosate through human skin is very
slow, and that the vast majority of glyphosate will be washed off during normal washing procedures. The
results predict that the dermal absorption of glyphosate from potential exposure to this 450 g glyphosate/L
SL formulation (MON 79545) would be less than 1%.

L MATERIALS AND METHODS

A.  MATERIALS @@ .9 e @@°
1. Test materials: Q& ﬁ\’\?@ AS @Kv °<\9
a) Non radio-labelled test substance: [ ©@ \6 +§ §
... . Potassium salt of .;A\@- hos @techn@ y; M%ldl Q
Identification: § O N
(glyphosate-po@um) N
Description:  Clear, colo top ellézéi\ﬁqui oluti@\t@@in water)

Lot/Baich# A9BS004IKD O = L 9
©)

Chemical purity: Glypho&-pot@um: 5®§7%

GlyplesSate a% BT Q
Stability of test compound: E&@Sf da%}@ 11 @“JIO %@ $
b) Analytical reference standard: @ && QZ?’ @ \Q
Identification@gé‘vlyp@sate a@tica@ren@taﬂdard (glyphosate acid)
Description W% sol@ %
Lot/B@%#: -08@@1951@ @@
Chemicﬁ\purity@ 3.8 SIS
Stability of test compou;@ E daté@Ol 1@31
¢) Radio-labelled test substance \@ é}’ N
Identification:QMC- @- osa@s glyphosate acid)
Lot/Batch #: 53
Chemical purity: NC(Z(@t repo?@d
99.8 vy HPLC from supplier)
97 X% (confirmed by re-analysis, 2009-05-26)
Specific activity: 47 mCi/mmol; 1739 MBg/mmol; 277.9 uCi/mg; 10.28 MBg/mg
Stability of test compound: Not reported

Radiochemical purity:

¢) Blank formulation
Identification: Proprietary surfactant blend
Concentration of a.i.: 0%
Description:  Not reported
Lot/Batch #:  Not reported
Purity: Confidential
Stability of test compound: Not reported
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d) Formulated test substance
Identification: MON 79545

The formulation concentrate used was not supplied as complete
formulation, but had to be prepared from the ingredients a) and
¢) described above, to allow the incorporation of the radiolabel.

The test substance concentration in the prepared formulation was
confirmed by analysis.

2. Test skin source:
Species: Human
Source: Tissue bank (not further specified)
Age: Notreported
Sex: Not reported ©®

Q
Type of skin:  Not reported N S
b @ ‘\6 S @ N

S
@ @ §F S
B: STUDY DESIGN AND METHODS o&\@ @ ©) \Q Q&
Preparation of skin samples: X @ N °\@@

AN
@ @
N eo@s e epidermis was teased

A
S
S g an entify@g n er and stored frozen, at

Y606
Human skin samples were immersed in wate %’ 60 °@for 4
away from the dermis. Each membrane %@

approximately -20 °C, on aluminium foil @] requ@ﬁ@ fo%;@ ) @@ QQ
Test substance preparation @ @§ o?\’\, %@ $
Three test substance concentrations @resg@;g thee?tmulﬁ@n c n@ltrate and two field dilutions were
prepared at target concentration Qr 45%/’ 8.83Qnd 4\@}; Zgjjéosate/L. The nominal radioactivity
contained in the dose preparatio@@as 3@ Bq@ 0& @

ST A SR
Radioactive stocksolution Q\f\@-gl sate, O @Q

Dry "“C-glyphosate was s@@ﬁilisedE{Z n‘@%f watéand @ thoroughly.
o S
. . ﬁ\§ D RS @)

High dose (formulation conceritsste, 430/1.) (@)

A pre-mix was prepared by mixin @0 m Q%’ypho&a,te-potassium technical material with an appropriate
amount of proprietary surfactant d. S ty etglt microliters (78 pL) of the radioactive stock solution
was mixed with 519.9 mg of the pre-mig atergyas added to give a total weight of 654 mg. The solution
was mixed well. Assuming a densit% 1.5@ ¢/mL, the total weight was equivalent of (0.5 mL at a
nominal concentration of 459 g glyphosate/L.:

Intermediate dose (1:15.6 [v/v] aqueousf@tion 293 o/1)

A pre-mix was prepared by mixing 298.7 mg glyphosate-potassium technical material with an appropriate
amount of proprietary surfactant blend. Seventy eight microliters (78 pL.) of the radioactive stock solution
was mixed with 32.73 mg of the pre-mix. Water was added to give a total weight of 500 mg. The solution
was mixed well. Assuming a density of 1 g/mL., the total weight was equivalent of 0.5 mL at a nominal
concentration of 29.3 g glyphosate/L.

Low dose (1:188 [v/v] aqueous dilution, 2.50 g/I.)

A pre-mix was prepared by mixing 74.7 mg glyphosate-potassium technical material with an appropriate
amount of proprictary surfactant blend. Seventy eight microliters (78 pL) of the radioactive stock solution
was mixed with 2.18 mg of the pre-mix. Water was added to give a total weight of 500 mg. The solution
was mixed well. Assuming a density of 1 g/mL, the total weight was equivalent of 0.5 mL at a nominal
concentration of 2.50 g glyphosate/L.
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Analyses of dose preparations

The radioactivity content of the “C-glyphosate stock solution was determined by liquid scintillation
counting (L.SC) analyses of sub-samples of solvent dilutions. The radiochemical purity of the radiolabelled
test substance was determined by high performance liquid chromatography (HPLC). The radioactivity
content and homogeneity of the dose preparations were checked by LSC analyses. The radiochemical
purity was measured by HPLC analyses. The formulated 14C-glyphosate was shown (o be stable for 24
hours, the duration of the exposure period, in a previous study.

Preparation of diffusion cells
The skin membranes were placed in static glass diffusion cells providing an exposure area of 2.54 cm® of
skin. The cells had a receptor volume of approximately 4.5 mL. An integrity test was performed by
measuring the electrical resistance across the skin membranes. Membranes with a resistance of > 10 kQ
were considered having a normal integrity and used for the absorption study. Physiological saline was
chosen as receptor fluid. The skin surface temperature was mai@ned at32 + @OC using a wate@sfath.

&© @O @ ?X,@ B
Test substance application and sampling RN °Q\7\’ N Q\
Prior to dosing a pre-treatment sample of 500 pul. was ta@ fro@@ach @sim\@l, @replaced by an
equal amount of fresh receptor fluid. %@ §@ ® Qy& &Q

i {

©)
Each dose formulation was applied to the skin %bran%at the¥sate 0&% ul/ems exposed skin area
(25.4 uL. dose), corresponding to target conce@gatio 6145 293, @nd 25 ug/cm2 for the high,
intermediate, and low dose level, respectively. The apphsationsvere 1 OC(@@ied for 24 hours.

Q,

N O ©
Receptor fluid samples (500 uL.) were tak§h,by osan@er at @ 1, 2& 4,6, 8, 10, 12, 16, 20, and
24 hours atter application. After each sa ing,é’@ en@d at of @eptor tluid was replaced by an
equal amount of tresh receptor fluid. @ S © N

)

3 X
Terminal procedures © Q o@ @
After the last sampling, 24 ho§ afte@pplica%n, thosremagiing receptor fluid was discarded. The

receptor chamber was rinsed \’%th recr ﬂuicdgﬁat W Q&; Iso arded.
K O

N 6or
The donor chamber was @fullyovm@nd tl@@md e wiped with a single natural sponge, pre-
wetted with 3% Teepol L® i@er, {@ch we adde the wash sponges. The donor chamber was
washed with deionised water anda sana% w%&ﬁ(en fi SC analysis.

The epidermal surface of the skin @\s de @le @% by gently swabbing the application site with natural
sponges pre-wetted with 3% Teepol L®2§i\vat econtamination was shown to be complete following
assessment of residual radioactivity 16%@ on (lgg skin surface with a Geiger counter. The skin surface was
washed with further sponges pre-wetfed wi® water. All the sponges were combined and digested in
Soluene 350® and made up to a recorde lume. A sample was taken for analysis. The surface of the
skin was allowed to dry naturally. %

To assess penetration through the stratum corneum, successive layers of the skin surface were removed by
the repeated application of adhesive tape (Scotch 3M Magic Tape, 1.9 cm wide), to a maximum of 5
strips. Each strip of adhesive tape was pressed onto the skin surface and then carefully peeled off to
remove layers of stratum corneum. The adhesive strips were soaked individually in 30% v/v methanol in
water to extract any test material. The extracts were sequentially numbered and analysed by LSC, In some
cases, it was not possible to take the full 5 tape strips as the epidermis began to tear, therefore tape
stripping was discontinued. The last tape strip for these diffusion cells was digested with the remaining
epidermis, so as not to underestimate residues in the remaining epidermis compartment.

The remaining epidermis was carefully removed from the receptor chamber and digested in Soluene 350
and the whole digest analysed by LSC.
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Analysis of samples
Liquid samples of the receptor fluid, washing solutions, digested wash sponges, tape strip extracts and
digested epidermis by LSC using a Packard 3100 TR LSC counter and Goldstar as scintillation fluid.

Results of the analysis of the samples of receptor fluid collected in the study were expressed as amounts of
glyphosate in the receptor solution in terms of pg/cm’. The amounts absorbed, rates of absorption
(ng/cm’/h) and ‘percentage of dose absorbed’ were calculated. Membranes with absorption profiles that
indicate membrane damage during the course of the experiment have been excluded from calculations.
The results of the mass balance and distribution determinations are expressed in terms of amount absorbed
and ‘percentage of applied dose’.

The absorbed dose is considered the glyphosate detected in the receptor fluid, while the potentially
biologically available proportion of the dose is regarded as the sum of absorbed dose and the amount
recovered from the epidermis after tape stripping. The test erial removd from the sm@é of the
epidermis by the washing procedure, as well as the glyphos ecoveped fre @ermis, @the end of
p y gp elyp @ oy frogs %9\9 isd

the exposure, is considered unabsorbed. @\ 6 O
L RESULTS ANBDIS@RsIQY & o
o S o K Q

A.  ANALYSES OF UNFORMULATED “c-é{}YP}QSAT <
HPLC analysis of the unformulated sample of 14(&@%I’yphgm CO@G% @dioch@jcal purity of 97.5%.
X %)

B. ANALYSES OF DOSE PREPARATRONS N S o @
The achieved concentrations of glyphosatgdgp the @ pre@aﬁon@vere c@dated to be 458.9, 29.3 and
2.50 g glyphosate/L. in the formulatiO@Qonce@@ e, 1235.6 %@) di n, and 1:188 (v/v) dilution,
respectively. LCS analyses confirmed ge dose@@utioﬁ&b be hotiogengypus.

o crfriosdi . 5 o
C. DERMAL ABSORPTION OF GLYPHOSATE . o

The determined distribution of acti for (e diffe \nt dog e%roups are summarised in Table 5.94
below. @) @ xS % &@b
P 0O KR8
~N S & &
e 0 o &£
X 9 = @)
N <Y O
S S
QY &
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Table 5.9-4: Summary of Results for Dermal Absorption of 14C-Glyphosate - SL. Formulation
High Intermediate Low
Dose preparation (concentrate) (1:15.6 [v/v] (1:188 [v/v]
dilution) dilution)
Nominal concentration [g/1.] 459 293 2.50
Actual concentration [g/1.] 458.9 293 2.50
Applied dose [uL/cnr’] 10 10 10
Applied dose [ug/cm’] 4589 293 25.0
Number of cells accessed 4% 5% 6
Distribution of radioactivity (mean values)
% of % of % of
pg/em’ | applied cm’ | applied | pg/em® applied
dose dosg o > dose
Surface compartment N @ Y Y o?’\\;
Stratum corneum (tape strips) 1.25 0.027 < [0.254> (X987 (&E\\() 050" 1 0.201
Skin wash 4647 101 &2 3060 [Y93 g@ 26> 105
Donor chamber 2.64 0.058" (a8 Q02757 | a2 0.369
Receptor compartment N2 = w« 2| N Q
Receptor fluid (0-24 h) 0.573 12 00379 | g829 . ¢ 0.021 0.082
Total absorbed 0.573  {O.012Q ~N129 . ] 0.021 0.082
Remaining epidermis 170 . 2| 0032 |5 Ar0.66@° [0.040 0.163
Total potentially absorbable** 2274 0,@9 @23 0,7\@@ 0.061 0.245
Total recovery i 465@ y\(’@a 307@ 26.4 106
Absorption rates [pg/cm™/h °
s [nefem?/h] @éz S % 93)@36 0.001

* Some cells for these applications wer clud@%\fmm@@ﬁlatlo@s thegalytical data indicated that the
epidermal membrane may have beeg @magediduring 89 catlo%
é errm&@

** Total potentially absorbable = tof absc% + reggining
-9 & o Q

The overall total recover@ the@ee dge lev%@@was @d with mean values of 101-106% of the
applied dose. @ @

< o O o
Glyphosate absorption from th%e?\450 _,-'r@' oncmxrate fo@ulation was essentially constant over the entire
24 hour exposure period (mean ratg Q 0.02 Jem? > By the end of the exposure period, the mean total
amount of absorbed glyphosate wasx(. 57@@/cmﬂ(’§ 12% of applied dose).

From the 1:15.6 (v/v) and 1:188 (v/v) @Queou utions of the formulation, absorption was also essentially
constant over the entire 24 hour exposure period (mean rates = 0.016 and 0.001 pg/cm®/h, respectively).
At the end of the exposure period, the mgwn total amounts of absorbed glyphosate were 0.379 and 0.021
pg/em?’ (0.129 and 0.082% of applied d@ respectively.

For the formulation concentrate and both aqueous dilutions, the vast majority of the applied glyphosate
was removed from the surface of the epidermis during the washing procedure at the end of the 24 hour
exposure period (mean 101 - 105%). The mean total amount of glyphosate recovered trom the epidermis
(stratum corneum + remaining epidermis after tape stripping) was 0.064, 0.753, and 0.364% of the applied
dose (concentrate, 1:15.6 [v/v] dilution, and 1:188 [v/v] dilution, respectively). The mean absorbed
amounts were (0.012, 0.129, and 0.082% of applied dose, respectively. The amount of potentially
biologically available glyphosate (absorbed + epidermis after tape striping) for the concentrate, 1:15.6
(v/v) and 1:188 (v/v) dilutions were 0.049, 0.796, and 0.245% respectively.
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II1. CONCLUSION

The results of this in vitro dermal absorption study indicate that the absorption of glyphosate
through human skin is very slow. The vast majority of glyphosate was removed from the skin by the
washing procedures. The total absorbed amounts after 24 hour exposure were 0.012, 0.129, and
0.082% of the applied dose for the formulation concentrate, the 1:15.6 (v/v) dilution, and 1:188 (v/v)
dilution, respectively. The corresponding total potentially absorbable amounts, represented by the
mean absorbed dose together with the amounts in the remaining skin were 0.049, 0.796, and
0.245%, respectively. These data predict that the dermal absorption of glyphosate from potential
exposure to this 450 g glyphosate /L. SL formulation (MON 79545) would be minimal, at less than
1% of any potential dermal exposure.

Annex point Author(s) Year Study title & O’
1A, 5.9.9/02 I 2010b | 480 o/L, @phogs® SL Keyn
Vitg bso@i
\ .
- Vi

{

=

y\;\@

&

l(;rui(.lel.ine:. Q@ &&@?
eviations: Q)

Dates of experimental work: @Q %@& @

A

-9 @ o

Executive Summary & oL

Q
The objective of this stu @evalua@ﬁe pot@mal mal absorption of glyphosate from a 480 g/l
SL formulation concentrate, a 1 as &pm tK@epre@ ative in-use dilutions prepared as 1:16.7 (v/v)
and 1:200 (v/v) aqueous dilutions. @@ é}’ O
NN

*C-glyphosate was incorporated the°cen tormulation and dilutions prior to application. The
doses were applied to human epidern@emb@nes at a rate of 10 uL/cm® and left unoccluded for an
exposure period of 24 hours. The absdgption @ess was followed by taking samples of the receptor tluid
(physiological saline) at recorded intervals g ughout the exposure period. The distribution of glyphosate
within the test system and a 24-hour abs@sp ion profile were determined. All samples were analysed by
liquid scintillation counting (L.SC). %

The total absorbed amounts after 24 hour exposure were 0.007, 0.182, and 0.048% of the applied dose for
the formulation concentrate, the 1:16.7 (v/v) dilution, and 1:200 (v/v) dilution, respectively. The
corresponding total potentially absorbable amounts, represented by the mean absorbed dose together with
the amounts in the remaining skin were 0.123, 0.262, and 0.799%, respectively.

Conclusion

The results of this in vitro study indicate the dermal absorption of glyphosate through human skin is very
slow, and that the vast majority of glyphosate will be washed off during normal washing procedures. The
results predict that the dermal absorption of glyphosate from potential exposure to this 480 g/L. glyphosate
SL formulation would be less than 1%.
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Glyphosate & Salts of Glyphosate

I.
A. MATERIALS
1. Test materials:

MATERIALS AND METHODS

a) Non radio-labelled test substance:

Identification:

Description:
Lot/Batch #:

Chemical purity:

Stability of test compound:
b) Analytical reference standard:
Identification:
Description:
Lot/Batch #:
Chemical purity:
Stability of test compound:
¢) Radio-labelled test substance
Identification:
Lot/Batch #:
Chemical purity:

Specific ac
Stability of test coﬁ%gound

¢) Blank formulation

ot r@@d

5

Potassium salt of glyphosate technical material
(glyphosate-potassium)

Clear, colourless to pale yellow liquid (solution in water)
A9B50041K0

Glyphosate-potassium: 59.17%

Glyphosate acid: 47.28%

Expiry date: 2011-09-10 °
©® @ & & w@b

Glyphosate analytlcagi%eren \tan@ (gly@sat&@)
White solid @ N 0&\ §
GLP-0810- 1951@ @ ©© L Q&
99.8 % S & R
Expiry datc&ll@l «9 N

9 @ § © @@
14C-g@éﬁ sgg@ @d) QQ
5346832 \”\7 N

Wir &‘&ed

)
Radiochemical purltbQC@9 8’7&(by H® frop],@

97 8% (co@rme re- a@sm 2009-06-14)

Ci/gf@nol; 1@ M ol; 277.9 uCi/mg; 10.28 MBg/mg

§

O ©

@f‘?%

Identification: l@»prlet@ surfagtant blend
Concentration of a.i. QO% \ K

Description:
Lot/Batch #:
Purity:
Stability of test compound:
d) Formulated test substance

Identification:

2. Test skin source:
Species:
Source:

Age:

Q
No(yEport,
% repo‘i@%ﬁ

Conf@tlal

No%ported

MON 79351

The formulation concentrate used was not supplied as complete
formulation, but had to be prepared from the ingredients a) and
¢) described above, to allow the incorporation of the radiolabel.

The test substance concentration in the prepared formulation was
confirmed by analysis.

Human
Tissue bank (not further specitied)
Not reported
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Sex: Not reported
Type of skin:  Not reported

B: STUDY DESIGN AND METHODS

Preparation of skin samples:

Human skin samples were immersed in water at 60 °C for 40-45 seconds and the epidermis was teased
away from the dermis. Each membrane was given an identifying number and stored frozen, at
approximately -20 °C, on aluminium foil until required for use.

Test substance preparation
Three test substance concentrations representing the formulatiomeoncentrate and two field dilgiens were
prepared at target concentrations of 480, 28.7, and 2.4 @ ypl@sate/L @he n%ﬂnal 1oactivity

contained in the dose preparations was 3.3 MBq. @ @ @\
. . . 14 b @ \ °® 0\
Radioactive stocksolution of “C-glyphosate @ Q N 0& §
xoro

Dry "“C-glyphosate was solubilised in 2 mL of water @ mi QQI’ ly. Q &
L v R
High dose (formulation concentrate, 491 g/1.) % Q @} S @@

A pre-mix was prepared by mixing 5067. 02\@112(; @hos%@botas@lm nlcal material with an
appropriate amount of proprietary surfactani@jend. & enty &vht olite 8 uL) (= 78 mg) of the
radioactive stock solution was mixed w1t]9N 2.1 of pre- iX. W was added to give a total
weight of 670 mg. The solution was mix&} well m%g 4 g/mL, the total weight was
equivalent of 0.5 mL at a nominal concgtf#tatio 49 1o ho@te/L @

Intermediate dose (1:16.7 [v/v] aqum% dlﬁlsmn &%E) @ Q

A pre-mix was prepared by a§mg 3Q3.47 i@ gly«@osate’@as&um technical material with an

appropriate amount of proprlet surfactant @1d S %nty t microliters (78 uL) (= 78 mg) of the

radioactive stock solution w mi @% the@re-mix. Water was added to give a total
weight of 501 mg. The s&%ﬁ rmxe@vell suml a density of 1 g/mL., the total weight was

equivalent of 0.5 mL at a nolinal@oncen@tion yphosate/L
S B

Low dose (1:200 [v/v] aqueou:%llutl@, 3. 19435&) ©

A pre-mix was prepared by g 1(@ 1 elyphosate-potassium technical material with an
appropriate amount of proprietary mf@@t blend> Seventy eight microliters (78 uL.) (= 78 mg) of the
radioactive stock solution was mixed with 3.091¥ of the pre-mix. Water was added to give a total weight
of 501 mg. The solution was mixed v@l As@mng a density of 1 g/mL, the total weight was equivalent
of (.5 mL at a nominal concentration of 3.]%% glyphosate/L.

Analyses of dose preparations %

The radioactivity content of the “C-glyphosate stock solution was determined by liquid scintillation
counting (L.SC) analyses of sub-samples of solvent dilutions. The radiochemical purity of the radiolabelled
test substance was determined by high performance liquid chromatography (HPLC). The radioactivity
content and homogeneity of the dose preparations were checked by LSC analyses. The radiochemical
purity was measured by HPLC analyses. The formulated 14C-glyphosate was shown (o be stable for 24
hours, the duration of the exposure period, in a previous study.

Preparation of diffusion cells

The skin membranes were placed in static glass diffusion cells providing an exposure area of 2.54 cm® of
skin. The cells had a receptor volume of approximately 4.5 ml.. An integrity test was performed by
measuring the electrical resistance across the skin membranes. Membranes with a resistance of > 10 kQ
were considered having a normal integrity and used for the absorption study. Physiological saline was
chosen as receptor fluid. The skin surface temperature was maintained at 32 + 1 °C using a water bath.
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Test substance application and sampling
Prior to dosing a pre-treatment sample of 500 uL. was taken from each diffusion cell, and replaced by an
equal amount of fresh receptor fluid.

Each dose formulation was applied to the skin membrane at the rate of 10 pL/cm® exposed skin area
(254 pl. dose), corresponding to target concentration of 4906, 304, and 32.0 pg/cm2 for the high,
mtermediate, and low dose level, respectively. The applications were left unoccluded for 24 hours.

Receptor fluid samples (500 uL.) were taken by an autosampler at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and
24 hours after application. After each sampling, the removed amount of receptor fluid was replaced by an
equal amount of fresh receptor fluid.

Terminal procedures

After the last sampling, 24 hours after application, the r %}1 1nm@éceulqo\b@as d@rded The
receptor chamber was rinsed with receptor fluid that was al§&) 6 @
SR

The donor chamber was carefully removed and the ugérsidegy 1ped #th a sfﬁgle al sponge, pre-
wetted with 3% Teepol L® in water, which was adged to was@spo . The-Jonor chamber was
washed with deionised water and a sample was tal%\for L% analgg,s @@
@ -~

The epidermal surtace of the skin was decontaminated @gent wab the d@plication site with natural
sponges pre-wetted with 3% Teepol L® in %@r Desontamggation s sh to be complete following
assessment of residual radioactivity levels ®yg the sky¥Psurfags w1th@3€1ge@ unter. The skin surface was
washed with further sponges pre-wetted with \@@t Ad)) the ges @re combined and digested in
Soluene 350® and made up to a reco @e A°?&l’nplg% tak@y for analysis. The surface of the
skin was allowed to dry naturally. @@ && @ @ N

To assess penetration through t@am rneu§ucce§c§ve 1 «@s? of the skin surface were removed by
the repeated application of a ¢ (S 31\%&@0@;6, 1.9 cm wide), to a maximum of 5
strips. Each strip of adhesi @ ape V@?ﬁ pre <&
remove layers of stratum&gmeum. Yhe adhesive s@
water to extract any test materl @he e ts Wege seq 1a11y numbered and analysed by LSC, In some
cases, it was not possible to sake th 1 5 fape stripy” as the epidermis began to tear, therefore tape
stripping was discontinued. The lagt@pe stigg“for these diffusion cells was digested with the remaining
epidermis, so as not to underestlm@ emd@ n ﬂq@malmng epidermis compartment.

The remaining epidermis was careful movrom the receptor chamber and digested in Soluene 350
and the whole digest analysed by LSC.
Analysis of samples <

Liquid samples of the receptor fluid, &hing solutions, digested wash sponges, tape strip extracts and
digested epidermis by LSC using a Packard 3100 TR LSC counter and Goldstar as scintillation fluid.

Results of the analysis of the samples of receptor fluid collected in the study were expressed as amounts of
glyphosate in the receptor solution in terms of pg/cm’. The amounts absorbed, rates of absorption
(ng/cm’/h) and ‘percentage of dose absorbed’ were calculated. Membranes with absorption profiles that
indicate membrane damage during the course of the experiment have been excluded from calculations.
The results of the mass balance and distribution determinations are expressed in terms of amount absorbed
and ‘percentage of applied dose’.

The absorbed dose is considered the glyphosate detected in the receptor fluid, while the potentially
biologically available proportion of the dose is regarded as the sum of absorbed dose and the amount
recovered from the epidermis after tape stripping. The test material removed from the surface of the
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epidermis by the washing procedure, as well as the glyphosate recovered from the epidermis at the end of
the exposure, is considered unabsorbed.

II. RESULTS AND DISCUSSION

A.  ANALYSES OF UNFORMULATED “C-GLYPHOSATE
HPLC analysis of the unformulated sample of "*C-glyphosate confirmed a radiochemical purity of 97.6%.

B. ANALYSES OF DOSE PREPARATIONS

The achieved concentrations of glyphosate in the dose preparations were calculated to be 490.6, 30.4, and
3.20 g glyphosate /L. in the formulation concentrate, 1:16.7 (v/v) dilution, and 1:200 (v/v) dilution,
respectively. LCS analyses confirmed the dose solutions to be homogeneous.

C. DERMAL ABSORPTION OF GLYPHOSATE ©°
The determined distribution of radioactivity for the dlfferen&@ose i? glmrq@edol&@able 5.9-5
below. Q> ©\
b & O &
Table 5.9-5: Summary of results for dermal absorption of{\@@ lyph ate @ for 10n@\©
High-& @ ) Intt@nednigs @ Low
Dose preparation (conce te) @5 6.7 [&/ G (1:.200.[V/V]
D dllg};@) N dilution)
Nominal concentration [g/L] A9 @ @ 30 52 3.19
Actual concentration [g/1.] *4”90.6@\,: O 304 © 3.20
Applied dose [uL/cn’] & 10Q Y O 109 10
Applied dose [pg/cm’] @ 498 2| @ 33N 32.0
Number of cells accessed SN N X 5
. ﬁ@@ && %i@ibgt@ ot; @ioactivity (mean values)
© @ % ofv % of % of
N @g/c 2&@ ap@ @@/»cm2 applied | pg/em® | applied
NI S ®ke O dose dose
Surface compartment s P © N
Stratum corneum (tape strips) & | 685  «D.140Q" | 0.061 0.020 0.045 0.139
Skin wash N 1420 <« J100©9 1303 99.7 31.7 99.0
Donor chamber AR339,.9 |1 g;b 2.72 0.894 <LOQ** | <LOQ**
Receptor compartment ;\\g
Receptor fluid (0-24 h) (IR 2K .007 0.553 0.182 0.015 0.048
Total absorbed @342 5T 0.007 0.553 0.182 0.015 0.048
Remaining epidermis 5.70 8, 0.116 0.244 0.080 0.241 0.752
Total potentially absorbable*** 6.00° [0.123 0.797 0.262 0.256 0.799
Total recovery 4587 102 307 101 320 100
0.011 (0-10 h) 0.134 (0-1 h) 0.0016 (0-6 h)
Absorption rates [pg/cm’/h] 0.016 (10-24 h) 0.066 (1-24) 0.0003 (6-24 h)
0.014 (0-24 h) 0.027 (0-24) 0.0006 (0-24 h)

* Some cells for these applications were excluded from calculations as the analytical data indicated that the
epidermal membrane may have been damaged during application.

#% LOQ, Limit of quantitation. The LOQ for the donor chamber was 0.003 pg/cm? and 0.010% of applied dose.
*** Total potentially absorbable = total absorbed + remaining epidermis.

The overall total recovery for the three dose levels was good, with mean values of 100-102% of the
applied dose.

Glyphosate absorption from the 480 g/L. concentrate formulation increased slowly over the entire 24 hour
exposure period (mean rate = 0.014 pg/cm’/h). The mean rates during the first 10 hours and between
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10-24 hours were 0.011 pg/cm’/h and 0.016 pg/cm’/h, respectively. At 10 hours, the mean amount of
glyphosate absorbed was 0.105 pg/cm? (0.0021% of applied dose) and by the end of the 24 hour exposure
period, the mean total amount of absorbed glyphosate was 0.342 pg/cm’ (0.0070% of applied dose).

From the 1/16.7 v/v aqueous dilution of the formulation, glyphosate absorption was fastest during the first
hour of exposure (rate of 0.134 pg/cm?/h). The rate decreased to 0.066 pg/cm*h over the remainder of the
24 hour exposure, giving an average absorption rate of 0.027 pg/cm’/h over the entire 24 hour exposure
period. At the end of the exposure period, the mean total amount of absorbed glyphosate was 0.553
pg/em® (0.182% of applied dose).

From the 1/200 v/v aqueous dilution of the formulation, glyphosate absorption was fastest during the first

6 hours of exposure (mean rate = 0.0016 pg/cm’/h). The rate decreased to 0.0003 ug/cmzlh over the

remainder of the 24 hour exposure, giving an average absorption rate of (0.0006 pg/cm’/h over the entire

24 hour exposure period. At the end of the exposure period, th@ean total amount of absorbed@ﬁphosate
0.015 pg/em’ (0.048% of applied d @

was pg/em’ ( o of applied dose). (&& o @ © @ o%

@
For the formulation concentrate and both aqueous dllut1®s st RyOTitY v@xe d glyphosate
was removed from the surface of the epidermis durin, Gre waghing PESE edure%t the of the 24 hour
exposure period (mean 99-100%). The mean total @ount glypl@ate % veredSrom the epidermis
(statum corneum + remaining epidermis after tap ppln%was 6,040 ajl;% 91% of the applied
dose (concentrate, 1/16.7 [v/v] dilution, and %0 dil re@ectlv The mean absorbed
amounts were 0.007, 0.182, and 0.048% of&apphe@ ose %speo@ T& amount of potentially

biologically available glyphosate (absorbed @mer afte@e striping) fﬁhe concentrate, 1/16.7 and
1/200 dilutions were 0.123, 0.262, and 0. 79&% respegtively©

O
@ R Q
gg@m@w&@’ Q

The results of this in vztro rptloyﬁ~° studﬁlndlc@e that the absorption of glyphosate
through human skin is very ;%ow T vast 0r1t °§§ glyplitesate was removed from the skin by the

washing procedures. The bed Shou fter hour exposure were 0.007, 0.182, and
0.048% of the applled cMor th mu@mn @ncentgate, the 1:16.7 (v/v) dilution, and 1:200 (v/v)
dilution, respectively. The cor, tott@)ote ly absorbable amounts, represented by the
mean absorbed dose toget w1thf%e am nounts @ the remaining skin were 0.123, 0.262, and
0.799%, respectively. These dataQ%dlct ¢hat th¢ dermal absorption of glyphosate from potential
exposure to this 480 g glyphosaQ SI\@brmu&@m (MON 79351) would be minimal, at less than
1% of any potential dermal exposure.SQ @
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Annex point Author(s) Year Study title
IIA, 5.9.9/03 _ 2011 Glyphosate 360 IPA Salt (CA2273): In Vitro

Absorption through Human Epidermis using
[14C]-glyphosate

Report No.: [|2147-REG

Date: 2012
GLP: yes
unpublished
Guideline: 1) OECD Test Guideline 428 (2004). Skin Absorption: In_Vitro
Method. nb

2) OECD (Guidance me@lo 204)%@6 Cpﬁﬁct of
Skin Absorption St (%%s \} o@
3) European Comm@%dancgg> ocu@ on@mal

Absorption (200 Q
Deviations: None @ @ \Q Q&
Dates of experimental work: 18th Aprll 1 to @ Jun@ll @& o\@

@ S 2

Executive Summary © @
The penetration of glyphosate from a %@ﬁlos @%0 @ Sa@(CAQ@) formulation concentrate,
containing a nominal 360 g glyphosate w/@aqueo@dilut'@ of the concentrate, containing
a nominal 2.7 g glyphosate/L., throug an q. Siderntiivas sure vitro over 24 hours. The doses
were applied to the epidermal me es aﬁg rat %f 10 a@ left unoccluded for an exposure

stratum corneum and remdual e §rma ue) gﬁ“er 24 urs ime course penetration profiles were
also determined. [*C]- glyp ted 1 theéQ es prior (o appllcatlon The penetratlon

process was followed by tak WS of (@ rec
1

throughout the experime ﬁ%erlo sam@es wﬁ

Penetration of Formulatlon conc@@irate

period of 8 hours. The dlstrlbutlol@af ‘é: sategy thln @@stem (skin washes, donor chamber,
S t

mean penetration rate slowe 0.0 ug/c
penetration rate was (.283 ug/cm2 etw@:’ 0-2 hours, the penetration rate was, on average, 0.109

pg/cm?h. The mean amount p ated, @er ntire 24 hour exposure period was 3.51 pg/cm?,
corresponding to 0.096% of the applie ¢ mean total recovery of the applied test material was
110%. The vast majority of the applie ypho@ (mean 109%) was washed off the skin at 8 hours, with
a further 0.417% washed off at 24 houfs. A sWall proportion of the dose applied was recovered from the
stratum corneum and remaining epidermls 034% and 0.043%, respectively).

Penetration of the 1/133 w/v aqueous strength dilution glyphosate was fastest between 0-1 hours
(0.009 pg/cm?/h). The mean penetrationYate slowed to 0.002 ng/cm?h between 1-24 hours. Between 0-8
hours the mean penetration rate was 0.003 ng/cm?h. Between (0-24 hours, the penetration rate, on average,
was 0.002 pg/cm?h. The mean amount penetrated over the entire 24 hour exposure period was
0.050 pg/cm’, corresponding to 0.183% of the applied dose. The mean total recovery of the applied test
material was 106%. The vast majority of the applied glyphosate (mean 100%) was washed oft the skin at
8 hours, with a further 4.44% washed off at 24 hours. A small proportion of the dose applied was
recovered from the stratum corneum and remaining epidermis (0.242% and 0.362%), respectively.

The results obtained in this study demonstrate that the penetration of glyphosate from this
glyphosate 360 IPA Salt (CA2273) formulation concentrate and its 1/133 w/v dilution, through
human epidermis is at a very slow rate. The extent of glyphosate penetration through human skin
from the concentrate was below 0.1% and amounted to less than (0.2% of the applied dose, for the
aqueous dilution, after 24 hours.
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The vast majority of the applied dose could be removed by gentle skin washing after 8 hours. Only
low proportions of the dose were associated with the skin at the end of the 24-hour experimental

period.

L MATERIALS AND METHODS
A. MATERIALS
1. Test material:
Identification: [**C]- glyphosate
Description:  Dry radiolabelled material
Lot/Batch #: XIX/5B
Purity: 95.88%
Stability of test compound: Not specified Q@ . @ %" @b
2. Vehicle and/ C:& ﬁ\’\?@ Q @Kv °<\9
or positive control: water D <) \b NS °\©
3. Test animals: %@ @Q @Q 0&\ §
Species: Human skin ins ) N@» \Q Q&
Source: Human Tissank @rce Qe spec@%d) o\@
Age: Not specifiégd @Q ”\@ ?&9@ )
Nopeled @ O O P
Sex: Not sp;:\o ed qp @@ @ <)
O
S S & &
. S v N
B: STUDY DESIGN AND METI@’DS ) % Ko
o

Experiment dates: 18th April 200 IS@une 1

@ 4 ©

Study Conduct: N % “@ % @&

Human in vitro membra%\wer@ epargd=in st@% gl diffusion cells. Membrane integrity was
determined by measurenzént of the elecrical resi§@nce @s the skin membrane. Membranes with a
measured resistance of <10 MM 2@ wergyegarded as having a lower integrity than normal
and not used for exposure tothe tg ategials. Cefls were selected such that each application was
represented by six intact membragegdrom (ree gﬁ@rent subjects. The receptor chambers of the cells
containing small magnetic stirrer Bars we‘re@ﬂled a recorded volume of receptor fluid (physiological
saline) and placed in a water bath mai ed @a temperature of 32°C + 1°C. Glyphosate is soluble in

water at 10.5 g/ (Safety data sheet dgicd 2Q2/2009) and this choice of receptor fluid ensures that the
elyphosate can freely partition into the rgc tor fluid from the skin membrane and never reaches a

concentration that would limit its diffugign. A pre-treatment sample (0.5 mL) was taken from each
receptor chamber for analysis by LSC f&gget to dosing. An equal volume of fresh receptor fluid was added
to cach receptor chamber to replace the volume removed. The formulation was applied to the skin
membranes as the product concentrate and as a 1/133 w/v aqueous spray strength dilution. The
applications were left unoccluded for the duration of the experiment (24 hours). Samples of the receptor
fluid (0.5 mL) were taken using an autosampler at pre-treatment, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20 and 24
hours after application for analysis by LSC. After the 8 hour sample had been taken the skin was washed
and allowed to dry naturally. Samples were taken during the procedure to determine mass balance. To
assess penetration through human stratum corneum, successive layers of the skin surface were removed by
the repeated application of adhesive tape (e.g. Scotch 3M Magic Tape, 1.9 cm wide), to a maximum of 5
stips [ <t 2. 1994). A stip of adhesive tape was pressed onto the skin surface and then
carefully peeled off to remove the stratum corneum. The adhesive strips were soaked individually in water
to extract any test material. The extracts were sequentially numbered and analysed by LSC.

The penetrated (systemically available) dose is considered to be the amount of glyphosate detected in the
receptor fluid. Material removed from the surface of the epidermis by the washing procedure is regarded
as not bioavailable. Glyphosate recovered from the epidermis at the end of the experimental period is also
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considered not to be bioavailable, although it is recognised that a proportion of this material may penetrate
beyond the duration of the experimental period investigated in this study. In vivo, the majority of the dose
in the epidermis, especially that recovered from the stratum corneum (i.e. that found on the tape strips),
would eventually be lost by desquamation (| 1992

II. RESULTS AND DISCUSSION

Table 5.9-6: Summary of results for the concentrate Formulation

Mean Amount and Percentage of
Mean Penetration Rate Dose Penetrated
Application of Test
Materials and Actual Penetration
Concentration of Dose rate (ug/cmzlh Time Amount
Preparation Time period (h) + SEMR. (h) (ug/cmz) ~Percentage
. ©r
Formulation concentrate S o @ °
SRR
(366 g glyphosate /L) 0-2 0544 0.58)° \© . @1.8&@ 0.05
10 pL /fem? (3662 ug Y S NN
glyphosate fem?) -8 @%83 gﬁﬂ Q 8 Qy &@ 0.074
Unoccluded 2-24 °§@0.07 + .03%@9 23 QSl 0.096
Duration of exposure: 8h 0-24 ?”\,& 0. 0.0@ \@@
n=5s 9| & @ | g 0079 0.002
%
o RSN
1/133 w/v Aqueous Dilution N Q@’ & D @C‘%)
<
Table 5.9-7: Summary of results for the 3 aqu@a@us dilﬁ@n @0\,7@ @
(3 R A {2\)] Mean Amount and Percentage of
@/Ieaﬂﬁg&enetr @n Ra§ N Dose Penetrated
Application of Test ® g NI o\@@?
Materials and Actual 6 @ @ éetrat@%n
Concentration of Dose & % S (n /h Time Amount
Preparation NS Tim@erio;&@) RS + ) (h) (ug/cmz) Percentage
1/133 w/v aqueous dilutiof [ @ O S K>
(2.72 ¢ slyphosate /L) S 0 <O | oo+ 0005 1 0.009 0.033
10 uL/em® (27.2 pg ~ TR N
elyphosate/cm?) m\ -8 @“@» f‘g 0.003 £ 0.001 8 0.024 0.086
Unoccluded 1 @ N 0.002 + 0.0009 24 0.050 0.183
Ny %)
Duration of exposure: 8h 9@24 @@U 0.002 £ 0.0009
2D
n=>5 N LOQ 0.0003 0.001

II1. CONCLUSION

The results obtained in this study demonstrate that the penetration of glyphosate from this
glyphosate 360 IPA Salt (CA2273) formulation concentrate and its 1/133 w/v dilution, through
human epidermis is at a very slow rate. The extent of glyphosate penetration through human skin
from the concentrate was below 0.1% and amounted to less than 0.2% of the applied dose, for the
aqueous dilution, after 24 hours. The vast majority of the applied dose could be removed by gentle
skin washing after 8 hours. Only low proportions of the dose were associated with the skin at the
end of the 24 hour experimental period.

Based on the EU and the OECD Globally Harmonized System (GHS) classification criteria,
glyphosate is not to be classified for this endpoint



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 703 of 1027
Annex point Author(s) Year Study title
IIA, 5.9.9/04 _ 2003 Glyphosate SL (360g/1) Formulation (A12798Q):

In Vitro Absorption Through Human Epidermis

Data owner: Syngenta

Report No.: 1732

Date: 2003-05-28

GLP: yes
not published
Guideline: OECD 428
Deviations: None bo
Dates of experimental work: 2002-12-0800 200305-28D @° @
KSR CARS {@ S
& 9
b @Q’) RSN
@ > [N

Excecutive summary Q

The absorption and distribution of glyphosate from @ AlZ@Q 3@g/L @ m@lon was measured
i vitro through human epidermis. The doses w&;@apph ncen@ate fo tion (360 g/L) and
as a 3/200 v/v (5.4 g/L) spray strength dilution @the f ulatl@ in waldt. The\a Sorption process was
followed using [**C]-labelled glyphosate, whi as ac@d prl@ 0 appiatio he doses were applied to

the epidermal membranes at a rate of Sul/cfian unoc@de f ure period of 6h and 24h.
These applications were designed to sim pot@lal hufsd 1 e@ure to the 363g glyphosate/l
SL formulation and its 3:200 v/v aqueouggpray @tlon@lng al §

The distribution of glyphosate w1th®the e‘&@syyst and“@4 u@absorption profile (ug/cm’/h) was
determined. The results obtain Is stud dlca hosate is absorbed through human
epidermis from the concentrat orm low ¢; the mean rate of absorption was
0.02ug/cm’/h over a 24 h per%l tlon S al@ery tor the 3/200 v/v aqueous dilution; the
mean absorption rate over

For the concentrate the y e ap dos@l 00 103%, was removed by mild skin washing at
6 and 24 hours respectively, w 0 04 0 @] of pplied dose was left in the human epidermis at
6 and 24 hours respectively. Qﬁ@r the@aray rehgth @utlon the majority of the applied dose, 90.8 and
87.9%, was removed by mild skin 4 hours respectively, whilst 0.31 and 1.10% of the
applied dose was left in the hum 1derr@at 6 ﬁ 24 hours respectively.

These data predict that the human @nal orption of glyphosate from potential exposure to this
formulation (A12798Q) either as the concgntrate formulation or as a 3/200 v/v aqueous spray strength
dilutions, would be minimal. é

L yATERIALS AND METHODS
A: MATERIALS:

1. Test material: 360g glyphosate/l SL formulation concentrate (A12798Q)
Description: brown liquid
Lot/Batch number: FLO020886
Purity: 28.3% (w/w) glyphosate
Stability of test Confirmed

compound:
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Radiolabelled Test Material: [MC]-glyphosate

Radiochemical number: 6550

Radiochemical purity: 98.2%

Specific activity: 294.6 uCi/mg (11.0 MBg/mg)
Stability of test confirmed

compound:

B: STUDY DESIGN AND METHODS
In-life dates: Start: 12 February 2003 End: 18 March 2003

Diffusion cell: Diffusion of glyphosate into and across the skin to a receptor fluid was measured using
glass diffusion cells in which the epidermis formed a horlzonta@embrane and r0v1ded an app@atlon

area of 2.54¢m’.
0% Y o%

Receptor fluid: The receptor tluid (physiological sallne) s ch to s@re th osate would
treely partition into this from the skin membrane and n ea atlo at wanld limit its
diffusion. Glyphosate acid is highly soluble in water é ow 10 =<- 3@ Q&

Skin preparations: Extrancous tissue was remo from@,l le sam obtained from
surgery or post mortem. The skin samples wereﬁmmer n w 45 seconds. The
epidermis was carefully peeled from the dem@and sired fr unt]@ qulr or use.

@’
Skin preparation integrity: The 1ntef thegy »~ br%es was&:ck measurement of the

electrical resistance across the skin. Ol ose@mbrﬁes w1 ac ale resistance (>10kQ),

thereby showing that they were 1ntac® er% on %?stud% Q
Test substance: The two doses&e pregared t0*§mlc t«&%@conﬁ@&al 360g/L formulation and its
T
in

aqueous spray dilution (3/200 v/ 0 @e vol e of [@] labelled glyphosate (equivalent to
27.0 MBq) was blown down° g.str n gas and added to 1 mL of the
glyphosate formulation. pray Qreng t10 appropriate volume of [*“C]-labelled
elyphosate (equivalent to 1 M@) was @ow d added to 15 uL of the unlabelled
glyphosate formulation and 98@ of d nlse ater e doses were prepared as close to the time of
application as was practicable and w@ al)@d to cgniirm their suitability for use in the study.

D

Application to the skin: Each app%cat as r%}\esented by six replicates from at least two different
animals at a dose of Spl/cm? and left un@cludr the exposure period.

Temperature: Throughout the experimentghe receptor fluid was stirred and the epidermal membranes
were maintained at a normal skin tempe%@ of 32 + 1°C in a water bath.

Duration of exposure and sampling: For the cells exposed to the test preparations for 24 hours during
which time samples of receptor fluid were taken at suitable intervals (0.5, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20
and 24 hours) to allow adequate characterisation of the absorption profile. For cells assigned to the 6 hour
exposure period, the receptor fluid samples were only taken 6 hours after application.

Terminal procedures: The donor chamber was carefully removed and washed with deionised water and
the sample analysed by LSC. The epidermal surface of the skin was decontaminated by gently swabbing
the application site with natural sponges pre-wetted with 3% Teepol® and with further sponges pre-wetted
with water. Decontamination was shown to be complete following assessment of residual radioactivity
levels on the skin surface with a Geiger counter. The sponges were digested in Soluene 350® and made up
to a recorded volume. To assess penetration through the stratum corneum, the skin was allowed to dry
and adhesive tape was repeated applied to the skin’s surface and then carefully peeled off to remove the
stratum corneum. The adhesive strips were soaked in methanol to extract test material. The extracts were
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sequentially numbered and analysed by LSC. The remaining epidermal tissue was carefully removed
from the receptor chamber and digested in Soluene 350® and analysed by LSC.

Data: Results of the analysis of the samples of receptor fluid collected in the study were expressed as
amounts of glyphosate in the receptor solution in terms of pg/cm’, ‘percentage of dose absorbed” and rates
of absorption (ug/cm’/h). The results of the mass balance and distribution determinations are expressed in
terms of amount (pg/cm?) and ‘percentage of applied dose’ (see Tables below).

Definition of absorbed test material: The absorbed (systemically available) dose is considered to be the
glyphosate detected in the receptor fluid. Material removed from the surface of the epidermis by the
washing procedure is regarded as unabsorbed. The glyphosate recovered from the epidermis at the end of
the exposure is also considered to be unabsorbed, although it is recognised that a proportion of this
material may be absorbed beyond the duration of the exposure investigated in this study. In vivo, the
majority of the dose in the epidermis, especially that recovered@m the stratum corneum, wou
eventually be lost by desquamation. Q @ @ @

NS N @ '~
Il.  RESULTS AN@ISQ@ION\b -O P
Recovery of radiolabelled test material in these experi s Wiy ery g5 % (e, ﬁhs of @and 95% of the
applied dose for the concentrate and aqueous spray st@lgth d@tlon r@)ecu@y)

XN

Concentrate formulation: Glyphosate absorptg . hu epi@mis %@%@ fastest between 0-4
hours (0.07 pg/cm?/h) of application, after whick it slos d to & g@l/h 34@4 hours). Between 0-24

hours, the mean rate of absorption was 0. @@15;/0 mourf®of g osate absorbed over time
periods representing a range of typlcal&workl@ days S@d 10g}iours) were 0.20, 0.20 and

0.28ug/cm’, respectively. In terms of pe@ntag %) ap, Bed do ctive amounts were 0.01, 0.01
and 0.02%.0ver 24 hours, the amou sorb as (. ug/g% (0.03@ of the applied dose). Mild skin
washing at 6 and 24 hours removed lfy all ( and\{®3 %, réspectively) of the applied dose from

the surface of human epidermis. I~ d 1ed whl@g as found to be associated with skin
6 and 24 hours following washl% éand &» %, r&ectlv@r

3/200 v/v dilution: The fa rat%@b @n th@
(0.011 pg/cm?/h), after slowed s tha@

the mean rate of absorptlon w 7@’ &)
periods (6, 8 and 10 hours) 0 0 .01 0 02Qgg/cm’, respectively. In terms of percentages of
applied dose, the respective amounk&@as 0. (@g% for&he 6,8 and 10 hour time points. Over 24 hours, the
amount absorbed was 0.02 },Lg/chQ 07 the ied dose). Washing at 6 and 24 hours removed 90.8

and 87.9% of the applied dose, respectivey. Fogghe 3/200 v/v spray dilution, the percent of applied dose
which was found to be associated wi n 6 § 24 hours following application was (.31 and 1.10%.

3
©
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Table 5.9-8: Summary of glyphosate absorption through human epidermis

Application of Test Materials Mean Absorption Rates Mean Amount :;i)f;:(cientage of Dose
Time period Absorption rate Time Amount Percentage
(h) (ng/cm*h + SEM) (h) (ng/em?) absorbed
Concentrate Formulation
(364g glyphosate/l) 1-4 007+ 0.02 6 #0.20 0.01
5 ul/em? (1821 pg aifem?) 4-24 0.02 £ <0.01 8 #0.20 0.01
Unoccluded 0-24 0.02 +<0.01 10 0.28 0.02
Duration of exposure: 24h 24 0.50 0.03
n=4 LOQ 0.25 0.01
3/200 v/v aqueous spray diln
(6.70g glyphosate/1) 0-0.5 0.011+ 0.004 @ 6 @ . Z»bo 0.04
5 ul/em’ (33.5 pg ai/em?) 0.5-24 0.001 + <0, 0% 28 O & 004
Unoccluded 0-24 0.001 + <001 e 10\© . &?oz o\© 0.04
Duration of exposure: 24h %@ é) 2@ 0&\ 0.0§ 0.07
n=>5 o @ @@1 KON 0.02
* The LOQ values have been used as positive values in the c%@tlon o%e mez@&here values Wer&;}@Q
@) @ N

Table 5.9-9: Summary of glyphosate dlstrlbutlonéﬁ’om t %nce;ﬁmte f@latloﬁ’@- 6 hour exposure

Test Compartment Percentﬁg@f Doecove@ (%), ) @Q@ Mean % SDh

celes | cagl| c@rns ) QenssO| cofy | Recovered
Stratum Corneur 0.02 0@ | Qw0 §9\63 0.02 0.01
Donor Chamber 0.52 @ 1 Qi@’ 849, \8 Q 0.03 5.44 7.97
Skin Wash 110 Qy 102 @ Qb‘ 9 96.4 100 6.13
Remaining Epidermis 0.01 @3 <0@% %5‘7'01 ‘&, 0. 0&} 0.06 0.02 0.02
Absorbed 0.025 8&8 &@0.01#% 97)“ 0.01 0.03 0.03
Total Recovered W 42 F 1 | 17 9.5 106 8.06
Stratum corneum = amount in m strips@emaini@ epidermbsd epi@wal tissue remaining dafter tape stripping; Absorbed =
amount in receptor fluid @ & @ O
N Q@ ©

Table 5.9-10: Summary of glyphosat@@tribu@iﬁ’l from the 3/ 200 aqueous spray dilution — 6 hour exposure

Test Compartment Q Perc @e of &(\iQ Recovered (%) Mean % SD

Cell 5 @ 13@ Cell 14 Cell 21 Recovered

Stratum Corneum 0.02 > 0. 1@ 0.33 0.1 0.16 0.13
Donor Chamber 0.02 11.0 0.54 2.90 5.39
Skin Wash 94.6 @4 0 80.7 94.0 90.8 6.75
Remaining Epidermis 0.04 %0 09 0.38 0.08 0.15 0.16
Absorbed 0.02 0.02 0.03 0.04 0.03 0.01
Total Recovered 94.7 94.3 924 94.8 94.0 1.11
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Table 5.9-11: Summary of glyphosate distribution from the concentrate formulation — 24 hour exposure

Test Compartment Percentage of Dose Recovered (%) Mean % SD
Cell 68 Cell 72 Cell 87 Cell 91 Recovered

Stratum Corneum 0.01 0.02 0.02 0.01 0.02 <0.01
Donor Chamber 0.01 0.01 0.01 18.1 4.53 9.04
Skin Wash 106 110 109 86.6 103 11.0
Remaining Epidermis <0.01 <0.01 0.03 0.07 0.03 0.03
Absorbed 0.02 0.02 0.04 0.04 0.03 0.02
Total Recovered 106 110 109 105 107 2.37

Table 5.9-12: Summary of glyphosate distribution from the 3/200 aqueous spray dilution — 24 hour exposure

Test Compartment Percentage of Dose Recovered (%) Mean % . SD
Cell6 | celle | cel1l7 | cM1 [ cel2gg,| Reeoyered ¢
Stratum Corneurm 0.03 0.94 0.88 K@% P 0.0 G o% 0.43
Donor Chamber 0.01 16.2 6.74 Q} 6.96 @ @ . § 6.66
Skin Wash 95.0 77.0 87.0 %@ 3% V4.6 ;\l“ § 739
Remaining Epidermis 0.02 0.56 19%) @59 O (@ 4963 0.78
Absorbed 0.08 0.09 Q@b A 0.05 R 0{93 Qo 07 0.02
Total Recovered 95.1 94.8 @66 94.@ s N 950 0.96
@ % @f
Il’I@ON US 5&1 %

The results in this study demonstra that e ab

ti osate from a 360g/L. SL
formulation or its aqueous dilution ( 1s g melyystow t ugh human epidermis when
compared with the absorption rate@s oth en%%ts using th@ v1tr0 technique (Dugard et al,
1984a; Dugard et al, 1984b). N)
The vast majority of glyphosat reat r tha @‘7) @ma{@ome into contact with human skin
will be removed during normabashg@proc@ures
The small residual amounts@" gly nd ma 1n, especially that recovered from the
stratum corneum, is mo ely@ @& r@lon in vivo. Over 24 hours, the amount
absorbed for the conceéﬁx;at g/cmz@ 03 @of the applied dose) and was 0.02 ug/cm2
(0.07 % of the applied dose) f@@e 3/289 spr@hlutl@

N @

& C

9, K@
Q\ @
PART 1 : OTHER RELEVANT RE@ULA@RY STUDIES

N\
ITA 5.10  Other/special studQs

Three studies were conducted to further ifyeStigate effects of glyphosate which were previously observed
in classical toxicological studies. A nul%r of repeat dose studies in rodents have identified alterations of
salivary glands, described as increased basophilic staining and enlargement of cytoplasm especially in the
parotid salivary glands. The toxicological significance of this effect has been previously unexplained and
because of this the 2004 JMPR review of glyphosate concluded that this treatment-related effect was of
unknown toxicological significance. This lead the JMPR to established a group ADI for glyphosate and
AMPA of 0-1.0 mg/kg bw on the basis of the NOAEL of 100 mg/kg bw per day for salivary gland
alterations in a long-term study of toxicity and carcinogenicity in rats and a safety factor of 100 (|
- 1993). The JMPR evaluation hypothesised that the low pH of glyphosate technical acid in the diet
caused local irritation in the oral cavity leading to the observed salivary gland effects. The objective of this
study was to evaluate the potential effects of low pH diet on the parotid salivary glands. Citric acid was
selected as an appropriate surrogate for glyphosate, having both a similar pH-dilution curve and low
toxicity. Therefore, a study with citric acid was performed to evaluate the potential effects of a low pH on
the parotid salivary glands. Citric acid was given to male rats in diet (14000 ppm) and via gavage (791-
1316 mg/kg bw/day). Trisodium citrate dihydrate (21400 ppm, an equivalent citrate ion concentration)
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was also given in a diet for eight weeks (minimum of 56 days). Higher parotid salivary gland weights and
a generally correlative increase in severity of background cytoplasmic alterations in the parotid salivary
glands at all dose levels was observed. These effects were noted as most severe in the low pH dietary test
group. In the absence of cytotoxicity and hyperplasia the noted effects were considered as an adaptive
response rather than an adverse effect and are consistent with the hypothesis that low pH diets result in
adaptive cellular responses within the salivary glands (jjj 2002, 1A 5.10/01).

Since effects on salivary glands were previously not observed in every rat strain, a study was conducted
@l 1°96; TIA 5.10/02) to investigate strain specific effects. Administration of diets containing
20000 ppm glyphosate acid to male rats for 4 weeks produced marked strain differences in the severity of
effects in the parotid salivary gland. Salivary gland weights were increased after 4 weeks of treatment in
the F344 and AP (Alpk:APSSD, Wistar-derived) strains. Microscopic examination of the salivary glands
showed the most pronounced effect occurred in the F344 strain where there was diffuse cytoplasmic
basophilia and enlargement of the parotid acinar cells. Similgg but slighter effects occurredsin, the AP
(Alpk: APSSD, Wistar-derived) and CD (Sprague-Dawley; C@s River) strggys invglving 1 foci of
cells only. Complete recovery of both salivary gland weig d bi@path&@gical gesiwas apparent
i AP and CD strains following the 4-week recover riod@she @vary d ht increased
recovered in the F344 strain however there was eviden yQl?nat D) alivay glano d n§ptully recovered
in all the F344 strain animals after a 13 week recoverriod@ Q Q” &
@ N

©

Based on the weight of evidence across the studie&ﬁesen@by ﬂ‘@yph te taglegpree it is proposed
that the changes observed in the salivary gland ({%emo@ay ang @sophadt of arotid acinar cells) are
a non-adverse adaptive response (o treatment gith a | WpH digefor u@ﬁollow' reasons:

e The effect is observed with anothe{vg?ﬁanic & wir@@ Simi H-d#ation curve to glyphosate.

* The effect is only observed followghg tre nt i the diegedhe s effect has not been observed
acoss an extensive database foll@ing ogher ex;@}%ﬁ: rofes. T ME radiolabel studies
indicate glyphosate does not mul&@’in thegalivargland

¢ The effect, seen primarily ig-THe rat/,/gis varl in §$y #nd Ras not been observed consistently
across sex, dose or strain © & R @ °\e@’

¢ The salivary gland is no si§§m¢ @et orgg n otk@species.

¢ Froma histopatholog@l pe ive @ross anten database, there 1s no accompanying
evidence of cytot y le@g to r@rosi@apo 1s, no evidence of inflammation or change
in function and the Cellul@@alterat@ns doxot progidss with time to preneoplastic or neoplastic
lesions (but in fact dec@e in (.-(‘.3‘ den d sevefity or disappearance all together with time).

e The effect is reversible upo saﬁo@f treggment with a low pH diet.

@ Q
Pharmacological activity of the tes%ub&@%e w? g\%ivestigated in vivo with rats, which were treated with a

9,

single oral dose of 5000 mg/kg glyphoite. %@ our after dosing, no haematological, electrographic or
behavioural/functional changes were @Bbser «3I when compared to control animals (Jjjj 1996, A
5.10/03). In the same study, ex vivo im%stigations with isolated guinea pig ileum and isolated rat
gastrocnemius muscle were performed ¥hen administered to the isolated guinea pig ileum, glyphosate
technical caused a contractile response similar to that seen with known parasympathomimetic agents. This
effect might be related to the gastrointestinal disturbances (stools and diarrhoea), that were seen in acute
and short-term toxicity studies. Evaluation of innervated muscle response in the same study showed that
the test substance, when administered at the maximum solubility concentration in physiological saline, did
not cause any neuromuscular blocking activity.
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Table 5.10-1: Summary of special studies

Reference Type of study Application Test Purity Results
(Data owner) Species, Strain Route (Dose) substance [%]
1A 5.10/01 8-week oral Gavage (791- Citric acid, | 99.3 Higher parotid salivary gland
[ RO toxicity; 1316 mg/kg Trisodium weights and a generally
(MON / GTF) | Sprague-Dawley | bw), Diet citrate correlative increase in
Rat, 3 (14000 (Citric dihydrate severity of background
acid), 21400 cytoplasmic alterations in the
ppm (Trisodium parotid salivary glands
citrate
dehydrate))
TA 5.10/02 4-week oral Diet (20000 Glyphosate | 95.6 Marked strain differences in
B 1996 | toxicity; ppm) acid the severity of effect in the
= (SYN) Sprague-Dawley @ parotid sg]jvary hds; most
= (CD)/Fischer Q »° Q@%rou@ced t occurred
2 344/Alpk: APSD N N indge F344 Sxwiin: diffuse
> (AP), Rat, £ 6 ) \6 @]as sQBasophilia and
= @ @© N argeN&Jit of the parotid
b RN @ ,@ ancin s; similar but
2 °\@) ?\;» N slighr effects occurred in
= %4\% @ Q N and CD) strains
3 &@ N @ Q@j involving small foci of cells
5 o G o B Jeny
% | 11A 5.10/03 Pharmacology Gayape (500 o osa%%)i_% ©| No haematological,
= | Il 1996 | Screening study; n%g bw Q te nica@ O electrogra-phic or
= | (NUF) Sprague-Dawley | @pkle d@% Q%@ @ @ behavioural/functional
kS Rat, & + ésh-ljecﬁ% N s N chan_ggs aftf:r oral ‘
= N & X Q 4@ administration; contractile
& A @3 N o
(©) Q|- @ > response similar to that seen
Q S R Q7 o with known
6 i @ @ éy &Q parasympathomimetic agents
o\@ CP% é\’ Q 2 @ in isolated guinea pig ileum;
Q @ Q @ no neuromuscular blocking
& 2 o © KD activity on innervated muscle
MA5.10/04 | Mice, BSGEST | @jiet 0,480,  ©Olyphosate | 95.11 | No suppression of the
B 2012 Q S Pis00 &%{) ppn@ humeoral component of the
(MON) \@ (0, 160, 449 & immune system. No test-
Q Iz@mgﬂg&Q substance-related effects
Widay) g
* &
A
Annex point Author(s) @r Study title
A, 5.10/01 ] 2010 An 8-Week Oral (Diet and Gavage) Toxicity
Study of Citric Acid in Male Rats
Data owner: Monsanto/GTF
Study No.: 50361
Date: 2010-01-08
GLP: yes
unpublished
Guideline: Guideline does not exist for this kind of study but
data from the study report is similar to OECD
408.
Deviations: not applicable
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Dates of experimental work: 2009-02-24 to 2009-05-15

Executive Summary

A number of repeat dose studies in rodents with glyphosate technical acid have identified alterations of the
salivary glands, described as increased basophilic staining and enlargement of cytoplasm, especially in the
parotid salivary glands. The toxicological significance of these observations were considered not relevant,
by some reviewers and unknown by others. In the 2004 JMPR review of glyphosate, a hypothesis was
proposed that the low pH of glyphosate technical acid in the diet caused local irritation in the oral cavity
leading to the observed salivary gland effects. The objective of this study was to evaluate the potential
effects of low pH diet on the parotid salivary glands. Citric acid was selected as an appropriate surrogate
for glyphosate, having both a similar pH-dilution curve and low toxicity. Citric acid was presented in the
diet (14000 ppm) and compared with a typical pH basal diet control group. A higher pH diet group fed
basal diet with trisodium citrate dihydrate (21400 ppm, an eq%lent citrate ion concentration) was also

compared with the typical pH basal diet control group. In ition, low I@ aquepus citrieDicid was
administered by gavage and compared to a control deionist’ wal @gavag@rou evafgafe potential
systemic effects of the citrate ion on the parotid salivary glands. These fiv@est g S, w@consisting of

10 male rats, were dosed for eight weeks (minimum of 5 y$)NQ &\

Clinical signs, bodyweight and food consumption wéxe m(§@red daying e studgyAll animals were
subjected to a gross necropsy examination and a @@prehe ve hi pam@gica aluation of tissues
was performed. The findings are summarised as f 9\9
There were no test substance-related clinical 31@ of tn@ty, &@VGHO tes bstance related effects

on body weight, and food consumption. @ 9D

Yy g p o @ & © @ @
Test substance-related effects on organ ights@)nsiste@ of stic significantly higher parotid
salivary gland weights in the low pH @4: gr 400 acid) when compared to the
respective control group. Non- statlstl 1ghe%)arot1 livary gland weights were noted

in the gavage citric acid and hlg d&ry (2 tris d1 citrate dihydrate) groups when
compared to their respective con gro ere tgs@ally significant test substance-related

effects on the fused mandlbul 11n sal y glam W when (he respective control and test
substance-treated groups w@ co ed “ how statlstlcally significantly higher fused
mandibular/sublingual sah elgh R & as no ﬂ@ow pH diet group (14000 ppm citric acid).

Histological eftects con31sted oplc al;@tlons @@e parotid salivary glands characterized by the
presence of hypertrophied acm%}P celli @fth bg@p 1110 @unnular cytoplasm. Although the overall incidence

of affected animals was similar in g{&ontroand cj acid or trisodium citrate dihydrate-treated groups,
these effects were clearly most sevée in (he iet group (14000 ppm citric acid in basal diet). With
the absence of microscopic findings §n as @ytotoxicity and hyperplasia, the observed effects are
considered to be an adaptive responsedy oca@tation of the low pH diet in the oral cavity rather than an
adverse effect. %

Conclusion AN

Citric acid administered orally via gavage or diet and trisodium citrate dihydrate administered via the diet
to Sprague Dawley rats for 56 days resulted in higher parotid salivary gland weights and a generally
correlative increase in severity of background cytoplasmic alterations in the parotid salivary glands at all
dose levels (791-1316 mg/kg bw/day gavage citric acid, 14000 ppm diet citric acid, and 21400 ppm diet
trisodium citrate dihydrate). The magnitude of change in parotid gland weight and severity of the

cytoplasmic alteration in the parotid salivary glands was most severe in the low pH 14000 ppm diet citric
acid group.

L MATERIALS AND METHODS
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A. MATERIALS

1. Test materials:

Identification:

Description:

Lot/Batch #:

Purity:

Stability of test compound:

Identification:

Description:

Lot/Batch #:

Purity:

Stability of test compound:

2. Vehicle and/
or positive control:

3. Test animals:

Species:

Strain:

Source:

Age:

Sex:

Weight at dosing{; 177@27 o

Acclimation p@n@d

Di B@bod @ertlfle@{od

@ @td llb um
W /b ater %l?lzbzt

Housing:

Environmental conditions:

Qappm

Anhydrous Citric Acid

White powder

XR3050

99.9%

Stable at room temperature until 2010-01-06.

Trisodium Citrate Dihydrate (TCD)
White crystalline solid @
@

1387609 S o o @
99.3% N °@§? ©© N QQS\&’
Stable at room tem ture Wil 20@03 -0 &\Q Q\

@ Q Q& &Q
Gavage: delon \c wat %let lga%n dies Q

Rats

1A -* ys @

on ar@al als were housed three per cage for
atelfgFdays. Thereafter, all animals were housed
ually@n clean, stainless steel, wire-mesh cages suspended

a@ e cag&board.

Tempegature: 22 +3°C
HumiQity: 50 £ 20%
Alr? hanges:  at least 10/hour
12 hours light/dark cycle

B: STUDY DESIGN AND METHODS

In life dates: 2009-02-10 to 2009-(04-21

Animal assignment and treatment:

In a 8 week gavage and feeding study groups of 10 Sprague Dawley rats received the respective vehicles
or test substances for 56 consecutive days via oral gavage (Groups 1 and 3) or in the diet (Groups 2, 4 and
5; see Table 5.10-2). A low pH diet containing 14000 ppm of citric acid in basal diet was offered
continuously to Group 4. A high pH diet containing 21400 ppm of trisodium citrate dihydrate in basal diet
(at an equivalent citrate ion concentration to Group 4) was offered continuously to Group 5. A concurrent
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control group (Group 2) received the basal diet on a comparable regimen. Citric acid in the vehicle,
deionised water, was administered orally by gavage at a dose level of 791-1316 mg/kg/day to Group 3.
Concentrations of the Group 3 formulations were calculated and adjusted weekly, based on the average
food consumption and body weights of the Group 4 animals from the previous week of dosing in order to
maintain approximately equivalent citric acid dose levels to Group 4. A concurrent gavage control group
(Group 1) received the vehicle on a comparable regimen.

Table 5.10-2: Study group assignment

Group Test Substance application Dose Level Dose Volume Nurr.lber of
Number animals
(mg/kg bw/day or ppm) (mL/kg)
1 Gavage Vehicle 0 10 10
2 Basal Diet 0 na 10
3 Gavage Citric Acid (low pH) 791-1318 10 AP0
4 Diet Citric Acid (low pH) 14,0088 o @na gy° @10
5 Diet Trisodium Citrate (high pH) 2680 2 Z | O o PN 10
na - not applicable Q
) P FF O
Observations S @ o 7 ©)
All animals were observed twice daily for mo y an@morib@dlty@limca@xamlnatlons were

performed daily, and detailed physical examinatim@vere @form@veekl&. N
@

@ @ N
Body weight @& &@Q é\’ ?@ @@
Individual body weights were recorded wegihs W ©© © &)

Q o O

Food consumption and compound 1nt@§ Q@ o%@ @§ @
Food consumption was recorded wee k@ &@, &\ )
@E A W
Sacrifice and pathology g & ~N2 \é@v
All animals sacrificed at schedudd <\)s ter atlo ere s@cted @©a gross pathological examination. Any

macroscopic findings were re(@d @

The following organ wei @%rm@@ pat@% S y glands, mandibular salivary glands and
sublingual salivary glandé: ibular and s @mgu livary glands were weighed together as one
organ since they were fused an ld ngpbe a ately@ arated for weighing.

bone & bone marrow (sternum Gucl. n )), brain (cerebrum at two levels; cerebellum with
medulla/pons), caecum, colon, duddenunt 1d1d A des eyes with optic nerves, gross lesions, harderian
glands, heart, ileum, jejunum, kidneys, rlma.land (exorbital), liver, lungs (incl. bronchi), mammary
gland, lymph nodes (mandibular, megghteri %d axillary), nasal cavity, oesophagus, pancreas, Peyer's
patches, pituitary, prostrate, rectum, salivary glands (mandibular, parotid, sublingual), sciatic nerve,
seminal vesicles, skeletal muscle, skin, @1 cord (cervical, thoracic, lumbar), spleen, stomach, testes,
thymus, thyroid/parathyroid, tongue, tr a and urinary bladder.

Microscopic examination was performed on the parotid salivary glands and gross lesions from all animals
at the scheduled necropsy.

Tissue samples were taken fro?ﬁwatlg&@wm organs &d preserved in buffered formalin: adrenals, aorta,

Statistics

All statistical tests were performed using the WIL Toxicology Data Management System (WTDMS™).
Analyses were conducted using two-tailed tests (except as noted otherwise) for minimum significance
levels of 1% and 5%, comparing each test substance-treated group to its respective control group.

Body weight, body weight change, food consumption, and organ weight data were subjected to a
parametric one-way analysis of variance (ANOVA) to determine intergroup differences. If the ANOVA
identified statistically significant (p<0.05) intergroup variance, Dunnett's test was used to compare each of
the test substance-treated groups to the respective control group (Group 1 to Group 3 and Group 2 to
Groups 4 and 5). Group 1 was also compared to Group 2.

Statistical analysis of the severity of histological changes was conducted. Individual animals were
assigned severity scores based on parotid salivary gland changes (O=without histological change,
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I=minimal change, 2=mild change, and 3=moderate change). The severity scores were then compared
statistically using the Mann-Whitney U-test by comparing Group 1 to Group 3 and Group 2 to Groups 4
and 5.

I1. RESULTS AND DISCUSSION
A. MORTALITY
No deaths occurred during the study.

B. CLINICAL OBSERVATIONS
All clinical findings in the test substance-treated groups were noted with similar incidence in the control
groups, were limited to single animals, and/or were common findings for laboratory rats of this age and

strain.
S

C. BODY WEIGHT O @ @ @ @
There were no statistically significant differences when ﬂf%éespet%e c 1 andQrest @ance -treated
groups were compared. @b ©@ ©\ o&\@
7

D. FOOD AND TEST SUBSTANCE CONSUI\@%ION@ @© Q @
Food consumption was unaffected by citric or odiu itratg dihy admlnlstratlon A
statistically significant decrease in food consum of gav citric@eid gr% (Group 3, Week 7/8)
was probably due to biological variability and n oni ed t(f@t sub@gnce administration.
E. PATHOLOGY Q@’ @ @@
Organ weights 9
Test substance-related effects on org r\v elg ) @f on31§¢§d of, st@’ stlc® significant higher absolute and
relative parotid salivary gland welg -&o p (g, etg (14 @ ppm citric acid) when compared
to the dietary control group; the ma, 1tude 0 ch as le 5.10-3).
Higher absolute and relative p d sa weyﬁh s wehs also observed in the low pH gavage
group (791-1316 mg/kg bw/ 01tr1 01d) @ n th%hlghﬁg diet group (21,400 ppm TCD) when

compared to their respectlve @wev ep r\'\'f salivary gland weight differences in the
low pH gavage and h1 dlet roups ere @pt stapsically significant and were of much lesser

magnitude of change.
There were no other statlstl@ﬁy S@Z%cant%st l@ance related effects on the fused mandibular/
sublingual or parotid salivary glan&@elght hen l@e control groups and test substance-treated groups
were compared. g«&

Q\@
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Table 5.10-3: Toxicologically relevant organ weight differences

Gavage Administration Dietary Administration
. high pH diet,
aqueous 791-1316 mg/kg basal diet 1?268(})1 diet, 21400 ppm
control bw/day citric acid control oYY bpm trisodium citrate
citric acid .
dihydrate
Mean Absolute
Mandibular / 0.7625 0.7873 0.7682 0.8872 0.7869
Sublingual Fused | + 0.05446 + (.08397 +0.08670 +0.16548 +0.07028
Glands Weight (g)
Mean Relative
Mandibular / 0.179 0.180 0.173 0.199 0.183
Sublingual Fused | +0.0105 +0.0178 +0.0221 +0.0339 +0.0201
Glands Weight (g)
<
I\Pf;f;‘ti“dlé‘l’:l‘l;e 03500 0.4082 027 0().392(?@@? % 0.35@
. +0.12450 +0.11990 + 14 Q +0. 0 + {FAF986
Weight (2 & L
i <,
%i‘;i‘:ig‘é?:;g 0.083 0.095 @062 @ @gs* @ 082
+0.0299 0.0304 0236 0.0220
Weight (g) JRoo@” ghopes g
# - significantly different from relevant control group (p < 0.05) using Wett s test~> \\_)) \ Q
K SN
&@ @Q @Q @ 9@
Necropsy N Ky@ %

All macroscopic findings noted were con31d’ d sp eou@and/%@mdel@@ in nature and unrelated to
test substance administration. @ ©

Q
@@@\%@@@@

Histopathology Ko
Test substance-related histological Ccts &%slsted& a hi % of cytoplasmic alterations in the
parotid salivary glands of the citrisgacid apd trls dihygigate-treated groups when compared to
their respective control groups (@ le 5 4) e sev r& of cﬁasnﬂc alteration was increased in all
dose groups; however, the cgt%lasml 2] erat@ was t severe in the low pH diet group (Group
4; 14000 ppm citric acid). ’

saliyary glanfd was acterized by the presence of hypertrophied

Cytoplasmic alteration mfﬁge parg

acinar cells with basophilic gra lasy@Q¥he sesgrity grades ranged from minimal to moderate,
displayed by increasing numbéty of af@ted a&nm celfand more pronounced hypertrophy of acinar cells
with increasing severity grade. @ @ S

Cytotoxicity and hyperplasia wer@ot obS{’?red a‘h@consequently, the observed changes were considered
to be adaptive responses rather tha@ivers@ effects. There were no other test substance-related
histological changes. &) §>D

3
©
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Table 5.10-4: Toxicologically relevant histological changes

Gavage Administration Dietary Administration
791-1316 mg/kg ‘ low pH diet, | "igh pH diet,
L basal diet 21,400 ppm
aqueous control bw/day citric 14,000 ppm o .
acid control citric acid trisodium citrate
dihydrate
Parotid sahavary 9 10 10 10 10
glands
Incidence (%) 100 100 70 100 90
minimal 8 6 5 0 4
mild 1 3 2 6 5
moderate 0 1 0 4 0
Average 1.1 1.5 0.9 2.4 1.4
severity

% number of tissues examined from each group
b

O
- 1= minimal, 2= mild and 3= moderate; animals without a histological change w@assign ﬁevere of 8@0 @
#* _ gignificantly different from relevant control group (p < 0.01) using the M itney \© @ °§9
> O .6 @

@ S

III. CON .é s10
Citric acid administered orally via gavage or digtand t 1sd1 Qtrathydr@e administered via
the diet to Sprague Dawley rats for 56 days re 5 ed i Jighex(paroti allva@ gland weights and a
generally correlative increase in severity 4 und opl ¢ alterations in the parotid
salivary glands at all dose levels (791- 131 {@avag iric ggyd, 14000 ppm diet citric

acid, and 21400 ppm diet trisodium c1tr%\hhy eff ts werédioted as most severe in the
low pH dietary test group. In the ab@ce 0 lasia the noted effects are
considered an adaptive response ﬁer t@ ver@oeffe d are consistent with the
hypothesis that low pH diets result j &@ cellt@r r@nses in the salivary glands.

N

© & ?’\,@ &®°®’

Annex point Author(SY | Rear @/ Study title O
ITA, 5.10/02 ? v °199Q)” Yhosat@Acid: Comparison of Salivary Gland
A @ < T hree Strains of Rat.
®|. 0 (
Q
Sl
V/

N é}’ Dgta owner: Syngenta
Ql & +Qudy No.: 5160
§ @@@ Date: 1996-08-19

<

NS GLP: yes
A unpublished
Guideline: N Guideline does not exist for this kind of study.
Deviations: % not applicable
Dates of experimental work: 1996-01-15 to 1996-05-14

The purpose of this study was to investigate the rat strain susceptibility of the effects of glyphosate acid on
the salivary gland after 4 weeks administration in these strains of rat. In studies with F344 rats, glyphosate
acid has been shown to cause effects on the salivary gland (NTP, 1992%. In contrast, there was no
evidence of microscopic changes in the salivary gland in a previously conducted 28 day feeding study

8 NTP (1992). Technical Report on Toxicity Studies of Glyphosate Administered in Dosed Feed to F344/N Rats and
B6C3F1 Mice. United States Department of Health and Human Services, National Toxicology Program Toxicity
Reports Series Number 16
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with glyphosate acid (20000 ppm in the diet) in Alpk:AP:SD rats, although there was an effect on gland

weight (RS 1995’

Study groups of 24 male Alpk: AP:SD (Wistar-derived; AP), Sprague-Dawley (Charles River CD; CD) and
Fischer 344 (F344) rats received O or 20,000 ppm glyphosate acid. Eight animals from each group were
killed on Day 29 and the remaining animals were retained without treatment for a further four (8
rats/group) or 13 weeks (8 rats/group). Clinical observations, bodyweights and food consumption were
measured and at the end of the scheduled periods, the animals were killed and subjected to a necropsy.
Salivary glands were weighed and taken for subsequent histopathology examination.

Treatment with 20000 ppm glyphosate acid produced significant reductions in bodyweight and minor
reductions in food consumption in AP and CD rats but no effects on bodyweight or food consumption
were seen in the F344 rat. In contrast, salivary gland weight was unaffected in the CD rat but was
increased in both AP and F344 rats at the end of the adminisgqtion period. 1croscoplc exal@latlon of
the salivary glands showed the most pronounced eftect occ%@ n th@3°344 +Bin W, @@3 the as diffuse
cytoplasmic basophilia and enlargement of the parotid ac ceH& S u e@ts involving
small foci of cells only occurred in the AP and CD strainsb @

Recovery of effects was apparent in all strains du&@é the @gcove, rloﬁ Boc§elght and food
consumption returned to control values in both ARggnd C@strain@ s on control diet
significant recovery of the salivary gland chan Oin t 'g t and thicropathology, was
evident in the F344 strain and the AP and Clgyrats &le f their corresponding
controls. After 13 weeks on control diet sllghtly%lore ted E @“@wed@lnor focal changes in the
salivary gland compared to the contempora@us cols grou@mean&ivary gland weights were

increased slightly. Ao @)
> R o O &
Conclusion N @ N
Administration of diets containing 2@0 P 3 i
strain differences in the severity ofg fecté%
salivary glands showed the mos@nou@@d

0 ma@rats for 4 weeks produced marked
@yary nd. Microscopic examination of the
n. Similar but slighter effects occurred

in the AP and CD strains. %
Complete recovery of effeﬁer%ren 8 57 s following the 4-week recovery period
and significant recovery occutred in tra' t is not clear whether the slightly higher
incidence of minor focal ch Ethe F344 strain after 13-week recovery was a
residual effect of treatment or ﬁ?ﬁ: yﬁe r ajtation in the background incidence in this strain
@
Q\ : @©

MATE KLS AND METHODS
A.  MATERIALS @@@

, $
1. Test materials: %
Identification: Gl sate acid
Description: Wﬁolid
Lot/Batch #: P24
Purity: 95.6%

Stability of test compound: No data given in the report.

2. Vehicle and/

. Plain diet
or positive control:
3. Test animals:
Species: Rats

Strain 1:  Alpk:APSSD

‘I ((005) 28day dietary toxicity study in the rat. /6624
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Source:
UK

Weight at dosing: 175.0-176.1 ¢
Strain 2:  Sprague-Dawley
Source: | /<
Weight at dosing: 179.6 1815 ¢
Strain 3:  Fischer 344

Source: - | U

Weight at dosing: 1074 -1089 ¢
Age: approx. 28-30 days (on delivery)

Sex: Males @

Acclimation period:  11-13 days c&&@ 0%\?\7@0 6@ @@ §»
Diet/Food: CT1,ad libium & D § O
§ 55

Water: Tap water, ad lzbz

S
Housing: Animals were j edg%s ail}g%lyl% fourper cag@

Environmental conditions: Temperatureé\’Zl e @Q @} °\@@
Humidity@& 5@@0%@\» $ &
Air chan}es @§6a8t§h0%® @@@
12 h li
@@% g'@ro H* @@ &

A S
B: STUDY DESIGN AND M OD&\, @@’ S D
G -
In life dates: 1996-01-15 to 1996305- 1%@ o & S
9 & & Q9
Animal assignment and mel@ Q

In a 28 days feeding stu SIqgys of gt maleglpk@fSD (Wistar-derived; AP), Sprague-Dawley
(Charles River CD; CD) and her @ (F34@rats eived O or 20000 ppm glyphosate acid. Eight
animals from each group wer¢ kil g3~ on the remaining animals were retained without
treatment for a further 4 (8 rats/ gr or 1 @ats/ group).

Two test diet batches were prepared pri start treatment by mixing 1255 g test substance to 58.745
kg diet and blending. Samples of both @ were analysed to verify the achieved concentration.

Clinical observations
Clinical examinations were performed d@dy. A detailed physical examination was performed prior to
administration and weekly thereafter.

Body weight
Individual body weights were recorded on start of administration and weekly thereafter.

Food consumption and compound intake
Food consumption was recorded continuously throughout the study for each cage of rats and calculated as
a weekly mean (g food/rat/day) for each cage.

Sacrifice and pathology

All animals sacrificed at scheduled termination were subjected to a gross pathological examination of the
salivary glands. Thereafter the salivary glands were removed, weighed (left and right separately) and
examined by light microscopy.
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Statistics

All data were evaluated using analysis of variance and/or covariance by the GLM procedure in SAS
(1989). Least-squares means for each group were calculated using the LSMEAN option in SAS PROC
GLM. Unbiased estimates of differences from control were provided by the difference between each
treatment group least-squares mean and the control group least-squares mean. Differences from control
were tested statistically by comparing each treatment group least-squares mean with the control group
least-squares mean using a two-sided Student’s t-test, based in the error mean square in the analysis.

II. RESULTS AND DISCUSSION

A.  ANALYSIS OF DOSE FORMULATIONS
The mean achieved concentration of glyphosate acid in both batches of diet was within 2% of the target

concentration (Table 5.10-5). @ .
: : % <@ @ @ 2@
Table 5.10-5: Achieved concentrations of glyphosate acid in tfediet N
Nominal concentration Mean analysé@dcon atiordy” N7
(ppm) ' @pm) cﬁ@ 5 % @%@nlrﬁ;\@oncentratmn
Batch 1 20,000 1998 ¢y | &K 499
Batch 2 20,000 O 20385 wo |, @%1 8
N ) S
@ & ® @ N
o & S o
B. MORTALITY Qo &S o @

There were no treatment-related deaths. C&oe\trea AP 1@y was @led 1]@%661( 7 following accidental
damage to its snout.
o & &2 o K
N

\
C. CLINICAL OBSERVATIO &
There were no treatment-related f% o3 11&3/ of@roy@lote during the study period.

\
D. BODY WEIGHT 6 @ «@ % @
AP rats: During the admlnl ﬁl d 31@1flc y Q uc @s in group mean bodyweight compared to
control were seen. At thg ¥4 of dm@fstrat'peri@he difference was approximately 7%. The
reduction in bodyweight was maif@nined @ring the 4-werecovery period (approximately 7% at the end
of Week 9) but no differences é@odyw@ht ngﬁe appﬁ@t by the end of the 13-week recovery period.

CD rats: Group mean bodyw \hts j@gﬁe @§ animals were significantly reduced during the
administration period in comparison t trolg, The reduction in bodyweight was approximately 7%
(after adjusting for initial bodyweight theggfill of the administration period. However, bodyweights
quickly recovered and were 5% highehan edntrols (after adjusting for initial bodyweight) by the end of
the 13-week recovery period. @

F344 rats: No treatment related effects re observed.

E. FOOD CONSUMPTION
AP rats: Overall, food consumption in the treated group tended to be slightly lower than the control
during the administration period although this did not achieve statistical significance. No effects were seen
at the end of the recovery period.

CD rats: Group mean food consumption for treated animals was generally lower than controls during the
administration period although this did not always attain statistical significance. Food consumption for the

recovery animals returned to control levels by Week 8.

F344 rats: There was no evidence of any treatment related effects.
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F. NECROPSY

There was no evidence of any effects of glyphosate acid on the salivary gland weight at any time point in
CD rats. On the contrary salivary gland weights were increased in the treated AP and F344 rats at the end
of the administration period in comparison to control. While no effects were noted in the four or 13-week
recovery AP animals, in F344 rats the salivary gland weights were still increased at these time points,
although there was clear evidence of recovery.

Table 5.10-6: mean salivary gland weights at necropsy

AP CD F344
Organ 0 | 20000 0 | 20000 0 | 20000
Terminal weight (g)
Left salivary gland 0.652 0.740% 0.715 0.695 0461 ] 0.666%*
Right salivary gland 0.523 0.659% 0.623 0.626 0422 [0577*
Weight after 4&Qeck recoveryg, O
Left salivary gland 0.748 0.703 0.844 P %’3@2 @\(5 438 2| 0587
Right salivary gland 0.639 0.623 0. 7@1‘\ 7 ?w 0428 | .8QP5*
Welght a,ﬁ@ 13 ¥@ek regavery o2
Left salivary gland 0.750 0.760 D081 | 50.623 D0.612
Right salivary gland 0.669 0.681 \@668 5 %é% NC0.495Q° [ 0.528
@;} @ @& -9

N
No macroscopic abnormalities were seen @ saliy, gla@%’ n gﬁr ratéther at the end of the
administration period or after the four or 1%,\9\%61( re@very @ods

Treatment-related findings were confinéd to ﬂ@%aroﬁ&@ahva@y gla d comprised alteration in the
staining of the cytoplasm of the acma@lls @ aff@e\\t)\d cell&appe strongly basophilic and enlarged
(recorded as basophilia of parotid a

At the end of the four-week admigy tratl% perl 1s c %?c W, ost prominent in 344 rats. All rats
showed marked cytoplasmic b@phll &xhat wps dif e 1n§lv1ng the whole of the parotid gland.
However, no evidence of C@H@dege 10n necr en. Most of the control F344 rats also

showed a minor degree of \phll volv occ nal cells only.
The other two strains, APNand howed e s effect in the parotid gland after four weeks
treatment but at a much reduce@everlt%sompg@i 344. In addition the distribution was different

in that only small focal groupsxf aci ells were affe(gééd in the AP and CD rats in contrast to the diffuse
mvolvement seen in the F344. The, ct wé@veak@m the CD rat.

The incidence data at the end of the a istrafn period indicate that the background change varies in
control rats in the three strains. None ¥3s see, the AP controls, there was a single CD control rat with a
minimal focal change, whereas 7 out of 8 F344 controls showed minor changes.

After four weeks recovery in the F344 strgmthe severity of the parotid basophilia was reduced to minimal
or slight and affected small foci of ac@r cells only. No changes were seen in the CD rats and only a
single AP rat showed a minimal change. As an AP control rat showed changes at this time point this is
considered not to be related to treatment.

After 13 weeks recovery no treatment related changes were seen in the AP and CD strains. Slightly more
of the 344 rats showed minor focal changes compared to the corresponding control group but this may
reflect variations in the background spontaneous change rather than a residual effect of treatment.
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Table 5.10-7: Histopathological findings in salivary glands

AP CDh F344
Finding 0 | 20000 0 | 20000 0 | 20000
Termination™
Atrophy (marked) 0/8 0/8 1/8 0/8 0/8 0/8
Interstitial fibrosis 0/8 0/8 1/8 0/8 0/8 0/8
(marked)
Basophilia of parotiel 0/8 8/8 1/8 7/8 7/8 8/8
acinar cells
Weight after 4 week recovery®
Mononucloar gell 0/8 1/8 0/8 0/8 1/8 0/8
infiltration (minimal)
Basapiula of garond 1/8 1/8 0/8 @ 0/8 0/8 6 /%8
acinar cells ) & 3
Mucous metaplasia of & Q R &
ik as 0/8 1/8 0788 é@% TS 0@5@?7 8
Weight agip? 13 9@k recoyery*(S > QO
Mononuclear cell . @ QO 4 Y
infiltration (minimal) DA 08 8 é 0/ N Ld SQ& 114
Atrophy (minimal) 0/8 0/8 &, 0/ gﬁ @s f‘ 1, /3% 0/8
Basophilia of parotid &(’) @
. 1/8 18 N &S 9, fg@ @@@f 8 5/8

* pumber of animals affected / total number of @lals eQx@ained @Q 6
o & & &
N «@\/’
{é\ lII@ON%}sm@g Q

Administration of diets contaj % ZOOQO ppm@vph & a @to male rats for 4 weeks produced

marked strain differences in n tl@parond salivary gland. Microscopic
examination of the salivary, @ands %ron ed effect occurred in the F344 strain
where there was diffuse ¢y las@ bas @ ment of the parotid acinar cells. Similar
but slighter effects occu AP CDJ olving small foci of cells only.

Complete recovery of effect rent CD strains following the 4-week recovery

period and significant recovery ha urt@ m th@ﬁ? 344 strain. It is not clear whether the slightly
higher incidence of minor foc. @@ hvary glands of the F344 strain after 13-week
recovery was a residual effect o ea or resentecl the random variation in the background
incidence in this strain.

Annex point Author(s) @r Study title

IIA, 5.10/03 [ %996 Glyphosate Technical: Pharmacology Screening
Study in the Rat

Data owner: Nufarm
Study No.: 434/021
Date: 1996-06-28

GLP: yes

unpublished
Guideline: JMAFF, 59 Nohsan No. 4200 (1985)
Deviations: not applicable

Dates of experimental work: 1996-02-06 to 1996-04-04
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Executive Summary

The test material was evaluated for evidence of pharmacological activity using a series of in vivo and ex
vivo screening methods. For in vivo studies five male and five female rats were dosed with glyphosate
technical at a dose level of 5000 mg/kg with similar sized control groups receiving vehicle only.
Approximately one hour after dosing control and treated animals were examined for either haematological
changes, electrocardiographic changes or behavioural/functional changes. Ex vivo studies were evaluation
of the isolated guinea pig ileum and isolated rat gastrocnemius muscle using saturated solutions of the test
material.

In vivo studies
There were no differences in response between treated and control animals.

Ex vivo studies

Glyphosate Technical (12 mg/mL) caused a contractile respo@ to isolated guinea pi% ileurr@fmilar to

that seen with acetylcholine. The effect seen was abolisl@ whengyhe @ wg@re-iq@ated with
o% °\

atropine sulphate. & N NN
Injection of tubocurarine resulted in a significant din@utio thentraf@ ree of the rat
ffect on muscle

gastrocnemus muscle when the sciatic nerve was stimulgéed. O@fie copdst thef%was (S)

contraction when either glyphosate technical or physiglogical&line w@s inj@d. Q&
N XN
Conclusion R @ @Q @ °\@@

At a maximum dose level of 5000 mg glyphosé%e techpieal/kgdsw th ere ¥ effects seen from the in
vivo screens performed. When administeredo@le iscfialed g@a pigdeum hosate technical caused a
contractile response similar to that seety,with wn @lrasyr@atho fyictic agents. Evaluation of

at glgp os%?tec sal, i@adnﬂnistered at the maximum
S

line, sglse g& eur cular blocking activity.

mnervated muscle response using show
solubility concentration in physiologic

N) && @Z}?’ KQ \Q
S NI
8O MATERDNLS AND MEFHODS
A.  MATERIALS PN N @
: 2 L0 O R
1. Test materials: & Q ©© @
Identification@ Gl sate @chnic
RS Q

Descriptidn! Wt posdér
N S
Lot/Batch #: pI¥95D
MCRCARG
Purity:  95.3% @

Stability of test compound: Ngxlata in in the repott.

in-vivo, 1% carboxymethyl cellulose

2. Vehicle and/

ex-yi
( u%g io) distilled water, krebs physiological butfer solution,
or positive control: g pig

ex-vivo . . .
(euinea pig) physiological saline
3. Test animals:
in-vivo Species: Rats
Strain: Sprague-Dawley (CD)
Source: | UK
Age: no data
Sex: Males and females
Weight at dosing: 176 -200 g
Acclimation period: At least 6 days
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Diet/Food:

Water:

Housing:

Environmental conditions:

ex-vivo

Strain:

Source:

Age:

Sex:

Weight at dosing:
Acclimation period:
Diet/Food:

Water:
Housing:

Environmental conditions:

&

égeaes

in-vivo

Su@

Source:

Species:

@Qﬂym@ty: @0

Rat and Mouse Diet No.1 Expanded (| GG
UK), ad libitum
Tap water, ad libitum

By sex in groups of five in polypropylene cages with stainless steel
egrid floors.

Temperature: 19 —25°C
Humidity: 40 - 75%

Air changes:  at least 15/hour
12 hours light/dark cycle
Guinea pig

Dunkin Hartley 60
g @ ¢ @
d@fo B P o

no data
Males
250-300¢

no data y\,&\ &

Cuncs s I R —
UK), ad l%ltum &

Tap wa&} ad 1ifopum ©©
By n g of 1@yto thrds Qin po@ropylene cages with solid
fl and sa dust”

pg}%&b{e. &%’— 2§

at l%st 15/&@1

Air @
I%?ii‘:g%% K
ats @

Sprfiane- D@ey( 0
M UK

Age:%o dat@g KQ

Sex:

Weight at dosing:
Acclimation period:
Diet/Food:

Water:

Housing:

Environmental conditions:

Malss and @hales
18- 1255@
no da@

at and Mouse Diet No.1 Expanded (i |
UK), ad libitum

Tap water, ad libitum

By sex in groups of five in polypropylene cages with stainless steel
egrid floors.

Temperature: 19 —25°C
Humidity: 30 -70%

Air changes:  at least 15/hour
12 hours light/dark cycle

B: STUDY DESIGN AND METHODS
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In life dates: 1996-03-25 to 1996-03-27

Animal assignment and treatment of in vivo studies:

Three groups of five male and five female rats each received glyphosate technical at a dose level of 5000
mg/kg bw by oral gavage. The control group was similar sized receiving vehicle only. The dosing volume
was 10 mL/kg bw. Approximately one hour after dosing control and treated animals were examined for
either haematological changes, electrocardiographic changes or behavioural/functional changes.

Blood parameters
Blood samples were taken from all animals via a tail vain. The following parameters were evaluated:
Haemoglobin (Hb), total erythrocyte count (RBC), haematocrit (Hct), mean corpuscular haemoglobin
(MCH), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), total
leucocyte count (WBC), platelet count (PLT) and clotting (Prothrombin) time (CT). b

<

Cardiovascular system Q @° @ @O 0%@
After animals were anaesthetised cardiac activity was assé%s%d uﬁ@’ an gleCtrocaf@iogr A limb lead
was attached to each limb and connected to the electr@rdi hequi t wasTset to lead 11
measurement at a sensitivity of either 10 mm/mvolt o @mm/@folt apdh charlspee 25 mm/second.

The following parameters were evaluated: Hear| gy¢, P-BSinter inter Q-T interval, P-
amplitude, R-amplitude, T-amplitude. @ N

& oSS e
Nervous system Ay @ X ?&9@ )

various stimuli using a modified Irwin S&ieen. foll@ng l@amete@ were evaluated: Salivation,
hypo/hyperthermia, skin colour, respirat tion@palpe%? clospQ, pilo-erection, exophthalmia,
gait, twitches, tremors, convulsions, G@hor behdasBur, _ta ele\@aon, transfer arousal, urination,
defaecation, vocalisation, finger app esq?@e, taﬂ&toe p‘@h, grasp response, auditory startle
response, pupil response to light, papebral re ex.@ 5 N

o @ g 9 @
Animal assi tandt ¢ex viy@studiess
nimal assignment an @enx v?é\ u @1» @

Guinea pig - Isolated ileum @ @ ®) @

Sections of ileum were dissectad™romgyRvioushy untrd guinea pigs killed by cervical dislocation. and
were transferred to a purpose bui t@olate@@rgm@ath containing Krebs buffer solution with a test
substance concentration of 12 m@ ( @imur&@)lubility). The isolated ileum was connected to the
lever arm of an isotonic transducer by a%@%n Iigature. The transducer was connected to a chart recorder.
Contractions of the isolated ileum cot%?then &g recorded. Standard solutions of acetylcholine, a known
agonist, were prepared and added to the voldine of buffer solution used to bathe the isolated ileum. A
maximum volume of 2 mlL was used for%gll experiments to ensure the integrity of the tissue in the
medium. The contraction response of isﬁed ileum was recorded for each concentration of acetylcholine
to produce a standard curve. Between additions of each new concentration of acetylcholine, the buffer in
the organ bath was flushed out and replaced by fresh buffer. The test material, dissolved in buffer, was
added and its response compared with standards. Following initial results an antagonist (atropine) to the
effects of acetylcholine was added together with the agonist. The results were then compared with the
effects of an antagonist and the test material.

Animals were placed individually in a purp@ b%&arena@ ass€Sed f ehaviour and response to

9,

The following parameters were evaluated: Response to acetylcholine (agonist), test material, atropine
(antagonist) and acetylcholine (agonist), atropine (antagonist) and test material.
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Rat - Gastrocnemius muscle

Previously untreated rats were killed by cervical dislocation. The abdomen was immediately dissected
open and the dorsal aorta exposed. A buttertly needle was inserted into the dorsal aorta, near to the
bifurcation in a posterior direction.

A volume of 0.3 mL of lithium heparin at a concentration of 10 mg/mL in sterile saline was injected into
the dorsal aorta followed by 0.5 mL of sterile saline.

The gastrocnemius muscle of the hind limb was exposed with the sciatic nerve intact. The gastrocnemius
muscle was detached from the ankle joint and this area was ligated with cotton which was then attached to
the lever arm of a transducer. The limb was held in place by a series of pins. An electrical stimulus of 12
volts was applied to the sciatic nerve and the muscle response was recorded. This action was repeated at
approximately twelve second intervals until sufficient responses had been recorded.

The experiment was repeated on separate animals with doses of tubocurarine (positive control) injected
into the dorsal aorta instead of sterile saline. The experiment was also repeated on a separate animal with
the test material dissolved in sterile saline at a concentration of@mg/mL (ma@mum solublhtyb

The following parameters were evaluated: Response to mE&%)n of’ﬁ"rlle %%?e, t@ ur and test
material. ° °\
S 8

2 Q
% @ S L Q%
IL RESUL@ND %scuggm& .

\
A.  BLOOD PARAMETERS @Q @

There were no biologically significant dlffefé@es, athong ﬂ@%aram@rs n@ured between treated and
control animals. A ©)

& %@ > K
B. CARDIOVASCULAR SYST SERN )
There were no biologically 31gn1flc ffe&ég es, gieng %aram@rs measured, between treated and

control animals. @ @
N

a
C. NERVOUS SYSTEM 6 @ | @
There were no biologically @%ﬁlffe@@ces g the arameters measured, between treated and
control animals. @

@ o

D.  GUINEA PIG - ISOL@D gom S O
The addition of acetylcholine to @ medg cotaining the isolated guinea pig ileum resulted in

contraction of the tissue in adQohceng@ion g&ited response. Incubation with atropine sulphate
immediately prior to addition of acetydh 1ne@1mlnlshed or abolished the contraction response in a
concentration related manner.

The addition of glyphosate technical at@he madimum solubility in buffer also resulted in contraction of the
ileum. The force of contraction was incregded by an increasing volume of the test material in solution.
Incubation with atropine sulphate prlor%@dltlon of glyphosate technical also resulted in the abolition of
contractile response.

E. RAT - GASTROCNEMIUS MUSCLE

Injection of tubocurarine at a concentration of 25 mg/mL resulted in a significant diminution of the
contractile response of the rat gastrocnemus muscle when the sciatic nerve was stimulated. There was no
effect on muscle contraction when either glyphosate technical (12 mg/mL) or physiological saline was
mjected. The difference in force of response seen with glyphosate technical and physiological saline can
be attributed to individual animal variation.

II1. CONCLUSION

At a maximum dose level of 5000 mg glyphosate technical/kg bw there were no effects seen from the
in vivo screens performed. When administered to the isolated guinea pig ileum glyphosate technical
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caused a contractile response similar to that seen with known parasympathomimetic agents.
Evaluation of innervated muscle response using showed that glyphosate technical, when
administered at the maximum solubility concentration in physiological saline, did not cause any
neuromuscular blocking activity,

Annex point Author(s) Year Study title

A, 5.10/04 [ ] 2012 Glyphosate — A 28-Day Oral (Dietary)
Immunotoxicity Study in Female B6C3F1 Mice

Guideline:
Deviations:

Dates of experimental work:

NG O
, FHe & Q
Executive Summary @ Q" & 92 S
The potential immunotoxicity of hosagdOwas wyaluateBs after ated dietary administration to

B6C3FI mice. Four groups of 10 fpiMile [ ereOfferehiicts oxqtaining glyphosate concentrations of
0, 500, 1500 or 5000 ppm (equi@ent tR), 150%g49, a@b 448\@1@/@ bw/day) and for 28 conseculive
days. A further group of 10 fermdes wﬁused ® posi% im suppressive control group. These mice
received basal diet for 28 da&%nd W rea ith lgﬂoneal (IP) injection of 50 mg/kg bw/day

once daily for four consec da@ludy Qys 24@).

The animals were checke rwicai]y fgy mortalt a.m@-lce daily for elinical signs. Detailed clinical

examinations were performe ncﬁ we@ Bo‘és@weights were recorded twice weekly. Food

=

¥

consumption was recorded in wéekly rvali{snd foow intake was calculated for the corresponding body
weight intervals. Blood samples N M |bodénalysis were collected from all mice at scheduled
necropsy. At termination, the aninwls 2%, sacrifived and subjected to a full macroscopic post-mortem
examination. Spleens and thymus were ghc%@@hd specified tissues preserved.

There were no test substance-relaté® cffe@ on survival, clinical observations, body weight, food
consumption, as well as any gross palholo%‘al changes. There were no test substance-related effects on
spleen or thymus weights (absolute or ive to final body weight), spleen cellularity, or the T-cell
dependent antibody response {TDAR],%measured by the AFC IgM Specific Activity (AFC/10° spleen
cells) and Total Spleen Activity (AFC/spleen), at any dosage level tested.

Conclusion

Treatment of female B6C3F1 mice for 28 days with diets containing glyphosate was well tolerated and did
not suppress the humoral component of the immune system when evaluated using the AFC assay. The no-
observed-effect level (NOEL) for suppression of the humoral immune response in female B6C3F1 mice
offered glyphosate in the diet for 28 days at 500, 1500, and 5000 ppm was considered to be 5000 ppm
(equivalent to 1448 mg/kg of body weight/day).

L MATERIALS AND METHODS
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A. MATERIALS
1. Test material:
Identification: Glyphosate
Description: White powder
Lot/Batch #: GLP-0807-19475-T
Purity:  95.11 % (dried)
Stability of test compound: Expiry date: 2011-06-10

2. Vehicle and/ Basal diet
or positive control: Cyclophosphamid monohydrate

3. Test animals:

Species: Mouse

Strain: B6C3F1/Crl
Source:
Age:
Sex: Female
Weight at dosing:  16.5 —20.0

Acclimation period: 14 days " ©

Certifig (ﬁ{

Diet/Food:
Water: Tapwater & [ibi N)
‘o X
Housine: «&ig@iy n @hles@@el, \{Qmesh cages suspended above
& Qage &oard N @

<
% O

ratur@ 22 %032 @
N 0%D

idit
&Q\ ’ir cha§s 5@
3P 1.}}3 h@dark

& &
B:  STUDY DESIGN AND M@{O}:@ S

L’ @

&
Animal assignment and treatment:
In a 28-day oral immunotoxicity study %gps of 10 female B6C3F1/Ctl mice received daily dietary doses
of 0, 500, 1500 and 5000 ppm glyphosate (equivalent to 0, 150, 449 and 1448 mg/kg bw/day).
A further group of 10 females were used as positive immunosuppressive control group. These mice
received basal diet for 28 days and were treated with an intraperitoneal (IP) injection of 50 mg/kg bw/day
once daily for four consecutive days (study days 24-27).
Test diets were prepared weekly and stored at room temperature. For the negative and positive control
groups an appropriate amount of basal diet was weighed into a plastic storage bag. For the test substance
groups 500 g of basal diet was weighed (pre-mixture). An appropriate amount of glyphosate was weighted
into a mortar, mixed with a small amount of the pre-mixture basal diet, and ground until uniform. This
admixture was transferred to a Hobart mixer and mixed with the remainder of the pre-mixture basal diet
for five minutes. The resultant mixture was then transferred to a V-blender with a sufficient amount of
basal diet to achieve the correct diet concentration and mixed for an additional 10 minutes using an
intensifier bar during the first and last three minutes of mixing to ensure a homogeneous mixture. The test
diets were prepared from the lowest to highest concentration. The stability and homogeneity of the test

Environmental condltlon@

In life dates: 2010-10-05 to 2010-11-
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substance in the diet was determined in an in-house stability study at 450 and 5500 ppm. Analyses for
achieved concentrations on the test diets were done during study weeks 0 and 3.

Mortality
Each animal was checked for mortality or signs of morbidity twice a day during the treatment period,
including weekends and public holidays.

Clinical observations

A check for clinical signs of toxicity was made once daily on all animals. In addition, a detailed clinical
examination was performed at once a week during the study period, beginning one week prior to
randomisation, and on the day of scheduled necropsy.

Body weight
Individual body weights were recorded twice weekly, be ng approxi ately one we@‘brlor to
randomization, at the time of animal selection for randomiz@bion, (@%tu 10r to the
scheduled necropsy. Mean body weights and mean b chy g S w@e c ted for the
corresponding intervals. @ \ N N

Q@ @ @Q o §
Food consumption and test substance intake @ @ (@) &

The quantity of food consumed was recorded for &E‘h anu%l weelly, beg@ng ximately one week
prior to randomization, and just prior to the &hed & hecgopsy. @pod itkgke was calculated as
g/animal/day for the corresponding body welgﬁ& integpals. Thevme %ount@gof glyphosate consumed
(mg/kg/day) per dose group were calculatedo@n ean fpQd cons@ned of body weight/day) and
the appropriate target concentration of gl sate @e fo mg/é@of dié@

9
oy s S
S -(g $S10 IgMQltlbody production blood samples
were collected from all animals at@ edu necrgpsy andQyoce to serum. Following euthanasia by
carbon dioxide inhalation, appr atel 8@75 mﬁbf bl lected from the inferior vena cava of
each mouse into a tube containjn no 1coag&@1t and%}loweég clot. Serum was obtained and aliquots
of approximately 150 pL (@dj rel&@der @ transferred to cryovials and stored frozen

(approximately -70°C). @
Q

Sacrifice and pathology & @ x> ©

A complete necropsy was conductn all @mal&t scheduled termination or on animals that died or
were sacrificed during the study @rlod A@y magfxcopic findings were recorded. The following organ
weights were determined from all animad&ytrviving to scheduled termination: spleen and thymus.

Tissue samples were taken from the @ thymus. Spleen samples were placed in EBSS/HEPES
buffer. Thymus samples were preserve I@neutral buffered formalin.

Spleen processing for immun0t0x1col§§ll evaluation
For the determination of the number ofSspecific IgM antibody-forming cells directed towards sRBC an
AFC assay, as a modification of the Jerne plaque assay (Jerne et al., 1963, 1974) was conducted.

Spleens were collected from all animals at the scheduled necropsy (study day 28) immediately following
blood collection. Individual spleens were placed into individual tared tubes containing EBSS with 15 mM
HEPES, supplemented with gentamicin as a bacteriostat, and maintained on ice. Each tube was then
weighed to provide a “wet” weight for each spleen. Spleen samples from Groups 1-4 animals were
randomized and coded for antibody-forming cell (AFC) analysis. Spleen samples from Group 5 were
labelled as positive control samples for analysis. The spleen samples were placed on crushed ice until
procession for AFC analysis.

The spleen samples were processed into single-cell suspensions. The cell suspensions were then
centrifuged and resuspended in EBSS with HEPES. Spleen cell counts were performed using a Model
Z1™ Coulter Counter®. Viability of splenocytes was determined using propidium iodide and the
Coulter® EPICS® XIL.-MCL™ Flow Cytometer
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Statistics

Body weight, body weight change, and food consumption data were subjected to a parametric one way
ANOVA (Snedecor and Cochran, 1980) to determine intergroup differences. If the ANOVA revealed
statistically significant (p<0.05) intergroup variance, Dunnett's test (Dunnett, 1955, 1964) was used to
compare the test substance treated groups to the control group.

The positive control data were evaluated using the Student’s t-Test (Sokal and Rohlf, 1981) and compared
to the basal diet control group.

Organ weight (wet spleen and thymus), final body weight, and AFC data obtained were first tested for
homogeneity of variances using the Bartlett’s Chi Square test (Bartlett, 1937). Homogeneous data were
evaluated using a parametric one-way ANOVA (Kruskal and Wallis, 1952). When significant differences
occurred, the treatment groups were compared to the basal diet control group using Dunnett’s test
(Dunnett, 1955, 1964). Non-homogeneous data were evaluate mg a non-parametric ANOVMiIson,
1956). When significant differences occurred, the treatmy §§? grougy) wec&mp basal diet

control group using the Gehan-Wilcoxon test when opr (Gss an ark \1» 75).  The

Jonckheere’s test (Hollander and Wolfe, 1973) was use r do elat ross the basal
diet control and test substance treated groups. The® osm\@ con data re e ated using the
Student’s t Test (Sokal and Rohlf, 1981) and compagg basal et 01 g The criteria for

accepting the results of the positive control groug%ﬁ?&lude% stati§hgally &g lfIC <0 05) decrease in
the response when compared to the response of asal $igt'co grou@ \

The AFC data were expressed as Specitic Actlvi‘% Ig tibo, ormi@cells @or million spleen cells
(AFC/106 spleen cells), and as IgM Total Sp@] Actis (@' Ty ( spleefd).

IL @UL@E{Z@)@I)SCO &Q

A
A.  ANALYSIS OF DOSE FORMPLATIGNS S @
The achieved concentrations of gl mn osate the d@ »‘ ary p@ratl ere in the range of 85.6 — 97.5% of
nominal, and therefore w1th1n table %ﬁnge 2NT15 %. The diet formulations were
da ed até@om perature with the following exception.

homogeneous and stable for éﬁ
N Gsg ppm diet formulation was 83.1% of

During homogeneity/conce ﬁ% epta @ty te@g
target. The 5500 ppm ormu ion w with@y accegable range (90.8%) but was considered low,

therefore, calibration standards @ere pfparedmps mafiX-based samples and a cross-validation was
conducted. The diet formulati weggnFeanal¥xed usgy matrix-based calibration standards and met the
testing facilities SOP acceptance cri @a for kg ogengity and concentration acceptability. Based on these

results, the protocol-specified dos tesé @bst were offered to the animals. The test substance was

not detected in the basal diet that was ed e basal diet control (Group 1) and positive control
(Group 5) groups. &)
=R
B. MORTALITY AND CLINICAL S@NS
There were no mortalities observed duri e study period.

C. CLINICAL OBSERVATIONS
There were no test substance-related clinical findings.

D. BODY WEIGHT
There were no test substance related

E. FOOD CONSUMPTION AND COMPOUND INTAKE
There were no test substance-related effects on food consumption noted.

The group mean achieved doses are summarised below.
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Table 5.10-8: Group mean achieved dose levels of glyphosate

Dose group Dietary concentration Mean achieved dose level
(ppm) (mg/kg bw/day)
1 (negative control)* 0 0.0
2 (low) 500 150.1
3 (mid) 1500 449.1
4 (high) 5000 1447.5
5 (positive control) 50 mg/kg CPS** 0.0
*  basal diet group
**  CPS = cyclophosphamid
F. NECROPSY o
Gross pathology ©® ° @ %" @b
There were no test substance-related macroscopic effects. ch& ﬁ\@ K @?\9 o?\i\y

N
B D, e g
Treatment with the positive control CPS produced a @ 1 us inhree c\ e FQ: nimals. These
changes were consistent with the known effects of CPSY feré?i%@l m@y @

L v
Organ weights % Q>
There were no test substance-related effects O&QIIDII]Q“@BOd}%@EIg T %een or thymus weights
(absolute or relative to final body weight) w@n the& sub@nce té%ted g Pps were compared to the
basal diet control group. %
Treatment with the positive control CP@ d stafi tlcally n1f1 y lower spleen and thymus

5@

weights (absolute and relative to final hgdy we 0mp@d to sal diet control group. These
changes were consistent with the kno effe f CR&am fe mice.
The results of final body and organ ght erml ns a§is edin the Table 5.10-9 below.
Table 5.10-9: Final body weight a! ©>or ag@%elght@l@ta \” ﬁ@}
Dose group Body, w@&jght @ 1% \ Thymus
N Q Q@ :) o Vbﬁ weight weight % body weight
Aoy /,(Jng) (mg)” (%)*
VO

1 (negative control)* 20.9 J_ﬁ*@;é Ws 3 ;é\\s @6.41 +0.02 443 +3.5 0.21+0.02

2 (low) 20602 O 82. 3@719 6 &, 040£0.02 415+19 0.20 £ 0.01

3 (mid) 21,6+ 038 | @ 6. 5P 042:£0.03 459427 0.21 +0.01

4 (high) 21.3+0.2 ®@+ 3@ 0.40 + 0.02 42.0+2.6 0.20 + 0.01

5 (positive control) 21.5+03 SO + 0.23 £ 0.02%* 13.3 + 0.8%* 0.06 + 0.01%*

Values presented the mean  SD deriv&l fron@e number of animals evaluated per dose group
**  Statistically significant from negative cont]%at p<0.01

G. AFCASSAY RESULTS X

There were no test substance-related effects on spleen cell numbers, and in the functional evaluation of the
IgM antibody-forming cell (AFC) response, treatment with glyphosate did not result in a statistically
significant suppression of the humoral immune response when evaluated as either Specific Activity
(AFC/106 spleen cells) or Total Spleen Activity (AFC/spleen). There were no statistically significant
differences nor any dose-related trends noted when the basal diet control and test substance-treated groups
were compared.

Statistically significantly lower spleen cell numbers, mean specific activity, and mean total spleen activity
values were noted in the positive control (CPS treated) group when compared to the basal diet control
group. These effects were consistent with the known immunosuppressant effects of CPS and validated the
appropriateness of the AFC assay.

The results of the AFC assay are summarised in Table 5.10-10 below.
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Table 5.10-10: Results of AFC assay

Dose group Spleen cells IgM AFC/10° IgM AFC/spleen
spleen cells

(x 109" # (x 105"
1 (negative control)* 11.29 £ 0.65 1160 £ 131 127 11
2 (low) 11.45 +0.64 1273 £ 123 144 £ 16
3 (mid) 13.45+1.24 1368 + 163 190 + 37
4 (high) 12.51 £0.66 1514 +204 195+ 32

5 (positive control) 5.18 £ 0.53%* 0+ Q** 0+ Q**

Values presented the mean * SD derived from the number of animals evaluated per dose group
**  Statistically significant from negative control at p < 0.01

III. CONCLUSION .
Repeated dietary administration of glyphosate to femal@B6C3F1 e dld 130t ;@ess the

humoral component of the immune system. The no- obs 0r suppression of
the humoral immune response in female B6C3F1 mic 0 pho ein t 1et @ 8 days was
considered to be 5000 ppm (equivalent to 1448 mg/k /da e h1 entratlon
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Part 2. LITERATURE REVIEW

Monsanto Company has been conducting routine surveillance of technical literature for glyphosate-related
publications in a structured fashion since early 1997. During the period from 1997 to the present time, the
search process and the literature databases used have been modified as new resources and technology
became readily available. The technical databases that are used for the search include: Web of Science™,
BIOSIS Previews®, CAB Abstracts® (CABI), MEDLINE®, and CA Plus (Chemical Abstracts Plus).
The searches are done on glyphosate acid, glyphosate salts (including isopropyl amine, potassium,
ammonium, and methylamine), and AMPA, and their related chemical names and CAS numbers.
Searches based on these search terms will also identify publications that consider glyphosate and
surfactants, (such as polyoxyethylenealkylamines, or POEA), in the context of glyphosate formulations.

Starting from the ongoing Monsanto literature database, all the peer-reviewed publications C%eoring the
time period from 2001 through 2011 that relate to the four ke @pclphnes add@smg xposur%zg d hazard
(toxicology, ecotoxicology, residues and environmental ) asse@ed w%t%}n ppropriate
discipline for inclusion in the literature review for the s s1o blic s agdpSs more than
one discipline, and are included in each relevant d1301p11% Mo ecen@ llcag hm@ontinued to be
reviewed up to shortly before submission, and selected@ llc§@hs ha@®beegsic ude

Q

N

At the request of the Bundesambt fiir Verbrauch&chu %}d L@ 131che@elt (BVL), additional
publications cited in a recent document prepare@y Op @our av%z o been included in the
literature review. Many of the cited peer-reyigwed @llcatl ea cluded, but others were

not within the scope of this literature rev1ev%pr1m y be llc@)n date was prior to 2001.
The additional peer-reviewed publlcatlo ave n m 1 ed @ ssed within the appropriate
discipline.
@ @’ %\, %
The peer-reviewed publications id@led& 1ncg§$n § them ture search were reviewed within
es i

cach discipline and classified intg@ne of t@ cate sg
e Category 0 publications’ Th hcat {s in @ch glyphosate is only mentioned as an
example substance dr@ di tf@’ed/stu@led maontex@hat is not relevant or related to any of the
regulatory sectlou&% the e%osureﬁazard@ssess ts within this submission; the publication is
therefore outside of the of@s su@3310n©
¢ Category 1 publlcatl(%)%s T bllcatl@s which discuss glyphosate in a context relevant
or related to the regulator; @Esswrﬁ d the conclusions fall within the conclusions of the
exposure/hazard assessmen T@Nub ion is submitted with minimal or no comment or
discussion.

el

e (Category 2 publications: These areﬁbhcatlons which discuss glyphosate in a context relevant
or related to the regulatory dos sections and have conclusions that call into question the
endpoints/conclusions in the exmure/hazard assessment. Additionally, Category 2 also includes
publications with conclusions that support the risk/hazard assessment, and may be included in
discussion of other relevant publications. For selected Category 2 publications, an OECD Tier-11
type summary is provided in addition to a reliability assessment (Klimisch rating, see Klimisch et
al. 1997); limited comments and critical remarks are provided, as appropriate.

e Category 3 publications: These are publications that discuss glyphosate in a context relevant or
related to (1) non-regulatory endpoints that need to be addressed as per new Regulation (EC)
1107/2009; or (2) in a context relevant to sensitive allegations that have emerged or could emerge
in the media; or (3) in a context relevant to the regulatory dossier sections and have conclusions

' Earth Open Source report. 2011. Roundup and birth defects: Is the public being kept in the dark? Authored by
Antoniou M, Habib MEEM, Howard CV, Jennings RC, Leifert C, Nodari RO, C Robinson, Fagan J. Available from:
http://www.earthopensource.org/files/pdfs/Roundup-and-birth-defects/RoundupandBirthDefectsvS.pdf
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that are in disagreement with endpoints/conclusions in the exposure/hazard assessment (although
the experimental design seems relevant at first glance). An OECD Tier-1I type summary is
provided and a Klimisch rating assigned, and supplemented with critical review and discussion.

e Category ‘E’ publications: These are peer-reviewed publications that were cited in the Earth
Open Source document. This category includes publications that were already captured by the
literature search and are addressed within the appropriate discipline, as well as publications that
were out of scope of the search (primarily as a result of being published prior to 2001).
Publications already captured in the literature search were assigned a Category 1, 2 or 3 rating (as
appropriate) in addition to a Category ‘E’ rating. An OECD Tier-II type summary has been
prepared and a Klimisch rating assigned for each of the Category E publications. All Category ‘E’
publications are reviewed within the appropriate discipline, with most of the reviews provided

within the toxicology dossier under Section I1A 5.10. @ ©°
@ @
Approximately 2000 peer-reviewed publications from the l\%nsan chn@ iter se were
assessed, and of those about 1000 were assigned a Categ 1, 2@ an ecte 1n®10n in the

submission. %

@@@Q&

A full description of the literature search methodo«l@y is p@glded@a sepagate dO@t%nt (Carr and
Bleeke, 2012).

The publications selected for inclusion are ‘h@ed 1 oc L @each@spectlve section, under the
Annex point for ‘Other/Special Studies’: 5 10 XlC t IIA 6.10 (Metabolism and
Residue), Point ITA 7.13 (Env1r0nmenta@ate) Eco ology) Under each point, the
list of Other/Special Studies is present tabl
e Table 1 lists other relevant ;@y the yphe@% Task Force or member companies
1thm@ay oth¢®Plossier points .

in support of the submiss 1@ that&) not
e Table 2 lists all the rele%nt p -rev1@d pub%catlong om the literature that were selected for
inclusion in the sub
e Table 3 lists the/%y 11 and other dgcum that are cited within the discussion of the
literature. These 1nclucun;;§s sugs govghment or company reports; publications that are
included in the literatur® rev anoi@ section of the dossier; and publications that are
outside the scope of the llQMe r@? KQ
O
N

Five separate publication subject areas@@are add¥ssed in the literature review below.

1. Developmental and Reproductive @g;icology (DART) and Endocrine Disruption (ED)
2. Neurotoxicity %

3. Carcinogenicity

4. Genotoxicity

5. Category E and other publications

Publications are presented in Tier II style summaries followed by Klimisch ratings then
responses/comments on the paper. Results reported and discussed in the peer reviewed open literature
review do not affect the conclusions drawn in the core glyphosate dossier.
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1. Literature Review of Developmental and Reproductive Toxicity (DART) and Endocrine
Disruption (ED) Publications

Publications suggesting glyphosate or glyphosate based formulations are developmental toxicants,
reproductive toxicants or endocrine disruptors include in vitro studies, in vivo studies and epidemiological
studies with weak, statistically non-significant associations. Some epidemiological studies evaluate
associations with pesticides in general or classes of pesticides, with no mention of glyphosate or
glyphosate based products, and thus warrant no further discussion (e.g. Benitez-Leite, 2009) other than the
OECD Tier II like summary and Klimisch rating (Klimisch, 1997). Many of these published since 2000
are specifically discussed in a comprehensive glyphosate DART review publication by three
internationally recognized experts (Williams et al., 2012), referenced in Doc L. Table 2 and included in
Doc K. Further discussions of some significant papers follow.

In addition, glyphosate was included on the US EPA Endocrig&*Disruptor Sc eenlng Prograr@ (EDSP)
first list of 67 compounds to Tier 1 Screening. The US EPA &garly @Bhse c§@1a fc @clusion on

@ @eral Register
N

& S S

“This list should not be construed as a list of @own Q@lkely ocrx dlsru rs”

List 1 was strictly based on exposure potential, not haz speé@aﬂy%}a mg
(2009);

coordinated the conduct of the glyphosate bé%tery ter NScreediy ass@ys under the EDSP and
submitted these successtully completed ass he © g@ﬂl evaluate the full battery

of Tier 1 screening assays together usin % iy ev@nce @)roac or glyphosate’s potential to
mteract with the estrogen, androgen § aﬁggrme wa The following below were

submitted by the JGTF to the US EP carly, 012 ted e reviewed this year. However,
the Agency gas announced they wilihot 1se Da valuax@n Records (DERs) for individual
EDSP studies until a weight of evidénce review hagbeen @plet%or List 1 compounds. Therefore, in
an effort to disclose the finding the hops?ﬁ“e ED%QR data _fi»the scientific community, the JGTF is
considering publishing a Welg% t Ev%nce r@w of%gypho@ with respect to endocrine disruption.

In Vitro EDSP lephosatgﬁdles mltte@o the@% EPA@
Androgen ReceptoFB @ (R @ostat@yt@OCSPP 890.1150
0

Aromatase (Human Ré&@mbin OCSPP 89 0

Estrogen Receptor Bindin &@ay Udyg RatYterine Cytosol (ER-RUC); OCSPP 890.1250
Estrogen Receptor Transétion@l@ctiv 101 (Human cell Line, HelLa-9903); OCSPP 890.1300;
OECD 455
¢ Published OECD Validation @e S@dogenesis Assay (Hecker et al., 2010)

A consortium of glyphosate registrants in North e@é J Gl@@sate T@( Force, LLC (JGTF),

In Vivo EDSP Glyphosate Studies submit@o the US EPA
¢ Amphibian Metamorphosis (Fr CSPP §890.1100; OECD 231
In Vivo Hershberger Assay (Rat); OCSPP 890.1600; OECD 441
Female Pubertal Assay; OCSPP 890.1450; OECD None
Male Pubertal Assay; OCSPP 890.1500
Uterotrophic Assay (Rat); OCSPP 890.1600; OECD 440
Fish Short-Term Reproduction Assay; OCSPP 890.1350; OECD 229

The glyphosate Tier 1 screening assay study reports are owned by the JGTF. The European Glyphosate
Task Force (GTF) is negotiating to procure access rights to the battery of glyphosate EDSP Tier 1
screening study reports. Results of the Hershberger and Uterotrophic in vivo rat studies, now in the public
domain, as are the published results of the OECD validation of the Steroidogenesis assay, in which
glyphosate clearly had no impact on steroidogenesis, are discussed below.
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In Vitro Glyphosate DART/ED Publications

Many in vitro research publications have characterized pesticide formulations, including glyphosate based
formulations, as toxic and endocrine disrupting products. Researchers and editorial boards have
frequently overlooked the fact that surfactants (which are often components of formulated pesticide
products), by their physico-chemical nature, are not suitable test substances using in vitro cell models.
Surfactants compromise the integrity of cellular membranes, including mitochondrial membranes, and
thus confound endpoint measurements considered as representative of specific toxicological modes of
action or pathways. For example, Walsh et al. (2000) published research claiming that a glyphosate based
formulation, but not glyphosate alone, adversely affected the steroidogenesis pathway by inhibiting
progesterone production resulting in downstream reduction in mitochondrial levels of StAR protein.
Subsequent research by Levine et al. (2007) demonstrated (i) no synergism between glyphosate and the
surfactant since the cytotoxic effects were completely independent of glyphosate; identical dose-response
curves were noted for formulated product with and with the glyphosate actlve 1ngr®l‘ént (i)
comparable cytotoxicity dose-response curves for several @)‘hse det ts Q @ Qurfactants;
and (iii) a variety of surfactants demonstrate cytotoxic ects° 1flc 1ochemlcal
pathways within intact cells. Levine (2007) concludes bOemp -\ @sonslderlng the
biological plausibility of observed in vitro effects for i& t ani@ e 0 ©

@ S © Q S
Subsequent research addressing the steroidoge “ paﬂ%ay cditirme \Iyph sate lacked endocrine
disruption potential specific to this pathway. ass $ 2009 evaluaigd etfects on gonadal

acs (

steroidogenesis in frog testis and ovaries on glyp ana@ acti® substance, noting that
glyphosate unequivocally demonstrated no &@bt E 20@) als @sted glyphosate alone and
demonstrated no effect on testosterone levgls in K1 @rine @zdlg c& in vitro. Furthermore, the

e ermd@@ esl%ssa d&d fopQier 1 screening of the US EPA

OECD multi-laboratory validation of th %
EDSP, evaluated glyphosate and (-\1\ @’ieml@ enesis (Hecker et al., 2010).

ude
Consequently, the US EPA considergy e to alld n report sufficient for meeting the
glyphosate Steroidogenesis Assay @t Ore n SR”@{ 1 s nlng of glyphosate.
The Seralini laboratory at th 1ver «@n Fp&%ce é}s multlple recent publications of in vitro
research with glyphosate an %’ for on 1chard et al, 2005; Benachour et al, 2007;
et aly

Benachour and Serahnl asnigl t al, 2010; Gasnier et al., 2011; Clair et al.,
2012; Mesnage et al., 2012) olati to an array of in vivo effects including potent
endocrine disruption, aromataye ition %stro gefr synthesis, placental toxicity, foetotoxicity,

embryotoxicity and bioaccumulati The@’pubh@atlons are often replicates of earlier studies, using
different cell lines or primary CQ ltu,%? andgg@some cases the same data are reported again in a
subsequent publication. Firstly, the in gism claims are conjecture, simply because no control
groups of surfactant without glyphos@vere ted. Secondly, the extrapolations to in vivo effects are
unjustifiable based on both the unsuitability oDsurfactants in such test systems and the supraphysiological
cytotoxic concentrations at which in vitreffects are reported. Again often overlooked by in vitro
researchers and editorial boards, Levin. (2007) presented convincing data demonstrating a lack of in
vitro synergism for glyphosate with other formulation ingredients. Regarding Seralini’s repeated claims of
glyphosate induced aromatase inhibition in mircosomes (Richard et al, 2005; Benachour et al, 2007;
Gasnier et al, 2009), the data are confounded and thus uninterpretable where surfactants are introduced to
such in vitro systems. This is noted in the US EPA Aromatase Inbibition Test Guideline, OECD
890.1200, in which notes,

“Microsomes can be denatured by detergents [surfactants]. Therefore, it is important to ensure that
all glassware and other equipment used for microsome preparations be free of detergent residue.”

Research from the Seralini laboratory has repeatedly gained general public and media attention, including
dissemination on “you-tube” and public lecture tours in various countries, in which allegations against
glyphosate based products and biotechnology in agriculture are made. The selective use of literature, with
absence of contradicting research (e.g., Kojima et al. (2004) demonstrated glyphosate lacked affinity for
estrogen-o, estrogen-p and androgen receptors) demonstrates consistent and undeterred bias in the authors’
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publication record. Numerous authoritative reviews have discounted the relevance of the Seralini team’s
research to human health risk assessment; some of these are referred to in specific publication reviews
below. Several more recent publications from this group investigate homeopathic plant extract remedies
for effects they attribute to glyphosate exposures in formulated products in vifro (Gasnier et al.(2010);
Gasnier et al.(2011)).

Another in vitro publication claiming a specific developmental toxicity pathway has gained significant
public traction, media attention and widespread international public lecture tours by the lead investigator.
Paganelli et al. (2010) from the Carrasco research laboratory in Argentina conducted three in vitro assays,
(1) frog embryos exposed to glyphosate formulation; (ii) frog embryos directly injected without injection
blank negative controls; and (ii1) fertilized chicken embryos exposed directly to a glyphosate formulation
through a hole cut in the egg shell. Key issues surrounding this research include irrelevant routes of
exposure as well as excessively high and environmentally unrealistic doses.
<
@ (&

SE

In Vivo Glyphosate DART/ED Publications &Q o @ S @O ] %\&@

N

Relatively few in vivo publications on glyphosate DARbnd @xist @ O @on the list of in
vitro publications. Some lack appropriate interpretatio basi@OxicodQey; ¢.g, aruit al. (2001) and
Beuret et al. (2005) (two authors are common to ¢ pap@@nd tr@m th @me ersity department)
noted rats treated with a glyphosate based formul @1 sh(%ed re d fo, h“\nt , reduced water intake
and reduced body weight gains. However, the &mrs not ﬁder@ ibufi® the effects of altered
enzyme concentrations to dehydration or restristed dﬁ Bc@%tud@re régewed in Williams et al.
(2012). 2 & & 9 9

X G © @@
Dallegrave et al. (2003; 2007) published&ults @%O ep-gui Qnes 1 evelopmental toxicity studies,
in which a glyphosate based formatim@@ tai ‘ﬁ,\ POE?@Vas g uatedyNumerous reporting deficiencies

A

i o iy Q

and inconsistencies pose d1fflcultles© By ata&ﬁ@ ret o N
Romano et al. (2010) evaluate@lypl@me ba§forlﬁ§atio °@a male pubertal-like assay in Wistar
rats, reporting decreased prepytial separationsyé uced%eminiﬂs@ous epithelial height, increased luminal
diameter of seminiferous tu u%)s, creadd rel testigtdar and adrenal weights. Given the gravity
of the reported findings igg(hys publi¥ation, %ery @slailedLsview was undertaken by experts in the fields
of reproductive and development@toxicd®ey agd endogihology; William R. Kelce, M.S., Ph.D, Fellow
ATS; James C. Lamb, IV, Ph%%])A and ow ; John M. DeSesso, Ph.D, Fellow ATS. Their
critique is referenced in Doc L and w@uded @Appen@ix K. Most recently, Romano et al. (2012) reported
additional findings in male rat er s@posed@n utero and post natal exposures which include
“behavioral changes and histological endgerine problems in reproductive parameters and these
changes are reflected by a hypersecregid@ of a@%gens and increased gonadal activity, sperm production
and libido”. As in their first publicdtion, Rymano et al. (2012) base their hypothesis on selectively
discussed literature implicating glyphosate%ts an endocrine disruptor, predominantly with citations to
research from the Seralini laboratory. %

Recently, the first publicly data available from the glyphosate Tier 1 assays under the US EPA Endocrine
Disruptor Screening Program, were reported at the 2012 Society of Toxicology meeting (Saltmiras et al.,
2012) for the Hershberger and Uterotrophic assays. No effects were noted for any potential for glyphosate
to interact with androgenic or estrogenic pathways under these GLP studies following the US EPA 890
Series Test Guidelines.

POEA DART Studies in Williams et al. (2012)

Polyethoxylated alkylamine (POEA) surfactants are a class of non-ionic surfactant, containing a tertiary
amine, an aliphatic group of variable carbon chain length and two separate sets of ethoxy (EO) chains of
variable length. A dietary exposure assessment of POEAs previously submitted by Monsanto to BfR
(Bleeke et al. 2010) is referenced in Doc L. and included in Doc K. This exposure assessment report also
refers to the US EPA Alky Amine Polyalkoxylates Human Health Risk Assessment, which includes
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POEAs (http://www.regulations.gov/search/Regs/home . html#documentDetail ’R=09000064809b983b).
Williams et al. (2012) recently evaluated and detailed the results of DART studies with two different
POEA surfactants, summarized below.

Pregnant female rats were administered MON 0818, a POEA surfactant, at 0, 15 100 and 300 mg/kg/day.
The NOAEL for maternal toxicity was 15 mg/kg/day and the NOAEL for rat developmental toxicity was
the highest dose tested, 300 mg/kg/day (Holson, 2001).

A reproductive and developmental multigenerational screening study dosed MON 0818 in diets at O, 100,
300 and 1000 ppm. The majority of endpoints evaluated were unaffected by treatment, including testis
morphology, sperm parameters and testosterone and thyroid hormone levels. The mid-dose of 300 ppm
(approximately 20 mg/kg/day) was considered the NOAEL for reproductive and developmental toxicity
based on the following results in FO at the high dose, 1000 ppm: increases in unaccounted for implantation
sites with reduced mean number of pups and litter size in igh dose grup, three high @%e dams
delivered litters of two-four pups each, with total litter los@f pos@l‘htal (Pl\@z ir@o of these

litters. Upon breeding of F1 generation none of the findfig § ere pprod i , and given
some were not statistically significant, they were consu@ oca ow@ a NOAEL for
reproductive/developmental toxicity was considered to dose§0 mg%kg/da napp, 2007).
Another reproductive/developmental study of a @ent P A S tant ﬁo % evaluated doses of
0, 30, 100, 300 and 2000 ppm in diet. A smgl se g $up of at 1 ppm in diet was also
included to determine whether litter effects pre%iousl te were@eatment related (Knapp,
2008).

e MON 0818 dosed at 1000 pp
respectively) did not reveal the I
incidents were not considered
was also noted in one fema

76 86 @/kgld@ prer@@?)ng in males and females
T effe@ gg?n the iou @de at this dose. Two maternal

ated &(%)’ eatnion 0@% maleyith dystocia died on PND 1 (this
&ontro up % n the‘%evmus study at the same facility)

and a second female wa; @nhanlz du@o a 44 rus on gestation day 30. No test
substance-related effect$g€re n for emlc%xlcl syeproductive endpoints, pup survival or
mortality. Theretore the ov NO -\ &&ON 0818 was considered 1000 ppm,
approximately 81 n@}d @

e The MON 8109 &Q mic %@mlty @)AE@n m, and females was 300 ppm, based on mean

body weight loss, redgﬁﬁne dy wght gaitvand decreased food consumption at 2000 ppm.
Developmental/reprodéetive effgcts 00 py@y included reduced mean number of implantation
sites, increased number of cou tor fuplantation sites, decreased mean litter size at PND
0, reduced mean number@ irtduce@urvival at PND 4 and reduced mean pup weight at
PND 1. The MON 0818 repro@ e/c@/elopmental NOAEL was also 300 ppm (approximately
23 mg/kg/day).

g/kg/day ) §@

Epidemiology Glyphosate DART/ED P@patlons

Several epidemiology studies in whlch?yphosate exposure was considered have evaluated the following
range of reproductive outcomes; miscarriage, fecundity, pre-term delivery, gestational diabetes mellitus,
birth weights, congenital malformations, neural tube defects, attention-deficit disorder / attention-deficit
hyperactive disorder (ADD/ADHD). In most instances, glyphosate and reproductive outcomes lack a
statistically significant positive association, as described in a recent review of glyphosate non-cancer
endpoint publications by experts in the field of epidemiology, Pam Mink, Jack Mandel, Jessica Lundin
and Bonnielin Sceurman (Mink et al., 2011). In evaluating ADD/ADHD a positive association with
glyphosate use was reported by Garry et al (2002), but cases were parent reported with no clinical
confirmation and the reported incidence rate of approximately 1% for the study population was well below
the general population incidence rate of approximately 7%. Regarding in utero exposures, McQueen et al.
(2012) report very low measured dietary exposures, from 0.005% to 2% of the current glyphosate ADI in
Europe. Given the low perfusion rate of glyphosate across the placenta (Mose et al., 2008), human in
utero exposures would be very limited.



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 737 of 1027

IN VITRO DART/ED PUBLICATIONS

Author(s) Year Study title

Walsh, L.P. McCormick, C. | 2000 Roundup inhibits steroidogenesis by disrupting

Martin, C. Stocco, D.M. steroidogenic acute regulatory (StAR) protein expression.
Environmental Health Perspectives

Volume: 108

Number: 8

Pages: 769-776

Abstract* @

Recent reports demonstrate that many currently used pestic@ hayé@he ¢ 1ty te@sruproductlve
function in animals. Although this reproductive dysfungtion is t@i call y arac lteratlons n
serum steroid hormone levels, disruptions in sperma nes@an 1 mechanlsms
mvolved in pesticide-induced infertility remain unclea& ecaus@restic@r L ce ay a crucial role
in male reproductive function by producing testost sed the HAENS Leydlg tumor cell
line to study the molecular events involved { pest e-1n d a eratlo steroid hormone
biosynthesis. We previously showed that the o @0&1 e 1ns ﬁdane ﬁad the organophosphate
msecticide Dimethoate directly inhibit stero nes@ln L pting expression of the
steroidogenic acute regulatory (StAR) pro pro@n e(@tes rate-limiting and acutely
regulated step in steroidogenesis, the tr T of oleste@ froficthe o to the inner mitochondrial
membrane where the cytochrome P450 sggle ch leav@ (P4 c)e e initiates the synthesis of all
steroid hormones. In the present stud@v ed i}ht cu@ntly @ pesticide formulations for their
ability to inhibit steroidogenesis, co@entr;@ﬁg on 1 ef] R expression in MA-10 cells. In
addition, we determined the effect@@ com ds o lev@@aand activities of the P450scc enzyme
(which converts cholesterol to@tegne one) thg <. xyster01d dehydrogenase (3 B-HSD)
enzyme (which converts pre%nolo 0 pr ste@ Of pesticides screened, only the pesticide
Roundup inhibited dlbuty@(Bu@ crone production in MA-10 cells without
causing cellular toxicity inhi ted ste@dog@s‘ by disrupting StAR protein expression,
further demonstrating the susc&@ﬁﬁlty tAIg@enwr@ ental pollutants.
N @ ©

* Quoted from article Q\@ @) ©§
M@EIA@ AND METHODS

&
Test item: @nmo, Ambush, Fusilade, Cyclone, Roundup, Banvel,
%Cotoran, Dual, glyphosate. Surfactants not identified or
quantified in formulations.

Active substance(s): ®Ammo: cypermethrin: (R,S)-o-cyano-3-
phenoxybenzyl(1R,S)-cis trans-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylate
* Ambush: permethrin: 3-phenoxybenzyl(1R,8)-c i s ,trans-3-
(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate
» Fusilade: fluazifop-p-butyl: (R)-2-[4-(5-trifluoromethyl-2-
pyridyloxy)phenoxy]propionic acid
* Cyclone: paraquat: 1,1 -dimethyl-4,4"-bipyridinium
* Roundup: glyphosate: N-(phosphonomethyl) glycine
* Banvel: dicamba: 3,6-dichloro-oanisic acid
* Cotoran: fluometuron: 1,1-dimethyl-3-(o,0,0-trifluoro-m-
tolyl) urea

1. Test material:
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* Dual: metolachlor: 2-chloro-6"ethyl-N-(2-methoxy-1-
methylethyl)aceto-toluidine.
Purity: *Ammo (300 g/L cypermethrin)
* Ambush (240 g/L. permethrin)
» Fusilade (120 g/L. fluazifop-p-butyl)
* Cyclone (240 g/L. paraquat)
* Roundup (180 g/L. glyphosate)
* Banvel (480 g/L. dicamba)
* Cotoran (430 g/L. fluometuron)

* Dual (958 g/I. metolachlor)
Source: Glyphosate — Sigma
Other pesticides — unknown source

2. Vehicle and/or positive control: bo
Vehicle control:  Yes (DMSO, etha@ < 042F) ©@ @O ﬂ\?@
.. N
Positive control:  No data 6(& \@ § o\@
3. Test system / cells / animals: Q N <
Cell culture:  Mouse M&10 Lexdig tunfay cel
Species: Mouse%”\, @ @

@ N
Source: M A&goh L@ers Ioolle%of Medicine (Iowa City,
@
Maintenance conditions: %aymo I@92/ 1 @dlum@S% horse serum

emp. re:
@ Atm@here@ﬁ COz(’@’ $Q

Plate cultures§ %S% ce@éwellggé’ 96{@ plate.

@

s i
@ or e—res é)nse (pfag—course, steroidogenic enzyme
% act y re ibiliggy and mixture studies.

Pl}i@ﬂtur@Z 106@3 on@S x 25 cm tissue culture dishes.
@ @ o
@ 6/@@ Fogxl’lg%’clear @9—% analysis.
Plate cultur : @ 1066§113 into 100-mm culture dishes,
- own%ﬁtil 80% confluence.
NS @
> @
Fo@le remaining studies.
4. Test methods:

Study type%lnhibition of steroidogenesis by disrupting steroidogenic acute
regulatory (StAR) protein expression

Guideline: None
GLP: No
Guideline deviations:  Not applicable
Duration of study: 2or4h

Dose/concentration levels:  Ambush, Ammo: 5, 10, 50 pg/mL
Banvel, Cotoran, Dual, Fusilade: 1, 5, 10 pg/mL
Cyclone: 0.5, 1, 5 pg/mL
Roundup: 12.5, 25, 50, 100 pg/mL

Treatment: MA-10 cells were stimulated using a maximal stimulatory dose
of (Bu):cAMP (1 mM). In some tests (P450scc and 3p-HSD
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enzyme activity), steroidogenic substrates (22R-HC, 25 pM or
pregnenolone, 10 uM) were provided.

All treatments were performed in serum-free media.

Final concentrations of the solvents DMSO and ethanol were <
04 %.

5. Observations/analyses:

Dose-response and time-course
studies:
Measurement:  Steroid levels and total protein synthesis.
Calculation: 1Cso values (concentration that leads to an inhibition of 50%)
were calculated as $lope of the linear regression I

obtained from Eady ofst@oplotero@genes@ 0se—
response data. Q&
1 dup~ tec@, each data
SE e me%ls frogyat least three
tr

Analysis:  For steroid det@mln
mw ents pare performed in

point was th¢@vera
separate exggerime
quadru&ql@ate
Forp ester@ pro@ ion lls tr@ed with other
pes% es, a@ dat 1nt1 + SE of four replicates
i Xinglg fz; peru@nt that $ re ed once.

Progesterone production and total

cellular protein synthesis@ Q@ w\’@c’) @ @&Q
Radioimmunoassay (R§ &@’ @ Q

Measure@ént: Q ant1 on 6@‘0&6@0116
Preparation of @ple@ cu&%were@epared in serum-free Waymouth’s
9 &g
@Ana@@? ‘@ysm @RIA @bﬁ was performed using a computer program
ec1flcﬁl>y degf@wied for this purpose (not further specified).

@ @Data@ expi®sed as ng/mL media.
Determination of total cellular pr @1 é} g
syntedis: @ O
Measurement tal grotein content was determined using a modification of
@ the Bgadford method (no treatment with ExpreBSS”S)

Preparation of samples treatment, cells were solubilized in 0.25 M NaOH at
@S’C. Protein was precipitated overnight at 4°C using cold
% 0% trichloroacetic acid (TCA). TCA-precipitable material
was transferred onto glass fiber filters, rinsed with 5% TCA,
dried, and counted in a liquid scintillation counter.

Analysis: Results were reported as counts per minute per mg protein (2
or 4 h).

Each data point is the mean + SE of four replicates in a single
experiment, which was performed three times.

Determination of P450scc and 3p-
HSD activity and reversibility:
Measurement: P430scc enzyme activity: Pregnenolone in medium
3B-HSD enzyme activity: Progesterone in medium
Preparation: Lvaluation of P450scc enzyme activity:
22R-HC was provided as substrate to MA-10 cells in the
presence and absence of the xenobiotic as well as cyanoketone
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and SU 10603 (inhibitors of 33-HSD and P450c17,
respectively).

Evaluation of 3B-HSD enzyme activity:

pregnenolone was provided as substrate, and MA-10 cells were
treated in the presence and absence of the xenobiotic

Analysis: Each data point represents the average + SE of the means from
at least three separate experiments in which treatments were
performed in quadruplicate.

Effects on enzyme and StAR

. Protein levels, mRNA levels, gene transcription
expression:

Isolation of mitochondria and Western
blot analysis:

Measurement:  Protein levels of P4@cc B-HSD, SIAR O°

Preparation: Western blot an of @)choﬁ@lal %@n wﬁg%rformed.
Mitochondria ger 1sol og§tio NDithe cells
followed by ditferenti@cen %atlo ter@tection of
StAR, memExanes w&e stri a@%hen s&@esswely probed
with P45(~§@c or 3f= S]%\? 1serdN\g

& -9
Analysis; 1heB (Z eresw’ére tltate@usmg a Biolmage
Vg@e 20 Q syst alu@obtalned were expressed
sl te opt unlt@%ach data point represents
Qhe av@e of th@eans@m three separate experiments

@in wl@h treﬂﬁ;%énts Wore pe@tmed in triplicate.
Isolation of RNA and Northem && % @ Q

ana \ @
Meas@ ent; @%}RN vels éﬁof P@scc B-HSD, StAR
To N isofted using Trizol Reagent and quantitated.
P@aratl%% 5 A% @ using 1riz g qu

@ orthgy blo@zalysm 20 pg total

A wiload to each well. Labeling of cDNA
@ rohg@Qor magape StAR, P450sce, 3p-HSD,
%\9 K S rRl@A was achieved by random
\@ ng ime-It IT; Stratagene, La Jolla,
Q °N ‘:' ) ustg [a-32 P] ACTP (SA 3,000
S 1/mu@yl; New England Nuclear) according
& to anufacturer’s protocol.
% Northern blot analysis with StAR

NA, blots were stripped and then successively probed with
% 450scc, 3p-HSD, and 18S rRNA cDNA.

Analysis: The bands of interest (RNA) were quantified. Each data point
represents the average + SE of the means from three separate
experiments in which treatments were performed in triplicate.

Gene expression:
Measurement:  StAR, P450scc
Isolation of nuclei:

Preparation:  After treatment, cells were harvested with a rubber policeman
and centrifuged. The cell pellet was resuspended and
homogenized. The homogenate was layered and centrifuged.
The supernatant was discarded and the pellet containing nuclei
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was resuspended, frozen on dry ice, and stored in liquid
nitrogen.

Nuclear run-on analysis:
Measurement:  Radioactivity was detected using a Phosphorimager 445 ST.

Analysis:  Signals were quantitated using ImageQuant version 4.1
software in volume mode, which integrates the intensity of
each pixel within the defined area.

Values were obtained as arbitrary units. Each data point
represents the average + SE of five separate experiments.
Protein kinase A (PKA) activity
determination:
Measurement: PKA activity was megsured with the SignaTECT cA
dependent protein &ie a@ay syst@n. @° @

Analysis: Three separate e@&&rlm@@& w:§ rfom@’ Rl

treatments wel@)erfd in ndyplica @
Mixture studies: @ @ ® 0 &Q
Measurement: Progest @% wa §as o Q Q

Analysis:  Each @a pom@e res A3 the @ rageﬁf@E of the means from
three&sgpara & permm 23 ts 1@ ich @atments were performed

in @plicate <

STy ©© @ @@@
Statistics:@%tati lly s4 'fica@@ffers were determined by one-

alyg'@ f vargqnce isher—protected least-square
N) rencé@pultip OmpgIison using the software program

©
6@ @tatvm@E + hlcs@@o
: &
\ R Q) &
N QKLL H .. LON
N @
1. Reliability of study: K@y @@ Rella@ w1§@estrlctlons Not reliable for Roundup

Com@ test systems, but publication meets basic
Q @entl (@rlnmples However, surfactant blend in Roundup
nfounds results.

2. Relevance of study: @@Q Rel@ant with restrictions: Different etfects of glyphosate
alou® and glyphosate formulations were observed. No
clusion can be drawn that the observed effects are result of
§lwhosate exposure. Roundup data unreliable for endpoints
measured, due to mitochondrial membrane damage.

3. Klimisch code: 2 for glyphosate data, 3 for Roundup data

Response - GTF

Glyphosate did not affect steroidogenesis in the test system.
¢ Roundup formulation data was confounded by mitochondrial membrane damage, attributable to
the surfactant in the tested formulation.
e Roundup results were comprehensively addressed in Levine et al. (2007).
o Roundup formulation containing glyphosate and Roundup formulation blank without the
active ingredient was shown to have “indistinguishable” dose response curves for
reductions in progesterone production in hCG stimulated MA-10 Leydig cells. Therefore
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the effect on progesterone levels shown by Walsh (2000) were independent of glyphosate
and attributable to the surfactant component of the formulation.

o Comparable rates of progesterone inhibition for several different surfactants suggest a
common mode of action for surfactants.

o Roundup formulation containing glyphosate and Roundup formulation blank without the
active ingredient was shown to have almost identical concentration-dependent decreases
i MTT activity in MA-10 cells, suggesting the surfactant alone was responsible for the
observed cytotoxicity and effect on mitochondrial function.

o The JC-1 assay demonstrated the decreased progesterone production in MA-10 Leydig
cells was accompanied by loss of mitochondrial membrane potential. These results
confirm StAR protein function and steroidogenesis require intact mitrchondrial membrane
potential.

o StAR protein expression were not affected by treatments, indicating that perturbed
mitochondrial membrane, not StAR protein inl@ﬁon, was res&msible fg)r the %@cts
noted by Walsh et al. (2000). %Q @° Q @ °§9

O\ @
Given the significant differences in physico-chen@al p@ﬁes -\Q een@;h °©and
formulation surfactants, environmental fate an%@msi)gof tho g%nds agylikely to be
different. Likewise, absorption, distribution, @etabo and@xcre & (ADMP) differences
between glyphosate and formulation surf@ts at Qw cgmati@ exposurcs in the field,

environment or food residues will very lilgly resud9in ingignifica@concémttant physiological
exposures. AN @) é\o ?&9@ )
2 5 9 o @
@’ S @ 9
& K & &
@ o o§)} »r
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Author(s) Year Study title
Paganelli, A. 2010 Glyphosate-Based Herbicides Produce Teratogenic
Gnazzo, V. Effects on Vertebrates by Impairing Retinoic Acid
Signalling
Acosta H. Chemical Research in Toxicology
Lopez, S.L. Volume: 23
Carrasco, A.E. Pages: 1586-1595
Abstract®

The broad spectrum herbicide glyphosate is widely used in agriculture worldwide. There has be n ongoing
controversy regarding the possible adverse effects of glyphosatén the env1r0 ent and,on health.
Reports of neural defects and craniofacial malformations frag regk&?@ whet®)g ]@l eba 8 - erblcldes
(GBH) are used led us to undertake an embryological %voach ex 1 cts, gdlow doses of
glyphosate in development. Xenopus laeVis embry%ve e@cuba 50 \Mutlons of a
commercial GBH. The treated embryos were highly &bnhor ith @ark Q ratl@ in cephalic and
neural crest development and shortening of the antgfdbr-posterior (A@) a Alte ns on neural crest
markers were later correlated with deformities in g@cram artil at ta@pole . Embryos injected
with pure glyphosate showed very similar ph&otyp ore@yer, @gﬂ proaﬁced similar effects in
chicken embryos, showing a gradual loss of thdmboiggre doagti tiog%Bf the optic vesicles, and
microcephaly. This suggests that glyphosafesftself resjionsible @r the@@enotypes observed, rather
than a surfactant or other component of omn@cml fortulat] rter gene assay revealed that
GBH treatment increased endogenous oic 48 (R actlv@ in Xerpus embryos and cotreatment
with a RA antagonist rescued the ogenggyefte t\of the GB @herefore we conclude that the
phenotypes produced by GBH are n@nly bg\@nseq te of@e i ¢ of endogenous retinoid activity.
This is consistent with the decrea hed Q grgal;%g from the embryonic dorsal midline,
with the inhibition of o#x2 expr@ Wi ¢ dlS c@ephalic neural crest development. The
direct effect of glyphosate on sRYyanisms Of ST og 1s in vertebrate embryos opens concerns
about the clinical findings @@I DArOfTs n m’@‘) lati@s exposed to GBH in agricultural fields.

* Quoted from article & @ @ @ @
Q
f'@ ERL&%’S AND METHODS

1. Test material: Q \ KQ
Test ite@ Rm@%p Classic ®; Glyphosate
Active substance(s): hosate
Sourc %undup Classic ®: Monsanto
%Glyphosate Sigma Aldrich
Purity: Roundup Classic ®: 48% (w/v) glyphosate salt
Glyphosate: not reported

2. Positive control: Specified under the respective test
3. Test organisms and systems:

Species:  Xenopus laevis

Embryo culture:  Xenopus laevis embryos obtained by in vitro fertilisation
Source:  Not specified

Culture conditions: Embyos were incubated in 0.1 x modified Barth’s saline
(MBS)

Species:  Chicken
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Strain:
Source:

Stage:

Guideline:
GLP:
Guideline deviations:

Xenopus embryo Culture and
Treatments:

Stage of embryos:

Dose levels:

Treatment:

Rescue experiments:

White Leghorn
Not specified
Egg (fertilized)

Non-guideline tests
No
Not applicable

2 cell

1/3000, 1/4000, and
prepared in 0.1x
Treatments we e 1@ior

0.5 or 1 uM Ry 415was

000-dilution i of Roundup Clgyic®

(magjfied \"u@ ) @

fro the 2- stag@
ed at@e Cé@stage

Culture conditions: Embryos 1nc &?ﬂ S Cy Spamine was used
at 100 p onc atlo n as applied from
the 2-cE8bstageqyn 1 f1>@510 ryo G’@re fixed in MEMFA
whertgrblin ‘@ntrol«s\? e de%ed stage.

Negalive conirol: N@dequ@y de
Positive control: é@ne Q © @ @
Xenopus Embryo Injections, Whole @ Q@ °39\7@8) @§ @
Mount in Situ Hybridization and 3 %\ Ko N
Cartilage Staining: $ 3 N

Exp(@te ro inj
embe®s: 2]l
T ent; @Imbr

@@,@ (pho%hono

Sta

\@

@ent
Culture condltlo@

In situ hybridisation:

Dose @@Hs @) or@ h@
3

Slgr@

Q@

ected with 360 or 500 pg of glyphosate (N-
yl) glycine (Sigma 337757) per cell into one
th cells at the 2-cell stage. Glyphosate was coinjected with
Dng %@exuan Oregon Green (DOG, Molecular Probes) to

e injected side.
Eml@@)s were incubated in 0.1 x MBS. And fixed in MEMFA
sibling controls reached the desired stage.
Zw&%}lolemount in situ hybridisation (WMISH) was performed
Sith digoxigenin-labeled antisense RNA probes, but without

%the proteinase K step. Embryos were fixed in MEMFA at

Detection of RA Activity:
Dose levels:

Exposure route:

Stage of embryos:

Treatment:

Negative control:

stages 45-47, washed with PBS, stained overnight in 0.04
%Alcian Blue, 20% acetic acid, and 80 % ethanol. Afterwards
embryos were washed.

1/3000, 1/4000, and 1/5000 Roundup Classic® dilutions
mnjection
1-2 cell

Embryos were injected with 320 pg of the plasmid
RAREhplacZ (RAREZ) per cell into one cell at the 2-cell stage
and placed immediately in the test substance dilutions

Negative control was not evaluated with vehicle injection.
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Therefore effects of decreased pH or vehicle coformulant
(Dextran Orange Green) were not assessed.

Positive control:  Xenopus embryos were injected with the RAREZ plasmid and
incubated at late blastula stage with 0.5 or 5 uM all-
transretinoic acid (RA, Sigma R2625).

Rescue experiment: Embryos injected with the reporter plasmid were incubated in a
1/4000 test substance dilution from the 2-cell stage, and when
they reached the blastula stage, 1 uM of Ro 41-5253 was
added.

Treatments of Chicken Embryos:
Stage: Egg

Dose levels: 20 pL of 1/3500 or 1/4500 dilutions of Roundup Classic®.
Treatment: 1njection after openigg™a small nd in the shell obertlhzed

chicken eggs, abo eal -'; th (‘?@ner% brane.
After injection tfiWwin s \’) % ent

adhesive tape b & \
Negative control: Injected w1@ 0 u@@ HZO@IthOQ]%[ or &@mlahty
adjustm&&@ \
Positive Control  None %’N& @ Q> @ s

Pre-incubation conditions: Placeq ént: ey werg Blaced galtl th@%lunt end up;

Te@)era% - r@nﬁ?{nper&e, @@@

u%atl@ @ @
Incubation conditions: @ght: Eagkness:
@Tem@amre@ C; @§ Q

@Q atlo% ul @ N
o . @
® 2 s &
Whole-Mount Inmunoflugr cenc% % N
and WMISH of ChickeitEnbry6: Q" @

& reatnt ﬁbryo@»vere &x2d 2-4 hin freshly prepared 4%
Q@ @@ﬁma@lalde e, rinsed and processed for analysis.
> @ Wh@emom@n situ hybridization (WMISH) was performed as
\@ ribegsm Xenopus embryos, using a c-shh probe.
4. Measurements/analyses: Q °\ B
Measurement@ Bas@g)@ﬁmlmscence was detected in uninjected and untreated

en@yos

@e endogenous RA activity was measured in embryos injected
Xwith RAREZ (plasmid RAREhplacZ).

When sibling controls reached the neurula stages, all embryos
were processed for chemiluminiscent quantitation of the
reporter activity by using the p-gal reporter gene assay
(Roche).

Luminiscence was measured on duplicate samples in
FlexStation 3 equipment (Molecular Devices), and values were
normalized by protein content.

Statistics: A two-tailed t-test was employed to analyze the significance in
the ditference of the means.
The experiment was repeated three times.
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KLIMISCH EVALUATION

1. Reliability of study: Not reliable

Comment: Non-guideline study that is not sufficiently described for
assessment. Inadequate positive and negative control

experiments.

2. Relevance of study: Not relevant: Irrelevant routes of exposure and inappropriately
high doses. Test system not adequate for human risk
assessment.

3. Klimisch code: 3

Response 1 — summarized from Williams et al. (2012) .
¢ No pH adjustment for doses and thus effects may be iré)@ponse to the @Mlc n%ture O@phosate
technical acid.
echnical aci (&& @ Q RE og\o\?

¢ Inappropriate and irrelevant routes of exposure.

> & 9
¢ Data requires further substantiation before COHSI@UOI&;@@riSk @ssm N

Q
Response 2 — Saltmiras et al. (2012) letter to the K@or @ © \Q Q
e Multiple high quality toxicological studles@d ex@ rev1®panel§%con31s@nt y agree glyphosate
1s not a teratogen or reproductive toxic @
¢ The authors’ justification for this rese@jh is ed, p@ldln%m all&sm, other than an

opinion, of an increase in the rate of “Birth defpets in& %
0 no@ect real world exposure
N

¢ Direct injection of frog embryos ro chic eIt she
scenarios to either environmenta@peci

¢ Doses were excessively high Hre@nt fo&lsk as sme@xposes. Frog embryos were also
bathed in glyphosate form es 9- @F‘tlm‘gi;ateq\th the acute LLC50 same species of
frog. Calculating equiv: oral doses b n ph as@hetics studies, such doses are
150000000 times greate%h &t casguma éxpos@’nonitoring data.

o “. ... the results froms{}3 rese % c be u@%n is@ation to reach the conclusions expressed in
the publication. Ips@ad, Lh@fpe of@ata in@s rese@h paper must be interpreted relative to all
other available dz&on thgggpecifigynateria und@udy and with balanced consideration for
higher tier apical studl@ D RS @)

@ % @)
Response 3 — Mulet (2012) lettee E@% o

¢ Notes the premise for this 12 ar%% false%?based on an incorrectly cited local pediatric bulletin
from Paraguay. @

e ‘... this article refers to a stu@in a s&le hospital in Paraguay showing a correlation between
pesticide use (not herbicides as me% oned by Paganelli et al.) and birth malformations. In the
cited study (Benitez et al.), the auwf@of's state that the results are preliminary and must be
confirmed. Is important to remark that the Benitez et al. study does not include any mention to
glyphosate, so does not account for what the authors are stating in the Introduction. ....This journal
is also wrongly cited in the Discussion referring to increased malformations due to herbicides,
which is not the result of the study.”

Response 4 — comments from BVYL (2010)

¢ Highly artificial experimental conditions.

e Inappropriate models to replace validated mammalian reproductive and developmental toxicity
testing methods for use in human health risk assessment.

¢ Inappropriate routes of exposure.
Lack of corroborative evidence in humans.
“In spite of long-lasting use of glyphosate-based herbicides worldwide, no evidence of
teratogenicity in humans has been obtained so far.”
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Response 5— comments from European Commission Standing Committee on the Food Chain and
Animal Health (2011)

e The EU commission supports the German Authorities position, “that that there is a comprehensive
and reliable toxicological database for glyphosate and the effects observed have not been revealed
in mammalian studies, nor evidenced epidemiologically in humans.”

e “ ... the Commission does not consider there is currently a solid basis to ban or impose specific
restrictions on the use of glyphosate in the EU.”

Summaries of the follow up published letters to the Editor by Mulet, Palmer follow

Author(s) Year Study title (&\' o ©°
Mulet, IM. | 2011 Letter to the Editor Regarding {2 Ariic®by Pe@unellixl. (z@ﬁ)

Chemical Research in Toxigy @\ @ § O

Volume: 24 @ Q Q\ &\ Q\

Number: 5 AN §@ o Q& &Q

Pages: 609 @ - © o Q

S >
&é} ©® & & ¢
Abstract @ é\’ ?&9@ 2
P > o O 2
No abstract. X Q © @ @)
& & SIS

9
N .
[The author of the letter states that@e stu@sQ of %anell&??al. @310, about teratogenic effect of
glyphosate when injected invertebrat@mbg@, isb on M se% tions or non-peer reviewed data]

1. Test material: @
Test it@@ R@dup Qassic
Active substa@}s): o@yphw@
Descriptim@@\l ot t@orted
Source of test mediuf@ Nabyeported
Lot/Batch #: t reported

Concentration%%o ¢/¢lyphosate IPA salt/L
2. Studies addressed: Paganelli et al. (Chem. Res. Toxicol. (2010), 23, 1586-1595)

In vitro teratology studies: Xenopus embryo culture and treatments with glyphosate

Xenopus embryo treatment with glyphosate and whole-mount
in situ hybridization and cartilage staining

Detection of RA (retinoic acid) activity

Treatment of chicken embryos with glyphosate and whole-
mount immunofluorescence
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KLIMISCH EVALUATION

1. Reliability of study: Not applicable

Comment: In this publication the author expresses some major concern
about the article by Paganelli et al. (Chem. Res. Toxicol.
(2010), 23, 1586-1595) in terms of over interpretation of results

2. Relevance of study: Relevant (no original publication but letter to the editor
regarding the article by Paganelli et al., 2010)
3. Klimisch code: Not applicable

Author(s) Year Study title ¢

Palma, G. 2011 Letter to the Editor Regar}éﬁ%ﬁhe A@ e bi@gane Talg\@m)

Chemical Research in Toxigdlog S
Volume: 24 N y@? @Q 0& &QQ
Number: 6 Y @ © \Q Q

Pages: 775-776 @§ \\% Q @& @
SO E e
A L &S o o
bstract AN Q ©© 6 9
No abstract. @é\o Q@Q o%\’\,@g) @§ $Q©

S
only at unrealistic high concentﬁ%s or, via un@lstic@es o05f§<posure. The data are thought to be

inconsistent with the literature, ther@re n suitablg™or re t for the risk assessment for humans
and wildlife. Furthermore the gathor .Q;a, ts ., findi 0 n@support the extrapolation to human health
as stated in the publication] ©
S @ o O @@
S 9 <O o
N @y <@
MATERTXLS AND METHODS
Q o, @ K@
N

1. Test material: @ @

Testitef@ R up Classic
Active substance(s): %fphosate (isopropylamine salt)
Descriptioﬁ%%ot reported
Source of test medium: Not reported
Lot/Batch #:  Not reported

Concentration: 480 g/glyphosate IPA salt/L.
2. Studies addressed: Paganelli et al.(Chem. Res. Toxicol. (2010), 23, 1586-1595)

In vitro teratology studies: Xenopus embryo culture and treatments with glyphosate

Xenopus embryo treatment with glyphosate and whole-mount
in situ hybridization and cartilage staining

Detection of RA (retinoic acid) Activity

Treatment of chicken embryos with glyphosate and whole-
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1. Reliability of study:

2. Relevance of study:

3. Klimisch code:

mount immunofluorescence

KLIMISCH EVALUATION
Not applicable
Comment: In this publication the article by Paganelli et al. (Chem. Res.

Toxicol. (2010), 23, 1586-1595) is discussed in detail. The
author of the letter claims that the study by Paganelli et al.
contains major deficiencies and errors in terms of experimental
design, descriptions of the methods used, and the interpretation
of results

Relevant (No origil®)ublication but letter to the ed@pr
ding the arti Paggiiellighyal
regarding the ar @Jy ?g\?@ﬁe

Not applicablgix ZZ} \b . § o\©
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Author(s) Year Study title

Richard, S. 2005 Differential effects of glyphosate and roundup on human placental
Moslemi, S. cells and aromatase.

Sipahutar, H. Environmental Health Perspectives

Benachour, N. Volume: 113

Seralini, G.E. Pages: 716-720

Abstract*

Roundup is a glyphosate-based herbicide used worldwide, including on most genetically modified plants
that have been designed to tolerate it. Its residues may thus enter the food chain, and glyphosage is found

as a contaminant in rivers. Some agricultural workers usmg osate have @egnancy, prob @- wis, but its
mechanism of action in mammals is questioned. Here we sl&n§e hos«@ls to hysggn placental
JEG3 cells within 18 hr with concentrations lower than w1th rlcu d this effect
increases with concentration and time or in the presenc up adfvants \'@”. y, Roundup is
always more toxic than its active ingredient. We tes f@cts oig@lyp oundup at lower
nontoxic concentrations on aromatase, the enzyms, @spons for @trog ynt The glyphosate-
based herbicide disrupts aromatase activity and cls interdgts wi the active site of the

purified enzyme, but the effects of glyphosate facﬂ d by@h ﬁup foﬁﬂulatlon n microsomes
or in cell culture. We conclude that endocring and tox@ etfe ;,&bf Reaadup Just glyphosate, can be
observed in mammals. We suggest that® presence o©Ro adgyants enhances glyphosate
bioavailability and/or bioaccumulation. é\o @Q © %

* Quoted from article @

1. Test material: @ @ < © @
i Q

Active substanc&@ G@{hosag

Source of testgem: °@yp d}&g Sigma-Aldrich, Saint Quentin Fallavier, France
Lot/ Batch Q\Iot citied
Punt% nodyeported
Test item: @undup ®
Active substance(s)%Glyphosate

Roundup®, (produced by Monsanto, obtained from a
commercial source)

Lot/ Batch #: Not specified
Purity: Roundup ®: 360 g/L acid

2. Vehicle and/or positive control: Specitied under the respective assays (see below)

Source of test item:

3. Test system / cells / animals:

Cellline: Human choriocarcinoma derived placental cell line (ref JEG3,
ECACC 92120308)

Species: Human
Source: CERDIC (Sophia-Antipolis, France)
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Maintenance medium:

Cells:

Source:

Microsome preparation:

4. Test methods:

MTT assay
@)

@Q
@

@ Gui@e:

@
% O O ©
GLP@No (@@?ﬂ tegi%” «§ K

Phenol red—free EMEM containing 2 mM glutamine, 1%
nonessential amino acids, 100 U/mL antibiotics (mix of
penicillin, streptomycin, and fungizone), 1 mM sodium
pyruvate, and 10% fetal calf serum

Human placental microsomes

Equine testicular microsomes

Human:

Full-term placentas of young healthy and non-smoking women
(Centre Hospitalier Régional de Caen, France) and equine testis
by differential centrifugations.

Equus:

Equine testis o

Microsomal fracti end Lasmat@retic@m) w@bobtained
using differentia@i&entri@ygio AS) RN

D
Tissues were @hed 0.5 Ck@od in 50 mM
phosphate by@r (pl§F4) ¢ ininggﬁ 5 rose and 1
mM DTT cenfuge 0 @ g Tk@s,upernant was
ultracent@ﬁuged 100,089 g, e pelldeowas washed twice,
disoolgad in th€sdme {Qfer c%iniﬁ@)% glyceol and stored
at -7 un@e. A rep@ons s@ps were carried out at

43@&© ©@@

s{@'smef ce@i’abilit@Q

av@f M to, aggile colored product (formazan) by

ell vig
vatidus ti.

@I on- gui@line @@s

C
@%ﬂito hotidrial %ﬂzym@ccinate dehydrogenase, to evaluate
TEGERell visdy

2

lity %posed to Roundup or glyphosate during

Guideline d@tioné@@ Not w,@. ical@
Test substance preparat@: Z@OIuti@ of Roundup and an equivalent solution of

N ho@@ were prepared in Eagle’s modified minimum

NS sen@: medium (EMEM; Abcys, Paris, France), and the pH
@@Q ofﬁslg@) osate solution was adjusted to the pH of the 2%

Rdéshdup solution (~ pH 5.8). Successive dilutions were then
éﬁ)tained with serum-free EMEM.

Dose concentration Sh serum-containing medium (18, 24, 48 h):

Treatment:

Roundup: 0.05,0.1,0.2,04, 0.8, 1.0,2.0 %
Glyphosate: 0.05, 0.1, 0.2, 0.4, 0.8,1.0,2.0 %

In serum-free medium:

Roundup (1 h): 0.02,0.1,0.2,04, 0.6,0.8, 1.0,2.0 %
Glyphosate (1 h): 0.02, 0.1, 0.2, 04, 0.6, 0.8, 1.0, 2.0 %
Glyphosate + Roundup 0.02% (18 h): 0.02, 0.1, 0.2, 0.4, 0.6,
0.8,1.0,2.0 %

Glyphosate + Roundup 0.1% (18 h): 0.02, 0.1, 0.2, 0.4, 0.6,
0.8,1.0,2.0 %

Fifty thousand cells per well in 24-well plates were grown to
80% confluence, washed with serum-free EMEM and exposed
to various concentrations of Roundup or equivalent glyphosate
concentrations
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Incubation conditions: Cells were washed with serum-free EMEM and incubated with
250 uLL MTT per well for 3 h at 37°C.
250 pL of 0.04 N-hydrochloric acid—containing isopropanol
solution was added to each well.

Positive control:  None
Negative control: None
Replicates per dose level: 3 x 3
Radioimmunoassay (RIA): Measurement of aromatase activity in vitro
Guideline:  Non-guideline assays

Guideline deviations:  Not applicable

Dose concentrations: 1 serum free medium:
Roundup (1 h): 0.01802, 0.04, 0.08

0.1,0.

Glyphosate (1 h): §D1, 0,0¢y0.04898, 0,802, 0@0.6,
0.8 % ‘%@@ N S >
N

o 2 \@ Q©
Roundup (18%): 0.0@ .01@?4,00 S
Glyphosa 8 h)&p01, 0Qg, 0 .
- S
Positive control: None =
Negative control:

Incubation conditions:

Replicates per dose leyg}: >
RT@R. Quant ion toglfgyim P450 aromatase mRNA levels in
O @IGHpels &
SYEN

o\@lid@ N(@Quidﬁ:@@ assal®
Guide@eviat hs: Mot app@@ble
Dose concons@ sergy free edium:
Q> Roufdup (1¢y70.01, 0.02,0.04,0.08,0.1,0.2 %
\@ G@‘hosat&(l h): 0.01, 0.02, 0.04, 0.08, 0.1, 0.2, 0.4, 0.6,
Q o@ % K@

NS
@@@ Rop (18 h): 0.01, 0.02, 0.04, 0.08 %
Glyhosate (18 h): 0.01, 0.02, 0.04, 0.08, 0.1, 0.2, 0.4, 0.6 %

Positive control: ne
Negative control%None
Incubation conditions: Duration: 90 min
Temperature: 37 C
Atmosphere: 5% CO,
200 nM androstenedione
Sample preparation:  Total RNA was isolated from JEG3 cells using the

guanidium/phenol/chloroform method.
RNA samples were treated with DNase I at 37 C for 30 min to
remove genomic DNA. Then DNase I was inactivated at 65°C
for 10 min.

Tritiated water release assay: Assessment of aromatase activity in human placental
microsomes in vitro

Guideline:  Non-guideline assays
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Guideline deviations:  Not applicable

Dose concentrations: Roundup: 0.01,0.06,0.1,0.5,0.7,1.0,3.0,6.0 %
Glyphosate: 0.01, 0.06, 0.1,0.7, 1.0, 3.0 %

Positive control:  None
Negative control: None

Treatment of human microsomal 50 pg of human placental microsomes were incubated with
fractions: radiolabeled androstenedione (100 pmol/tube) at 37°C for 15

min in the presence or absence of various concentrations of
Roundup or glyphosate in 1 mL total volume of 50 mM Tris-
maleate buffer (pH 7.4).The reaction was started by adding 100
pL of 0.6 mM H+NADPH and stopped with 1.5 mL
chloroform and then ¢entrifuged at 2,700 g at 4°C fog 5 min.
After adding 0.5 ) charcoal/ 15% dextran T@lution

into the preparatjq ethe g@rlfug@)n wag@peaet o 10
min.

((’@ o,
Treatment of equine microsomal 2 pg of equi@stlc mlcr@mes@ge in‘@}ated for 3 min
fractions: at 25°C WI@arlo nc@tio%@f radi&@)eled
cedL bsen@of various

androste :\ Hone (i
concenttions 0 in O@\ vmL 9 -NADPH
contaiffihg Temalea@bufign{pH 7@49)\

Spectral studies: @@ssmen&é?f red@se Kérom@se activities

Guideline: 1ne a@ys @ @Q))
Guideline deviations: @ ot cab @ @
1%
Dose concentratl hcl)lp %0 0 \Q
Positive @trol &None °\@?
Negatl@ contr@% Noﬁg@ % @&Q
Purification of reductase@om@e ne re@ ase@as obtained after chromatographic

& @ @eparation, by grminohexyl-Sepharose 4B and adenosine 27,
N RN d&@)spha@agarose, respectively, hydrophobic interaction
* @ and«\a,fflnltigélumns

@
Q\ @ e ggyochrom P450 aromatase was purified from equine
crosg%es after its separation from reductase, by successive
N chr(&ographic steps.
5. Observations/analyses: % )
MTT assay @
Measurements%The optical density was measured using a spectrophotometer at
560 nm for test and 640 nm for reference.
Radioimmuno assay (RIA)
Measurements: 1he conversion of androstenedione to E1 by the aromatase

complex was measured in cell supernatants by
radioimmunoassay (RIA).

The aromatase activity was expressed in relation to the protein
concentration that was evaluated in cell extracts using bovine
serum albumin as standard

RT-PCR

Measurements: Quantitation of mRNA by RT-PCR using M-MLV-RT
(Moloney murine leukemia viruse reverse transcriptase).

The absence of DNA contamination in RNA samples was
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checked in controls without M-MLV-RT.
All PCR reactions were performed using an ABI Prism 7000
Sequence Detection System.

Tritiated water release assay

Measurements: Microsomal aromatase activity was evaluated by tritiated water

release from radiolabeled substrate [1B-3H]-androstenedione.
This method based on the stereo specific release of 13-
hydrogen from the androstenedione substrate, which froms
tritiated water during aromatisation.

Aromatase activity was determined by measuring the
radioactivity of the 0.5 mL aqueous phase.
Spectral studies:

<o
Measurements: Reductase activity § rmined I the asure of the
increasing absor ég €0 prep@tlon es ing to the

reduction of thg cytoc P nee «@H-NADPH
at 550 nm fo C u@ag a K@a 0n© on 860
Y eter

The absqelfdhce %{ d@quln omat in the presence or

absenc gl ate oungdhyp was @yorded trom 375 to
475 ug 1th Qspectg@oto

& & S
Khe spe@ of al@natas@lth gk@%osate or Roundup alone

ere s@ ac rom §Sincup@ion spectrum.

Statistics for all tes All g a ar. l%esen d as th an + SE. The experiments were

@ ated et te unless otherwise indicated.
©© Statlst@y erences were determined by a
@ @%tud test u ing 31 \i’flcance levels of 0.01 and 0.05.
& @%
<
A KL@%CH@VA@ION
1. Reliability of study: K@v No@nab]@

Con@%ﬁ @ﬁy n 1s insufficient for risk assessment of real exposure
ncentr tions. Methodological deficiencies (no controls were
< 1ncl ). Exceedingly high doses above the limit dose for this
type. Inappropriate test system for formulations

ntaining surfactant; cytoxic membrane disruption potential of
factants are well known for in vitro test systems. EPA Test
%Guldehne OCSPP 890.1200 specifically notes that microsomes

are denatured by detergents (i.e. surfactants) and that all

glassware should be thoroughly rinsed.

2. Relevance of study: Not relevant: Excessive doses exceed typical in vitro limit
doses. In vitro test system is inappropriate with surfactants.
3. Klimisch code: 3

Response 1 — summarized from Williams et al. (2012)

¢ (Glyphosate at non-cytotoxic concentrations in this test system was demonstrated to have no
effects on aromatase activity.

¢ Likewise, did not affect mRNA levels after 18 hours treatment at < (.1% glyphosate.

¢ Roundup aromatase activity measurements are confounded by surfactant effects on microsomes.
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e The in vitro test system is non-validated
¢ Physiologically irrelevant concentrations tested
¢ Testing surfactant-like substances in such systems is now recognized to be not valid.

Response 2 — summarized from the French Ministry of Agriculture and Fish, Committee for Study
of Toxicity (2005)
¢ Major methodological gaps.
¢ JEG3 cells, a choriocarcinoma human cell line (average of 70 chromosomes vs 46 in normal
human cells).
¢ (Concentrations of Roundup used in the various experiments considered to be extremely high.
o In consideration of limiting factors (oral absorption, 30%; skin absorption, 0.3%; rapid
elimination kinetics), such levels would involve considerable human exposure, or several
dozen liters of Roundup diluted at 2%. R
o concentrations of Roundup that trigger an effecdn aromatase @5 % - 2%) are gleast
1000 times more effective than those of kn% aro@se inigibitors h le

derivatives Q@\ @ S o\@

¢ Study design does not make it possible to show nﬂu@@:e of @adju@%, n(%@ynergism of

adjuvants and glyphosate. S Q ¢
e Multiple non-specitic effects of surfactant a@@[s og%oa%g%ge ollulm@rgets not

discussed. NN

- P & Ao
¢ No comparison with comparable surfactat agen@mten@ «\N sehold use.
X

multiple instances of bias in its argumests an(&@ inte tati@ the @yfa.
e The authors over-interpret their resgltSin ca ofpotential heal %nsequences for humans
(unsuitable references, non-sustai In VEIS-IN VAVO eXIT, atio c.).

§@@o\?\,@;$

@ N
g o & ®.e
o @ RS
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Author(s) Year | Study title

Benachour, N. 2007 Time- and dose-dependent effects of roundup on human embryonic
Sipahutar, H. and placental cells.

Moslemi, S. Archives of Environmental Contamination and Toxicology

Gasnier, C. Volume: 53

Travert, C. Pages: 126-133

Seralini, G. E.

Abstract*

been designed to tolerate it. We have tested the toxicity andgndocring disryggion p%@ntlal oundup
(Bioforce®) on human embryonic 293 and placental-deg$¢ cell@u al human
placenta and equine testis. The cell lines have proven sul 1ma§ activity and
toxicity of pollutants. The median lethal dose (L.Ds) 025@ ryongg ls .3% within 1 h
in serum-free medium, and it decreases to reach O. (co in @10n fher C ounds 1.27 mM
glyphosate) after 72 h in the presence of serum. In \- Ae ¢ n e em%%omc %s appear to be 2-4
times more sensitive than the placental ones. In alghstan herally (ﬁ@ed in agriculture at 1-
2%, 1.e., with 21-42 mM glyphosate) is more e@e t @n 1ts@ve igatedient, glyphosate, suggesting a

synergistic effect provoked by the adjuvan prese; @:ndup de@ nstrated that serum-free
cultures, even on a short-term basis (1 h), réveal th@(eno @2@@& thé@are visible 1-2 days later in

Roundup® is the major herbicide used worldwide, in partia@n genetically modified plantg that have

serum. We also document at lower non-ogsttly L dos 1% 210 puM glyphosate) in 24
h, that Roundup is an aromatase dlsrupt(@ he ct mk@tlon mp re-dependent and is confirmed
in different tissues and species (cell li fro@' ace a or elﬁh;yonl ney, equine testicular, or human
fresh placental extracts). Further , gl@ ate @ts di aYpartial inactivator on microsomal
aromatase, independently of its ty, agd in asdpse- -deg e @ranner. The cytotoxic, and potentially
endocrine-disrupting effects of l%und e th@ ampl%n witlfme. Taken together, these data suggest
that Roundup exposure may, @ect h repeducti d fgal development in case of contamination.
Chemical mixtures in for ons@)ear t undés m@l regarding their toxic or hormonal impact.
K <

‘ @ @
* Quoted from article Q
N S S
TEg)\LS AND METHODS
Cytotoxicity assay @ @

1. Test material: %
Test item'%@oundup Bioforce® and glyphosate

Active substance(s): > Glyphosate

Glyphosate: Sigma-Aldrich (Saint Quentin Fallavier, France)

Source: Roundup Bioforce®: Monsanto,(Antwerp, Belgium)

Glyphosate: not reported
Purity: Roundup Bioforce® : 360 g/L. acid glyphosate (equivalent to
480 g/L of isopropylamine salt of glyphosate

Lot/Batch #: not reported
Homologation: Roundup Bioforce® 9800036

Eagle’s modified minimum essential medium (EMEM; Abcys,

2. Vehicle: Paris, France)
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3. Test system / cells:
Cell cultures: Human embryonic kidney (HEK) 293 cell line (ECACC
85120602)
choriocarcinoma-derived placental JEG3 cell line (ECACC
92120308)
Species: Human

Source: CERDIC (Sophia-Antipolis, France)
Cell line maintenance: Phenol red-free EMEM containing 2 mM glutamine,
1% non-essential amino acid, 100 U/mL of antibiotics (mix of
penicillin, streptomycin, and fungizone), and 10% fetal calf
serum (Biowhittaker, Gagny, France). The JEG3 cell line was

supplemented with 1 sodium pyruvate. .
Culture conditions: Temperature: 377 @ @b

Atmosphere: % COQ %Q @@ °%\§’
48 h D ©@ N -O §
4. Test method: Q@ @ o o &Q
MTT assay Assessof c%%ab' 't}g \Q Q
Guideline: None @%eliga}s ay & @} -9

GLP: NO@& @ é@ L 9
Guideline deviations: @app iGble ©© @

@)
Plate culture: 4-we tes ggyashed@ith s@n-ftee EMEM

Y
Test conditim@ A 2@%01 jor of P%mdup an equivalent solution of

N) @hosaere ared TREMEM and the pH was adjusted
©© to aboyfR. F hegagtock solutions successive solutions
@ @%\/ere epare serugyfree EMEM or serum-containing
. \@@ E say @} conducted in 24-well plates.
2

.T
Q @ 9@&3 0@G3 cells were grown to 80 % confluence,
& @) ashed with s -free EMEM and then exposed to various
N &) con&&@aﬁor@gf Roundup Bioforce ® or the equivalent
o @@ comgentration® of glyphosate, in serum-free or serum-
NN ainips EMEM for 1, 24, 48 or 72 h. Afterwards cells were
Q °\§ashe&'§dth serum-free EMEM and incubated with 250 pL.
SMT @pr 3 h at 37°C. per well. Then 250 uL. of 0.04 N-
@) hy%} hloric acid containing isopropanol were added to each
ell, the plates were shaken. Measurements were done at 560
for test substance wells and at 720 nm for reference wells.

Dose levels%0.0I, 0.05, 0.1, 0.5, 0.8, 1, 2% of Roundup or equivalent
concentrations of glyphosate in serum-free EMEM or serum-
containing EMEM

Cells per well: 50000
Exposure duration: 1,24, 48, and 72 h
Replicates per dose level: 9
5. Observations/analyses:
Measurements:  Cell viability

Statistics:  All data were reported as mean + standard error. Statistical
differences were determined by Student t-test using significant
levels of p < 0.01 or p < 0.05.
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Aromatase activity inhibition

1. Test material:

Test item:

Active substance(s):
Source:
Purity:

Lot/Batch #:

Homologation:

2. Vehicle and/or positive control:
3. Test system / cells:

Cell culture:

Species:

Source:

Tissue for microsome preparation #1:

Species:

Source:

Tissue for microsome preparatlon #@

=

Roundup Bioforce® and glyphosate

Glyphosate

Glyphosate: Sigma-Aldrich (Saint Quentin Fallavier, France)
Roundup Bioforce®: Monsanto,(Anvers, Belgium)

Glyphosate: not reported
Roundup Bioforce® : 360 g/L. acid glyphosate (equivalent to
480 g/L of isopropylamine salt of glyphosate

not reported
Roundup Bioforce®3 S800036

Specified under %@espe& s@@ (se%@;w}?\&@
S
HEK 293 c ne gﬁm@zo P o
Human N © Q&
CERD§5(Sop®An%§nS, F@ce) &
full-t&m pl&tas @, ung@alth@@d non-smoking women
ﬁ%an Q Q © &)
O O
en (France)

@en&e@splt er Régipnal d
o

testiss
J@%e QZ}?’
§§ed &

@

Wot re
Microsome P@matloﬂ% Hu@ plac {al and(uine testicular microsomes: Tissue
préParati by difterential centritugations. All steps
@ ’ wte cordicted °C. Tissues were washed with 0.5 M KC1
@ @omogenized 50 mM phosphate buffer (pH 7.4) containing

S

@902

and 1 mM Dithiothreiol DTT, and centrifuged
OOO&

O 2
Q ‘%e sup@atant was then ultracentrifuged at 100,000¢, and the
@f

4. Test methods:

Guideline:
GLP:
Guideline deviations:

Test conditions:

let was washed twice, dissolved in the same buffer
co t@nn 20% glycerol, and stored at -70 C.
5 g gly!

Study type: @asmement of aromatase activity by tritiated water release

assay

Measurement of reductase alctivity in purified reductasee
Moieties from equine testicular microsomes

Non-guideline assays
No
Not applicable

Tritiated water release assay: 293 cells were transfected with
human aromatase cDNA and exposed to nontoxic
concentrations of glyphosate alone or Roundup.

Human placental microsomes were incubated with various
concentrations of glyphosate alone or Roundup.

Reductase activity: Equine testis microsomes or the purified
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Exposure duration:

Replicates per dose level:
5. Observations/analyses:

Measuremen@ Aroase a&’res aro %ase activity was determined

1. Reliability of study:

Dose levels:

é@@

StaQ\tfcs

9
@@’

reductase moieties were incubated with or without Roundup
Aromatase inhibition:

Equine testicular microsomes were pre-incubated with a
saturating concentration (i.e. 11.6%) or without Roundup.

For aromatase activity:

Glyphosate: < 0.2%
Roundup Bioforce®: 1% of product

Test substance solutions were prepared in EMEM (for 293
cells) and in 50 mM Tris-maleate buffer, pH 7.4 or without pH
adjustment (microsomes)

In addition for aromatase and reductase activity:
Roundup at ICs, (=) bo

Tritiated water rele@e aSS@ @ @" @
N XN

203 cells: 24 h_ & o> N NS
human placec@’nes § Irnn&\@ @
Reductase a&mty &Q
Equine tular mlcro Ir%’s 15§ Q

> i
Arom@e inhi@tton @-ma@ 1on)°

Equi& testi@r m@som@O mifH
3@,\@ & @© S '
X @ ©

o ted r rel assay Radioactivity of released
ate ter v@sse 25 by liquid scintillation counting.

]@ase ac w y w etermlned by the measurement of the
IcRISIng of the preparation, corresponding to the

@

§> @%tlon Chrome C in the presence of H'-NADPH
& nffor §at 20 C using a Kontron-Uvikon 860

pecy@photo

é) dat; @re reported as mean =+ standard error. Statistical
ifferences were determined by Student t-test using significant

Slev f 0.01 or 0.05.
& P

]@SCH EVALUATION

Comment:

Not reliable

Study report has several reporting deficiencies in the methods
section (e.g. test conditions for the pH- and temperature
dependent assay not reported). There is no information on the
suitability of the used HEK 293 cell line for assessment of
hormonal activity. Exceedingly high doses above the limit dose
for this study type. Inappropriate test system for formulations
containing surfactant; cytoxic membrane disruption potential of
surfactants are well known for in vitro test systems. EPA Test
Guideline OCSPP 890.1200 specifically notes that microsomes
are denatured by detergents (i.e. surfactants) and that all
glassware should be thoroughly rinsed.
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2. Relevance of study: Not relevant: Excessive doses exceed typical in vitro limit
doses. In vitro test system is inappropriate with surfactants.

3. Klimisch code: 3

Response 1 - GTF

Glyphosate at and above relevant concentrations for this test system was demonstrated to have no
effects on aromatase activity.
Roundup aromatase activity measurements are confounded by surfactant effects on microsomes.
Comparable research to Richard et al (2005), but with an additional cell line, HEK 293, derived
from aborted human embryo kidneys, transformed by inserting adenovirus DNA.
Excessively high doses tested, not environmentally rele&]t for human health or
risk assessment. &)
Aromatase production within the steroidogenesis p&t&vay 5 erfo e@o in %on would
be detected in the steroidogenesis assay. The OE ‘ybor vail@lon e

n

env1r01®ental

<o

steroidogenesis assay evaluated glyphosate, de stra 0 uﬁ. ct on e sterQidogenesis
pathway (Hecker et al., 2010). @ @ \Q Q&
Response 2 — summarized from Williams et al@u) @ @ @ o\@@

N @ &
pH of test system not adjusted to phy@oglc app@ te @éls @

Negative controls were not pH adjusted tcﬁopn@ ev

Confounding surfactant effects dussto cel
formulated products in this tes tem (811
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Author(s) Year Study title
Benachour, N. 2009 Glyphosate formulations induce apoptosis and necrosis in
Seralini, G. E. human umbilical, embryonic, and placental cells.

Chemical Research in toxicology

Volume: 22

Pages: 97-105

Abstract®

We have evaluated the toxicity of four glyphosate (G)- based@blcldes n R@fundup formul s, from
10(5) times dilutions, on three different human cell types. s dy% fon 1@ el@ bgrlcultural
recommendations and corresponds to low levels of resid, é&ln fodor fe uL@s have been
compared to G alone and with its main metabolite AMPr wi %ne k@w t formulations,
POEA. HUVEC primary neonate umbilical cord vei ha® eengpste mbryonic kidney
and JEG3 placental cell lines. All R formulations ca@ﬁ total 11 dea@ withg# 24 h@ugh an inhibition
of the mitochondrial succinate dehydrogenase @ bygeleas cytosolic adenylate
kinase measuring membrane damage. They als tosigyia acti@tion ofenzymatic caspases 3/7
activity. This is confirmed by characterlstl NA @gme learlnkage (pyknosis), and
nuclear fragmentation (karyorrhexis), whl&g 1s dgigonstr: @API @ apoptotic round cells. G
provokes only apoptosis, and HUVEC arg®W0 ti more@énsm%overe(@at this level. The deleterious
effects are not proportional to G conce 10ns depen ﬂ&@amre of the adjuvants. AMPA
and POEA separately and synerglstlc@' da cell ﬁaem gs likeR but at different concentrations.
Their mixtures are generally even m@ lusthe R adjuvants like POEA change
human cell permeability and amplidy toxigity in &y through apoptosis and necrosis. The

real threshold of G toxicity mu: e 11@ acc ; enc adjuvants but also G metabolism and
time-amplified effects or bio umul be ussed when analyzing the in vivo toxic
actions of R. This work y Juv in Roundup formulations are not inert.
Moreover, the proprietagniixtures aval e on @e magkpt could cause cell damage and even death
around residual levels to be egadeted, . & ecml@ n f and feed derived from R formulation-treated
crops. R Qr
. ' N o

Quoted from article Q K

M@%RI S AND METHODS

1. Test material: %

Test ltem%Glyphosate Roundup Express®, Bioforce® or Extra 360,
Grands Travaux®, Grands Travaux plus®; AMPA

Active substance(s): Glyphosate

Glyphosate: Sigma-Aldrich, France

Roundup Express®, Bioforce® or Extra 360, Grands
Travaux®, Grands Travaux plus® (produced by Monsanto, all
available on the market)

Lot/Batch #:  Not specified

Purity:  Glyphosate: not reported
Roundup Express®: 7.2 g/L. (R7.2)
Bioforce® or Extra 360: 360 g/L. (R360)
Grands Travaux®: 400 g/L. (R400)
Grands Travaux plus®: 450 g/1. (R450)

Source of test items:
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Homologation: Roundup Express®: 2010321
Bioforce® or Extra 360: 9800036
Grands Travaux®: 8800425
Grands Travaux plus®: 2020448

Test item: AMPA (aminomethylphosphonic acid)
Source: Sigma-Aldrich (Saint Quentin Fallavier, France)
Lot/ Batch #: Not reported
Purity: Not reported
Testitem: Polyethoxylated tallowamine (POEA)
Source: Pr. R. Bellé (UMR 7150 CNRS/UPMC, Station Biologique de
Roscoft, France)
Lot/ Batch #:  Not reported

° %
Purity: Not reported ‘i& @ © @’ N

ehicle and/or positive control: Specified und@@he r@clways @ be@
st system / cells: S @Q@ Q Q” &©

" ©
Primary cell culture: HUVEC@h@uma%rimagge]ls fthe m%@cal vein cord

endothsival cell§y @ R
Source: LonzégﬂJ @ @ @ &

. <
Culture conditions: Sﬁl%iﬁc @othzé?ggm (@T‘Edil@ GM-2 SingleQuots (CC-
g %dr isone, GA-1000

i x@lphs@in—% S (fetal bovine serum),

hF&F\B RAJGF-1 Qdcorbic acid, and heparin.
© ‘ qﬁow ﬁ«%—%@ lates over a period of 24 h at 37

Q LC(5 9 1r}>@ confluence of 80%. Afterwards they
6 gwere@ashed ith se@l-free EGM-2.
L@

Hlé%{n eom @dncy 293 cell line (ECACC 85120602)

% [ﬁnan @poriocadinoma-derived placental JEG3 cell line
@ Qecagr921808)

Kﬁbour &y CE@[C{S@]H&—ADUPO“S France)

Culture cond'Q%ﬂs: nol r@&frcc Eagle’s modified minimum essential medium
\© I\%I%Abt.ys Paris, France) containing 2 mM glutamine,
%] @essential amino acid, 100 U/mL antibiotics (a mix of
lin, streptomycin, and fungizone; Lonza), 10 mg/mL of
uid kanamycin (Dominique Dutscher, Brumath, France), and
@% FBS (PAA. les Mureaux, France). The JEG3 cell line was
supplemented with | mM sodium pyruvate.

50000 cells were grown at 37°C (5% CO3, 95% air) over a 48 h
period to 80% confluence and were washed with serum-free
EMEM.

2.V
3. Te

4. Test methods:
MTT assay: Assessment of cell viability

ToxiLight® assay: Bioluminescent assay for quantitative measurement of cell
membrane damage

Caspase-Glo® 3/7 assay  Assessment of caspase activity or apoptosis induction
Microscopy:  Assessment of cell viability due to cell morphology
Guideline: Non-guideline assays
GLP: No
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Guideline deviations:

Cell treatments for all tests:

Dose levels:

Test conditio

Not applicable

Cells were exposed to various dilutions of the four Roundup
formulations, glyphosate, AMPA and POEA in serum-free
medium for 24 hours.

In another case, cells were incubated with glyphosate, AMPA,
and POEA mixtures by pairs at the final nontoxic dilution on
SD (succinate dehydrogenase) of 0.5% on the human cell lines
(293 or JEG3) and 0.05% on the human primary cells
(HUVEC) in comparison to Roundup Bioforce or Extra 360.
Roundup formulations, glyphosate, AMPA and POEA: 14
concentrations ranging from 10 ppmto 2 %
Additional AMPA concentrations: 4, 6, 8 and 10%
POEA concentratio@ and 5 ppm

Combined expo%@ of C&’;MPA@nd P@E@; mig Y es

For the two ce 1nes tk@ﬁrs ture th blnatlon of
9Yith PQYFA (0 e second was
the combinadon 0@0 ‘)’ w1th PA (0.1%), and
Aol (O.g‘l% % POH@(O 0001 %).

Comb@ ex es of{, Al\@ﬁs and@)EA mixtures:

For ffe pri , he fifg mixture was glyphosate
(@@99 @wnh '@) 9%3%@he second was glyphosate
Q,04% AMPA (0 % aé)%le third was AMPA
.04969 0) @@ POE 00
MTa Assa ter 24 h the supernants were
vered@ the%le @massay, and adherent cells were

washe h s@ﬁg dium and incubated with 200 pL
he p]@s were incubated for 3 h at 37°C.

@

@MTT per we
Aft@@ards uLSR0.04 N-hydrochloric acid containing

opa ereadded, the plates were shaked. Optical
@?i‘e sity s megsdred at 570 nm.

oxil ¥oht as@y’ After 24 h exposure the 50 pL of the above

9
@ mengoned supernants were added to a 96-well plate and

ba{g@n er agitation with 50 pL. AK detection reagent
KDRxor 15 minutes protected from light. The

@Qumﬂ@cence was measured using a luminometer at 565 nm.

Serygi-free medium served as negative control. Serum-free
edium served as negative control. The positive control was
@ active reagent AKDR mixed with cells treated in serum-

%free medium.

Cagspase-Glo® 3/7 assay: This assay was used for caspase
activity or measurement of apoptosis induction. After treatment
of 50 pL cell cultures to various dilutions of test items as
described above, 50 pl/well of Caspase-Glo® 3/7 reagent was
added and plates were incubated for 15 minutes at room
temperature protected from light before luminescence was
measured. Serum-free medium served as negative control. The
positive control consisted of the active reagent mixed with cells
treated in serum-free medium. The luminescence was measured
using a luminometer at 565 nm.

Cell Microscopy: At the end of the 24 h treatments, the serum-
free medium was removed, and cells were fixed in absolute
ethanol —chloroform — acetic acid (6:3:1, v/v/v) for 1 day at -
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20°C. Each well was washed with PBS (pH 7.4) and incubated
with 1 pg/mL DAPI solution. Staining of DNA with DAPI was
examined using a fluorescence microscope.

Replicates per dose level: 3

5. Observations/analyses:

Measurements:  Cell viability, membrane damage, apoptosis induction, cell
morphology

Statistics:  All data were reported as mean + standard error. Statistical
differences were determined by Student t-test using significant

levels of 0.01.
KLIMISCH EVALUA KON @ oo O
O @ o &2 0
I . NS D
1. Reliability of study: Not Reliable @\ \b S o\©
Comment: Exceedingly @% do@abov@ihe lise T this study
t

type. Inap@priat S sy@n foformulagdns containing
surfactaty yto&%em%ane disogtion IQential of

surfac are @il knd@mn for@witroo@ systems. EPA Test
Gui e OCQPP SQ@ZOOQeCiﬂC%y notes that microsomes

age@naty detcrgents{ire. su@ctants) and that all
‘@A) ..
@swarc@houl thO@lg ly ed. No positive controls
ere ipclided Q>

9
2. Relevance of study: @@ Not evaﬁ@xcess@% do@%ceed typical in vitro limit
)

3. Klimisch code:

Response — summarized

. In 0 te@stem@mappropriate with surfactants)
O 3 O
o £ T P&
o @ @ 4 Q)
o S AN g
e the@@’nch ncy@g%Foafety (AFSSA, 2009)
A ©) N
Cell lines used pﬁhar&isti&@vhic@ be at the source of a significant bias in the
interpretation of thdwesul €y @)
Experiments were con d with?4 hofss exposure in a medium without serum, which
could lead to disturb of ysiical state of the cells.
The glyphosate used in the y is @yphosate acid, whereas in the preparations tested it is in

the form of an isopropylamgie sa§%0 precise information is given about the pH of test

concentrations except the highegt dose.
No mention of any positive € ce for the apoptosis test.
Cytoxicity and induction o ptosis may due to pH and/or variations in osmotic pressure on

cell survival at the high doses tested.

Surfactant (tensoactive) effects and increased osmolality are known to increase membrane
permeability, causing cytotoxicity and induction of apoptosis.

Conclusions are based on unvalidated, non-representative cell models (in particular tumour or
transformed cell lines) directly exposed to extremely high product concentrations in culture
conditions which do not observe normal cell physiological conditions.

No new information is presented on mechanism of action of glyphosate and preparations
containing glyphosate.

The authors over-interpret their results with regard to potential health consequences for
humans, based in particular on an unsupported in vitro—in vivo extrapolation

The cytotoxic effects of glyphosate, its metabolite AMPA, the tensioactive POAE and other
glyphosate-based preparations proposed by Benachour and Seralini do not add any pertinent



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 765 of 1027

new facts which call into question the conclusions of the European assessment of glyphosate
or those of the national assessment of the preparations.

S .
@)@"@@°
T &S
O & O
¢ @ & 5O
» & Qg
@ Q\Q
S A &
S oS s e
& & @
v & $ @
O &S o @
S ) 9
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Author(s) Year Study title
Gasnier, C., Dumont, C., 2009 Glyphosate-based herbicides are toxic and endocrine
Benachour, N., Clair, E., disruptors in human cell lines.
Chagnon, M. C., Seralini, Toxicology
G.E Volume: 262

Number: 3

Pages: 184-191

Abstract®

Glyphosate-based herbicides are the most widely used across_the world; they are commer%lhzed n
different formulations. Their residues are frequent pollutanQ>n the env1 ment, Ln additdn, these
herbicides are spread on most eaten transgenic plants, mod% to ¢ evek\’ thesgy “ompounds

somg exp § hupay yliver HepG2
eren

in their cells. Up to 400 ppm of their residues are accepte

cells, a well-known model to study xenobiotic toxlcltyéfo to glyphosate,
which is usually tested alone in chronic in vivo regul&ioty zén@ks W.me XlClty with three
assays (Alamar Blue, MTT, ToxiLight), plus geno&@city (comet as@y) @Z@ ic (on ERo, ERP)
and anti-androgenic effects (on AR) using genesdeportertgsts. also&checkegd androgen to estrogen

all formulations within 24h. These effects werg miore d@pendegSn th n than on the glyphosate
concentration. First, we observed a humaiineell eggdcringQisruptiv#i fromy 0.5 ppm on the androgen
receptor in MDA-MB453-kb2 cells f‘(§$e mo@ active@orn} '01@00), then from 2 ppm the
transcriptional activities on both es pofg avere @@So mwited on HepG2. Aromatase
transcription and activity were dlsm§ fro PP \Cytoﬁ%ﬂc effen® started at 10 ppm with Alamar
Blue assay (the most sensitive), an N@&&amag@at 5 . r cell impact of glyphosate-based
herbicides residues in food, feed @% theenviro th S Lo@e considered, and their classifications

as carcmogens/mutagens/reprot@cs is %@usse@

* Quoted from article -9 @ @
Quoted fi ticl &@\ S @@)Q @

conversion by aromatase activity and mRNA. All@ara S Wel@ Eﬁﬁ at su%agrlcultural doses with

Cytotoxicity assays

1. Test material: § @

G]@osate, Roundup Express®, Bioforce® or Extra 360,

Test item. ands Travaux®, Grands Travaux plus®
Active substance(s)'%@ yphosate

Glyphosate: Sigma-Aldrich, France
Source of test items:  Roundup Express®, Bioforce® or Extra 360, Grands
Travaux®, Grands Travaux plus® (available on the market)

Lot/Batch #: Not specified

Purity: Glyphosate: not reported
Roundup Express®: 7.2 g/L. (R7.2)
Bioforce® or Extra 360: 360 g/L. (R360)
Grands Travaux®: 400 g/L. (R400)
Grands Travaux plus®: 450 g/1. (R450)

2. Vehicle and/or positive control: Specitied under the respective assays (see below)
3. Test system / cells:
Cell cultures:  Hepatoma cell line Hep(2, breast cancer cell line MDA-
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MB453-kb2

Species: Human
Source: HepG2: ECACC, Salisbury, UK
MDA-MB453-kb2: ATCC, Molsheim, France

Culture conditions HepG2:  Phenol red-free EMEM containing 2 mM L-glutamin, 1% non-
essential amino acid, 100 U/mL antibiotics (mix of penicillin,
streptomycin, fungizone), 10 mg/mL liquid kanamycin, 10%
fetal bovine serum
Culture conditions MDA-MB453-kb2:  Leibovitz-15 (L.15) medium supplemented with 10% foetal calf
serum. Cells were incubated at 37°C and the medium was
removed every 48 h.

4. Test methods: bo
MTT assay: Assessment of ce&@ablht@)f HQ@ ce]‘k@ ?’\9
ToxiLight® assay: Blolurmnesce%g%say f@neas@ment@ell oH@nbrane
@

damage of Hep€r2-celd &
Alamar Blue® assay: Assessme @;\. cell@@bilit@@ He@ﬁ cells&

Caspase-Glo® 3/7 assay Assessn@t of C%pase §gv1ty Qa optose¥nduction
Neutral red assay: Asse&@lent @ll viglity @DA 453-kb2 cells
Guideline: o@gulde&@ ass @ @

GLP: Np' @’ > D @@
Guideline deviations: @Slot 1calg£@ @§

Test cond1t10 ssa dup 0rce® and an equivalent
tion t ndup Bioforce were prepared in
Qerum me ﬁi Justed to pH 5 8. From these stock

% solut@ls co&écutlv&@lutlons up to 10 were used for
Qr rem Assa@y were conducted in 48-well plates. After
&@ t@atme ®r24 @ie supernants were recovered for the

@ @ oxil_i b10 y, and adherent cells were washed with

x@ee ‘l@_ lum and incubated with 120 pLL MTT per well.
¢ incubated for 3 h at 37°C. Afterwards 120 pL.

04 drochloric acid containing isopropanol were
added, the plates were shaked. Measurements were done at 570

ntioned supernants were added to a 96-well plate and
Qhcubated with 50 pl. AK detection reagent (AKDR) for 15
%mlnutes protected from light. The luminescence was measured
using a luminometer at 565 nm. Serum-free medium served as
negative control. The positive control was the active reagent
AKDR mixed with cells treated in serum-free medium.

Alamar Blue assay: About 30000 HepG2 cells per well were
grown for 24 h in 96-well plates and then exposed to 250 uL. of
test substance solutions for 24 h (at pH 7.4). Atterwards 100
pL of Alamar Blue solution was added to each well and
incubated for 2 h at 37°C. The optical density was measured at
540 and 620 nM. The viability was expressed as percentage of
the control results (medium only).

Cagspase-Glo® 3/7 assay: This assay was used for caspase
activity or measurement of apoptose induction. Cells were
exposed to R450 for 24 or 48 h in 96-well plates. Afterwards
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50 pul/well of Caspase-Glo® 3/7 reagent was added and plates
were incubated for 45 minutes at room temperature protected
from light before luminescence was measured. Serum-free
medium served as negative control. The positive control
consisted of the active reagent mixed with cells treated in
serum-free medium.

Neutral red assay: about 50000 MDA-MB453-kb2 cells were
seeded 1n 24-weel plates and grown for 24 h at 37°C.
Afterwards cells were exposed to test substance solutions for
24 h. Cells were washed and incubated with neutral red
solution for 3 h at 37°C. After a further washing the viability
was assessed by ﬂuorescence measurement.

Dose levels:  Glyphosate: not repo 60
Roundup Express % @
Bioforce® or E 606&? g/L RN
Grands Travaus ® 400t \b . § o\©
Grands TravpluSO é® 0&\ §
Replicates per dose level: 4 x 3re ll@
p p p @ © \Q AN

5. Observations/analyses: & %
Measurements:  Cell &@)ll y,@aemb

Statistics:  Allcdata wrep r@‘n + s@dard error. Statistical
4&9 eren ere erm@e by @ient t-test using significant

Q%vels 015005 & @

9,
,ap Mse induction

NEERN © N
AN X
Genotoxicity test @Q && @@’ . § \Q
NN
1. Test material: S &Q

S @
°@est aa: @ds T @Q ux®@
Actlv&ubsta@e(s) @ﬂyph@

Source of @ 1te Gr&aﬁﬁs Trayay ® (available on the market)
Lot/B \@ ed
ot/Batsly @spec

'Qﬂ 1ty () g/LK
2. Vehicle and/or positive control: @ medg @ / Benzo[a]pyrene 50 uM
3. Test system / cells: @
Cell cultures: @patoma cell line HepG2
Species:> Human
Source: Hep(G2: ECACC, Salisbury, UK

Culture conditions HepG2:  Phenol red-free EMEM containing 2 mM L-glutamin, 1% non-
essential amino acid, 100 U/mL antibiotics (mix of penicillin,
streptomycin, fungizone), 10 mg/mL liquid kanamycin, 10%
fetal bovine serum

4. Test methods:
Study type:  Single-cell gel electophoresis assay (Comet assay)

Guideline: Non-guideline assay
The assay was conducted according to the method developed
by Singh et al., 1988, with some modifications for cell
preparation (Valentin-Severin et al., 2003).



Glyphosate Task Force Glyphosate & Salts of Glyphosate Annex II, Document M, Section 3 Point 5:
Toxicological and toxicokinetic studies

May 2012 Page 769 of 1027

(Singh, N.P., McCoy, M.T., Tice, R.R., Schneider, E.L., 1988.
A simple technique for quantitation of low levels of DNA
damage in individual cells. Exp. Cell Res. 175, 84-191.
Valentin-Severin, 1., Le Hegarat, L., Lebon, A.M., Lhuguenot,
J.C., Chagnon, M.C., 2003. Use of hepG2 cell line for direct or
indirect mutagens screening: comparative investigations
between comet and micronucleus assay. Mut. Res. 536, 79-90)

GLP: No
Guideline deviations:  Not applicable
Dose levels: 1,2.5,5,7.5,10 ppm

Exposure duration: 24 h bo
Replicates per dose level: 3 x 2 replicates  © @° ©@ @" @
Analysed cells per replicate: 100 (&& °@<\? @ N o@é\
(& NS S

5. Observations/analyses: @ @Q SRS S
7
Measurements: Observeg @lei V@ clas@d i@4 clasgks: 0 (undamaged),
1 (minir&ﬁm dal%ge), 2mlediu£
dama <) @Q @
Statistics:  All dava wex&por S

differencggwere dey rminédby S
éyels 01 or @05. @
> <

Aromatase disruption Q@ && %}?’ Q N
©© ?@ o\@ o @?
LT ial: S PSRN
. Test material: @ @ @ 7 S
Pt Gl@%hosat@%und@lﬁxpress@, Bioforce® or Extra 360,

& %4 (@ands @raux@}rands Travaux plus®
Active Substa@e(s): lypl®ate ©<§
& @3 Glgz;@%bsate:@lgma-Aldrich, France
Source of test i@: R@ndup Express®, Bioforce® or Extra 360, Grands
Q °@vau ? Grands Travaux plus® (available on the market)
Lot/Batch #§Not sf@cified

Puri@ Gh@%osate: not reported
%undup Express®: 7.2 g/L.
Pioforce® or Extra 360: 360 g/
%Grands Travaux®: 400 g/l
Grands Travaux plus®: 450 g/l

2. Vehicle and/or positive control: Specitied under the respective assays (see below)
3. Test system / cells:
Cell cultures: Hepatoma cell line HepG2
Species: Human
Source: HepG2: ECACC, Salisbury, UK

Culture conditions HepG2:  Phenol red-free EMEM containing 2 mM L-glutamin, 1% non-
essential amino acid, 100 U/mL antibiotics (mix of penicillin,
streptomycin, fungizone), 10 mg/mL liquid kanamycin, 10%
fetal bovine serum

4. Test methods:
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Study type: Measurement of aromatase activity by tritiated water release
assay, semi-quantitative RT-PCR
Guideline: Non-guideline assay
GLP: No
Guideline deviations:  Not applicable
Test conditions: Tritiated water release assay: HepG2 cells were exposed to
non-toxic concentrations of glyphosate alone or Roundup.

RT-PCR: HepG2 cells were exposed to non-toxic
concentrations of glyphosate alone or Roundup. RNA was
extracted and reverse transcribed (using 200 U MMLV-RT at
42°C for 60 min). The resulting cDNA was subjected to RT-

PCR. @ ©°
Dose levels:  Glyphosate: 0.06, (&, 03%° ©@ @O . @
Roundup Express®: 0.3°§5, 0.8%0f preghuct (x>
Bioforce® or @&a 3 08. Y, 0.3@f p 3t
Grands Tra@c@: 1, 0.693, 0.0(ﬁ o of@ duct
Grands l"r@aux p 5;}@ 0.@075, 0.@ % of@zoduct
Exposure duration: 24 h g@ @ é\?
Replicates per dose level: 4 x 3§licat® ?@
5. Observations/analyses: o\@ @7&
Measurements: @vitiate@ater &ase y: rad@activity of released tritiated
@Water s a§§@ed b ,‘~a uid @tillation counting.
@ R%I R: %o\nata&,mRN %vels were normalised with
@Q @ ol G an& lysed photographically.
S%@tics: LAl dat&ere r@orted@’nean + standard error. Statistical
gdif @nces \%ﬁe det@jned by Student t-test using significant
o\@@ Q> le of 0.«(@ r
@ < @©
@

@
Anti-estrogenic and anti-and@nic %@&cts @
X
NZE O
Q@%@:@Rdlz ®, Bioforce® or Extra 360
L yphmsate, Roundup Express®, Bioforce® or Extra ,
Test 1ten(%© Gng@s Travaux®, Grands Travaux plus®

Active substance(s): %yphosate
N

1. Test material:

Q,

Descriptio

g Glyphosate: Sigma-Aldrich, France
Source of test items:  Roundup Express®, Bioforce® or Extra 360, Grands
Travaux®, Grands Travaux plus® (available on the market)

Lot/Batch #:  Not specified

Purity:  Glyphosate:
Roundup Express®: 7.2 g/l
Bioforce® or Extra 360: 360 g/l
Grands Travaux®: 400 g/L.
Grands Travaux plus®: 450 g/l

2. Vehicle and/or positive control: Medium / ICI 182 x 780 (10®M) and Nilutamide (10° M)
3. Test system / cells:
Cell cultures:  Hepatoma cell line HepG2, breast cancer cell line MDA-
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MB453-kb2

Species: Human
Source: HepG2: ECACC, Salisbury, UK
MDA-MB453-kb2: ATCC, Molsheim, France

Culture conditions HepG2:  Phenol red-free EMEM containing 2 mM L-glutamin, 1% non-
essential amino acid, 100 U/mL antibiotics (mix of penicillin,
streptomycin, fungizone), 10 mg/mL liquid kanamycin, 10%
fetal bovine serum
For anti-estrogenic activity, HepG2 cells were grown in phenol
red-free MEM

Culture conditions MDA-MB453-kb2: Leibovitz-15 (L15) medium supplemented with 10% foetal calf
serum. Cells were incubated at 37°C and the medium was
removed every 48

4. Test methods: cgé, @ Q

S

Gene- receptor‘ts v@ucie acig%

Guideline:  Non-guidelily¢ ass g Q 0& &Q
. @ o &

GLP: No @ R < o

Guideline deviations: Not apgicable© < N

NI

Test conditions:

) e act' tesfN20008,HepG2-cells per well
N g
wpat 3705% (S, 95 @pair) in MEM supplemented

@ﬂ' h?2 r@[ gluta@ne % on-ésdential amino-acis and 10%
@ de@n al foe@@b calf serum in 24-well plates.
@ Afiéyp24 hghe cells&gere trafisfected with a mixture of 5

@ Af@*&rent Smi <@RE§1 hERq, hERB, pCMVBGal and

® G5) mCL%? d £ @ at 37°C (5% CO,, 95% air).
6 %@ fte ards edip@@ was removed and replaced byl mL of
fo
@ t

calf serum and incubated for further 24
Q @13 @e co @ted with the test substance solutions and p-
& @ @stradlo > ICT 182 x 780 (10 M) served as positive

& con At th@nd of treatment cells were lysed with Reporter

@ lysxga uffer §&4d frozen at -80°C for at least 30 min, and
Q\@ %ﬁared& activity measurements.

@m Iﬁogenlc activity test: 50000 MDA-MB-453-kb2 cells
er ere grown in 24-well plates in L-15 medium without
hﬁed supplemented with 5% dextran-charcoal fetal calf

m at 37°C without CO,. After 24 h the medium was
Qetoved and cells were washed with PBS and exposed to
Roundup solutions in co-treatment with DHT (4 x 107 M).
Nilutamide (10° M) was used as positive control. After 24 h
cells were lysed and luciferase activity was measured.

Dose levels:  Anti-estrogenic activity test:
Glyphosate: 0.1, 0.2, 0.3%
Roundup Express®: 0.1, 0.2, 0.3% of product
Bioforce® or Extra 360: 0.05, 0.1, 0.15, 0.2% of product
Grands Travaux®: 0.00025, 0.0005, 0.00075, 0.001 % of
product
Grands Travaux plus®: 0.001, 0.002, 0.003 % of product

Anti-androgenic activity test:

Glyphosate: 0.05, 0.1, 0.15%

Roundup Express®: 0.05, 0.1, 0.15, 0.2% of product
Bioforce® or Extra 360: 0.01, 0.02, 0.03, 0.04, 0.05% of
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product
Grands Travaux®: 0.00005, 0.0001, 0.00015, 0.0002 % of
product
Grands Travaux plus®: 0.001, 0.002, 0.003, 0.004 % of
product

Replicates per dose level: 3 x 3 replicates
5. Observations/analyses:

Measurements:  Anti-estrogenic activity test: Luciferase and B-galactosidase
activities and protein level.

Luciferase activity for each treatment group was normalised to
B-galactosidase activity and protein level (Luc x Prot/Gal) and
compared to the con§l (17 B-estradiol) set at 100%._

t

Anti-androgenic a test Lucifé@pse ac@'dty Wy
measured and re&&%ed a\@erceﬁ@ge @e dat%btained
with the andro@n DHTe, N @ R
Statistics:  All data wer, port S medw+ stag@rd ergQy. Statistical
differencegwere d@rmin y St@ent t using significant
levels 0& 1. % Ao N R
XN Q) Q> £, ©

@ @ @ S
Yo &S e
P & 0.9
© ©
KLIMISC VA@JATI@@ Q
o & @ $
1. Reliability of study: Q@ %{@elia ‘,g)_ts- @ Q

d m®icity tests and concentrations used in
ses@nt of results difficult. Exceedingly high
e it dose for this study type. Inappropriate
@i t systéah for ulations containing surfactant; cytoxic
&) eng@ne diggiption potential of surfactants are well known
n vi

Coréént: %Due to@orﬁ@ic' es (e.g. correlation between
C

/
o

@ y@
e
o

relexant: Excessive doses exceed typical in vitro limit
ses. P vitro test system is inappropriate with surfactants.

3. Klimisch code: 3 @@@
N

Response 1 — summarized from Willia n@%e al. (2012)
¢ Glyphosate demonstrated no siicant anti-estrogenic potential
¢ (Glyphosate demonstrated some anti-androgenic potential at lower concentrations, but not as doses
increased and therefore results are considered unrelated to treatment
¢ Four glyphosate based formulations demonstrated both estrogenic and androgenic activity.
Results are confounded due to surfactants within the formulated products tested, which affect cell
membrane integrity and produces false findings.

Response 2 — summarized from BfR Review (2009)

¢ Numerous methodological flaws are noted.
o Test substance(s) not characterized
o Source of materials for cell culture not provided.
o Dosing concentrations not well described
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o Serum free media only appropriate for short term (3-4 hour) in vitro exposures.
o pH control of dilutions not clear.
o Osmolality of test solutions not reported.
o Electrophoresis parameters insufficiently or inaccurately reported.
¢ Numerous reporting deficiencies are noted.
o Influence of serum-free cell culturing on endpoints can not be determined
o Incomplete data reporting, in cluding B-galactosirase activity, cototoxicity for select
assays.
o Positive control data not reported.
o Confusion between maximum residue levels verses systemic concentrations in humans.
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Author(s) Year Study title
Clair, E., 2012a A glyphosate-based herbicide induces necrosis and apoptosis in mature rat
Mesnage, R., testicular cells in vitro, and testosterone decrease at lower levels
Travert. C Toxicology in Vitro

ST Volume: 26
Seralini, G.E. Number: 2

Pages: 269-279

Abstract*

The major herbicide used worldwide, Roundup, is a Qbas pestl@@ vsgad]uvants
Glyphosate, its active ingredient in plants and its a%% me MP a@ng the first
contaminants of surface waters. Roundup is being usedeas § g cally modified
plants grown for food and feed that contain its residucg @ ere 3@ teste % S formulation on
mature rat fresh testicular cells from 1 to 10000 @ thus @m th@ang som%lman urine and in
environment to agricultural levels. We show tha Ro dup exposure Leydig cells are
damaged. Within 24-48 h this formulation is al @oxlc el @ a1n1§Ns)y necrosis, by contrast
to glyphosate alone which is essentially toxi Ser cell ater also ces apoptosis at higher
doses in germ cells and in Sertoli/germ celk: S. A@Jwer tox ncentrations of Roundup

and glyphosate (1 ppm), the main endocr disr on is ®estogtrone (@rease by 35%. The pesticide

has thus an endocrine impact at very lo Vir entg@)ses @ onl igh contamination appears to

provoke an acute rat testicular toxicﬁs degpsnot gﬁimpag@% e chredic toxicity which is insufficiently
ato

tested and only with glyphosate in r Fosts. Q
* Quoted from article © @ X @ @
S @ &

& ( ER%ES @ME ODS

1. Test material: @ @
@ 1ter~@ Rouﬁ&p B@ce@ and glyphosate
Active substane@: G@p os
Descrgu \Q\ ot rep%fted

@ Glsate Sigma-Aldrich (Saint Quentin Fallavier, France)
@ R&@adup Bioforce®: not reported

Lot/Batch #: @t reported

Purlty%Glyphosate not reported
Roundup Bioforce®: 360 g/L. acid glyphosate (corresponding
to 100%)

Homologation: Roundup Bioforce® 9800036

Sour

2. Vehicle and/or positive control: Dulbecco Moditied Eagle’s Medium/Ham F12 Medium
(DMEM; Biotech GmbH, Dutscher, Brumath, France)

3. Test system / cells / animals:
Species:  Rat
Strain:  Sprague-Dawley
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Source: Janvier, Le Genest-Saint-Isle, France or University Centre of
Biological Resources, Caen, France

Age of test animals at study initiation: 70 days 5
Sex: male
Body weight: Not reported
Acclimation period::  Not reported
Diet/Food:  Standard food, ad libitum
Water: Water, ad libitum
Housing::  Not reported
Environmental conditions: Temperature: 20 +22°C

Humidity: not @orted @ 60

Air changes: g{g@epoﬁ@" K @@ O °<\9@
12-hour lighVggReycl®>” & XS N
Cell Culture: Leydig, Ser@and %) ce y& §
Species: Rat . @ @ \Q Q&

©)
™~ XN
Source:  SpragyBdd awlgymats Q& L .9
. . @) @ N
Cell line maintenance: DMEN /H&@Z ngsgent @um (&), v/v) supplemented
Q@

W@or withput hGL Thum@y homo®Bx of LH physiologically
dqyolvedd¥ endoggine regylatio eydig cells) for Leydig
ells calfore agg with sGum r@cement 3 for Sertoli and germ

@cell Q N @ N
Culture conditio@@ %@perat&@ 320‘@ Q

@ @ 4 @}
4. Test methods: °\@@ @% & CC@ @&
Bioluminescent@im %M < (%’(» @
. . @ytotoél ity a@sment
@Say@ SRS
Gwdelin®y? N%guideli@ assay
Q" &Y

@R O
Guideline deviations t agglicable

Plate cultu@g 96 @4%611 plates

Test conditions: fore the assay, cells were treated with different dilutions of
&Rundup Bioforce ® or glyphosate + 1 Ul/mL of hCG during
%different exposure time points. The adenylate kinase detection
reagent (AKDR) was prepared in a buffer (5 g/10 mL).

Subsequently 50 mL of supernatant were transferred to an
opaque black 96-well plate. 50 ul. of AKDR reagent were put
mnto each well. The plates were then left under agitation for 15
min in the dark, and light was measured using a luminometer.

Dose levels: Not exactly specified; several concentrations from 0 — 1.0%
dilutions of Roundup Bioforce® or equivalent concentrations
of glyphosate in DMEM/Ham F12 medium

Cells per well: 10’ per well in 96-well plates and 3 x 10° per well in 24-well
plates

Exposure duration: 3, 6,9, 12, 18,24 0or48 h
Replicates per dose level: 9



