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,MEMORANDUM ‘ umms&immmsmm

SUBJECT: Fifth Carcinogenicity Peer Review for Atrazine

FROM: Melba S. Morrow, D.V.M, . /4L e
.. Registration Action Branch I ﬂ/»¥/77
Health Effects Division /

TO: Jess Rowland, Ph.D.
Executive. Secretary, Cancer SARC
Science Analysis Branch
Health Effects Division

Attached is a copy of the Weight of the Evidence Document for the
fifth carcinogenicity peer review for Atrazine.

The purpose of this document is to present new data and supporting

documentation prov1ded by Clba Gelgy that address the mechanlsm of
carcinogenesgis.

The Cancer SARC is asked to evaluate the new information and to
clagsify the chemical accordingly.

. s
) .

Recycled/Recyclable « Printed with Vegatable Ol Based Inks on 100% Recyclod Paper {40% Posiconsumer)
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Discusslon of the Data: Several of the assumptions’made by the
registrant in  support of the LH mechanism have not been fully
investigated investigated in this study and the results are
inconclusive. .Specific flaws in the LH study include the lack of
comparison of the LH surge . obgerved in atrazine treated rats, to
"that observed' in normal, untreated middle aged (10 ~-15 months)
rats; fallure to demonstrate unovulated or abnormal ovarian
follicles either grossly or hlstologlcally, failure to provide data

that demonstrated a stimulation of prolactin;  large standard |
deviations that in some instances, exceed the mean values and
indicate a high degree of varlablllty in the data; and the failure
to demonstrate or correlate the LH findings to promotion of mammary
- tumor growth due to the short duration of the study. A critique of
the study is provided in the attached’ ‘May 30, 1996 memo from T.M.

Crisp to E. Frahcis, K. Hammerstrom, K. Baetcke and M. Morrow. (The
memo is Attachment 1 to this- welght of the ev1denoe document) .~

In additlon to the: flaws in the LH study, it is understood that LH
is under the control of the gonadotropln releasing hormone (GnRH)
that is released by the anterior pituitary. Ne .links or
- assessments .have been oonduoted. to determine the role of the
pituitary Thypothalamic tract with regard to the hormonal
perturbations that are eupposedly oocurrlng in these ading rats.

-Furthermore, if LH is controlled at this site (anterior pituitary)
in the body, the changes in this hormone could be the result of an
effect at the gite of hormonal control. \

ii. Evaluation of the LH Surge in Atrazine Exposed Female Sprague
Dawley Rats - 6 Month Report
MRID 44152102 C
October 1996 - v

Atrazine wag administered in the diet to female Sprague Dawley rats
' (90/dose level) at levels of 0, 25, 50 or 400 ppm (0, 1.8, 3.65 or
29.4 mg/kg/day) for 6 months. At 400 pom (29.4 mg/kg) there was a
etatlstlcally 91gn1flcant difference in body weight, body weight
gain and food consumption when compared to controls, Body weight
at 400 ppm was 5 to 9% lower than that reported for controls, body
" weight gain was 14% lower than that reported for controls and food
consumptlon was 4% lower than controls.

-Based.on the results obtalned from vaginal cytolegy, rats receiving
400 ppm. of atrazine had a greater incidence of abnormal estrous
.eycles beginning at week 13. Only 53% (48/90) of the animals were
experiencing normal cycles and 39% (35/90) remained in estrus for:
a period in excess of 2 days. By week 17, '18% (16/90) of the
animals in the 400 ppm dose group were reported to be in a state of
constant estrus and at' week 25,  treatmént- related - effects on’
cyclicity were more apparent and were compounded by the 1ncrea81ng'
age of the anlmals " In high dose gnimalg, only 18% of the rats

6
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were cycling normally and 67% had estrus phases greater than 2
days in duration. Of the high dose animals with prolonged estrus,
38/61 or 62% were reported as being in a state of constant estrus.

LH levels in rats scheduled for repeat and non-repeat bleeding,
appeared to be affected by the dose of atrazine. The mean LH
levels in control, low and mid dose groups peaked at around 1800
hours (biclogical time, with 1100 being the baseline biological
time) ; however, in rats receiving 400 ppm, there was no surge in LH
and blood levels remained close to basgeline values.

Atrazine had no apparent effect on prolactin levels.

The following Tables depict the @ffect of the compound on the
estrous cycle and on blood LH levels.

Table II
Vaginal Cytology Results
Doge Weeks on Atrazine
Normal cycles (ppm) 1 5 9 13 17 21 25
n= 90 0 64 72 81 76 64 56 41
25 71 80 80 73 64 50 38
50 69 75 82 69 60 49 32
400 50 78 74 48 45 29 16
Diestrus
> 4 days 0 22 16 5 3 8 13 11
25 17 7 5 6 10 9 14
50 20 9 3 7 8 & 11
400 33 9 7 9 7 21 16
Estrus
> 2 days 0 4 3 4 11 18 21 42
25 2 3 5 12 18 31l 40
50 1 ) 5 15 23 38 49
400 9 4 9 35 39 50 61
Consgtant estrus
0 0 0] 1 6 8 8 17
25 0 0 0] 3 7 17 15
50 0 1 1 6 9 19 25
400 0 0 o 8 16 20 38

Taken from Table 5 of report
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were cycllng normally ‘and  67% had estrus phases greater than 2
days in duration. Of the high dose animals w1th prolonged estrus,
42/61 or 68% were reported as being in a state of constant estrus.

" LH levels in rats scheduled for repeat and non-repeat bleeding,
eppeared to be affected by the dose of atrazine. The mean LH
levels in control, low and mid dose groups peaked at around 1800
hours (blologlcal time, with 1100 being the baseline biological
time) ; however, in rats receiving 400 ppm, there was no surge in LH
and blood levels remalned ¢loge to basellne values.

' Atra21ne had' no apparent effect on prolactln levels.
The follow1ng Tables depict the affect of the compound on the
"estrous cycle and on blood LH levels
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Table III
SerunlLH (pg/mL) Conceéntrations FolloW1ng'Atra21ne.Admlnlstratlon
Repeat Bleed

. Dose {(ppm) Sample Time (Hrs) ~
L 1100 1400 ‘ 1600 - - 1800 2000 - 2300
o ‘ ' ' J =
mean ap9 1136 ) 2213 ' 3336 3388 1672 -
'IS.D. 410 554 o 2562 3138 3344 \ 426
25 S o o S
mean 1075 . ' 1468 ‘ 1603 3631 2510 - 1229
sS.D. | 621 977 - 682 . 2732 ;;1138 - - 492
" 80 ’ | o . : '
mean 972 984 - 2277 - 2500 . 2409 1272,
5.0, 353 466 . 1470 -1897 1525 . B9 *.
400 | o o ‘ :
mearl 1005 1155 850 . 858 1042 - 953

" 8.D. 482 "~ 620 -+ 352 - 416 627 549

"ITaken'from Table GB of reporxt.
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Digcussion of the ‘data: Based on the regults reported 1n thle 6
month study, a possible correlation can be made between the dose of
atrazine, the disruption of the normal estrus cycle and a possible-
attenuation of LH. There is a wide wvariation in the standard
deviations reported for blood levels of LH following both repeat
(shown in Table III) and non-repeat bleeding. This varlatlon in
‘the data may be due to the small sampllng window that is available
for LH and could adversely compromige the study with regard to the
reliability of the data. ‘ - :

The registrants earlier hypothe31s pertalnlng to the effects of
atrazine on prolactin.are not supported by the results from this
study.  Prolaetin levels were unaffeéted by the compound.

Based on the data presented the NOEL for LH activity should be
established at 25 ppm. This is based on the fact that at 50 ppm-
the surge is somewhat attenuated when depicted graphically. This
is not as apparent from the mean numbers provided - for animals
receiving 50 ppm. .

Several of the deficiendies cited in the 28 day study would also
apply to this study, spe01flcally, failure to determine whether the
" ‘observed effects on LH are occurlng at the pltultary hypothalamlc
tract, failure to .demonstrate gross or nucroscoplc effects in
ovarlan tissue and the existence of large standard deviations in

the data. A memo from T. Crisp to M. Morrow dated June 5, 1997 is
attached. : ‘
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5.‘Chroﬁic,8tudies

" 1. One Year Combined Feeding/Oncogenicity.Study in Female Sprague
" Dawley. Rats : - ‘ :
Authors: Pettersen and Turnier
" December 8,. 1995 = ' -
(MRID 43934402)

This .special’ toxicity study was designed to.determine the effects .
‘of 12 months of 'dietary exposure of atrazine to female -CD rats on
‘mammary’ glands, pituitary glands, estrous .cycle; . and plasgma
- hormones. Estrous, cycle evaluation  (by vaginal smear and
.’ histology) and plasma hormone (estradiol, progestérone, prolactin,
-and’ luteinizing hormone) concentratiocns.are to be.reported later.

Technical atrazine (97.1% a.i.) was administered in the diet to 55

", female Crl:CD(SD)BR' rats per dcse group at dose levels of 0, 15,
30, 50, 70 or 400 ppm, corresponding to 0.8, 1.7, 2.8, 4.1, or 23.9
mg/kg/day. 'Ten females per dose group had trunk blood collection
and estrous cycle evaluation made at interim sacrifices of 3, 6, 9,

" or 12 monthse. Fifteen females per dose group had interim orbital
blood samples and estrous cycle evaluations made at 3, 6, 9, and 12

. months followed by sacrifice at 12 months.- No effects upon
clinical signs or mortality were noted. oo

The 400 ppm.group had statistically significant decreases.in mean .
body weight compared to controls beginning at week 2 (96% of
controle), decreasing to 88-92% of controls. for the last 10 months

‘of the study. The 400 ppm group had. statistically significantly .
decreased mean body weight gain from weeks 2-46 with mean  values
ranging from 82-89% of controls. Food consumption for the 400 "ppm

- group ranged from 88-101% of controls, statistically significant at
6 weekly intervals in the first 11 weeks. .The 400 ppm groéup.had
food congumption close to that of dontrols for the last 9 months of
the study. Food efficiency for the 400 ppm dgroup was decreased in
comparigon to.controls during the first 12 weeks of the study.
‘After 12 -weeks, ‘the 400 ppm group had similar, or occasiocnally
increased food efficiency in comparison to controls. - Mammary gland
hypertrophy (11/55 ve '6/55) and gkin masses (9/55 vs 4/55,
apparently associated with mammary tumors) were increased in high-

- doge females compared to controls. Mammary gland adenocarcinomas .
were increased in high-dose females compared to controls (6/55 ve
1/55}, mammary gland adenomas were similar in incidence in- high-
dose animals compared to controls (1/5 vs 0/55), and mammary gland
fibroadenomas were only slightly increased in high-dose females in
comparigon to controls: (4/55. vs 2/55). The increase in: mammary,
gland adenocarcinomas in high-dose females was not 'statistically
significant, however the incréase of combined mammary gland
adenomas, ‘adénoccarcinomas, ‘and .fibroadenomas (11/55 w8 3/55

- combined) was significant (p<0.05). - There were no, significant
differences for onset. time among treatment groups. when mammary

' . 'gland adenomas, -adenocarcinomas, and fibroadenomas were congidered .

©10
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separately, however, there was a - significant posgitive trend
(p<0.05) when fibroadenomas were combined w1th either adenomas or
adenomas and adenocarclnomas

The NOEL is 70 . ppm (4.1 mg/kg/day ‘and the LOEL' is 400 ppm (23.9
‘mg/kg/day in females bagsed on decreased body weight, body weight
gain, and increased mammary gland adenocarcinomas. A statistical
Analysis by L. Bruneman of SAB is attached (Attachment 2) along
with the DER from K. Farwell (Attachment 3) L -

fDisaussiom of . the Data - The spec1al one year combined
,chronlc/oncogen1c1ty study in  female Sprague Dawley rats was
yclae51f1ed suppleméntary, did not satisfy the guideline requirement’
~for 'a chronic oral study in the rat, and could not be upgraded.
The following guldellne deficiencies were noted: only females were
tested; only 25 animals per dose group were planned for terminal -
'sacrlflce, no clinical chemistry, hematology, urlnalysis, or
ophthalmology testing; + liver -.and kldneye were . not weilghed;
microscopic exam only included the pituitary, ovarles, uterus,
'vagina,  inguinal skin with mammaries, and magses; and not all
‘results were reported (hormone .analysis and estrous cycle
. evaluations) . o ' o ' ‘

ii. Chronic 12/24 Month Study in Rats with Atra21ne Technlcal
' Supplement to EPA Guldellne 83-1.
Author: S.L. Morseth, Ph.D. ‘
. MRID44152103,
study 4 CHV2386-108 . . . , ‘ .
October 24, 19986 b :

Technlcal Atra21ne (97.1%) was admlnletered.at dietary levels of 0,
25, 50, 70 ‘or 400 ‘ppm '{ equal to'0, 1.5, 3.1, 4.3 or 24.5 mg/kg
average) to ovarlectomlzed and 1ntact female Sprague Dawley rats
(80/group and a total of 160 animals for each dietary.level). )
Animals received atrazine for 52 weeks.  Ovariectomies were
performed on. deelgnated rats when the animals were 7 weeks of age.

There were no compound-related effects on survxval in ‘any of the
groups. ' At 400 ppm, body weilght and body welght galn were
significantly lower (p < 0.05) than corresponding controls in both
intact, and ‘ovariectomized rats. Body weight was 5 to. 7% lower in
intact high dose rats and 7 to 9% lowervin,ovariectomized‘high dosge
rats when compared to controls. Body weight gain at the end of 51
weeks was 13% lower than controls in intact females and 115 lOWer
‘than in ovarlectomlzed ﬁemales

,Palpable masses were present in all- groups . of 1ntact anlmals and in -

they ‘ovariectomized control group. In . intact females, the
incidence of palpable masses was 2/80, 4/80, 4/80, 4/80 and 8/80%
(* p < 0,05) for asgending doses levels, At 400 ppm, the first
‘palpable mass was reported at week 14 and at weeks 29 ©28, 38 and

ilj
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32 for control, 25, 50 and 70 ppm dletary 1evels, respect1Vely
The masges were palpated at various anatomical locations and we e
not confined to regions where mammary tissue was located. aﬂbﬁvyé

There were no reported compound- related. effects on organ to body
;weight ratios. Gross findings were similar between.groups and were
not associated with the -administration of atrazine. In
‘ovariectomized rats, there- were no mammary neoplasms reported.
However in intact females, mammary neoplasms were repdrted at a
. higher frequency (6/25) in animals receiving 400 ppim.. Thig was not
statlstlcally SLgnlflcant when compared to control anlmals ‘

The follow1ng table showsa the ln01dence and classmflcatlon of
mammaxy tumors in intact animals. . ’

i

‘ . Table IV ‘
Incidence of Neoplastlc Le51ons in Intact Female’ SD Rats
Tumor type : - Atra21ne Dose Level (ppm) ' ;
0 . 25 . 50 ‘ 70 400
.. Mammary Gland - C T ' . L , ‘ ,
fibroadenoma o 0/22 - 2/22 .2/23 . 2/22 1/25 . '
| (%) g -0y A9) o (9) (9 (&)
carcinoma - 2/22 2/22  0/23 . 2/22  6/25
- R ¢} (9 (0 . (9 (24)
.v//combinea o . 2/22 . 3/22  2/23  4/22  6/25
‘ (9) " . (9 ~{(18) .+ (24)

Total numbers .include the 20 animals scheduled . for interim
sacrifice and any'animals dying or sacrificed during the study

«‘j]rw

12
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i

Discussion of the Data While absolute numbers and percentages of
‘animals -with mammary tumoxrs lncreaSed there was no statistical
‘51gn1f1cance aeeoclated Wlth the 'increase. It is posgible. that
gince no'tumors wetre found in ovarlectomlzed animalsg, the ovaries

may play a hormonally medlated role in the development of mammary
) tumore 1n 1ntact anlmals : :

. ¢ ! '
Based on the‘results reported in. the gtudy, the NOEL is 70 ppm and’
the LOEL is 400 ppm basged on statlstlcally glgnificant’ decreases 1nl
body weight galn Data from vaginal cytology were not provided in
this report. The study is supplementary and” will be clasgified

based on satlsfactlon of Guideline criteria upon its completlon

‘¢. Journal Articles Provided by Ciba Geigy to. Address Mechenisme'
' of Carcinogenicity

1. Theory-of Estrogenlcity

In thelr-attempt to address the mechanlsm of action of atrazine 'in-
Sprague Dawley rats, Ciba Geigy proposed several mechanisms, most
of which were not supported by ancillary and specialized studies.
The preV1ouely proposed mechanisms entertained the possibility that
atrazine possessed eetrogenlc properties that in turn resulted in
a hormonal imbalance in Sprague Dawley rats which led to premature.
senescence and finally resulted in a decreased ‘latency -and’ an
increased incidence of mammary tumors. The journal articles

. provided information from studies conducted in vivo and in vitro,
involving different types of aggays to determine whether atrazine
had estrogenlc propertlee ‘when compared to estradiol.

Diecueeion of'the Data:

The results from seven etudles are summarized in the following
; Table. . .Once these studies were, completed, the theory of
exogenous eetrogenlc activity was no longer pursued. Additionally,
a consensus panel, convened by Ciba Geigy to evaluate the hormonalt'
mechanism of mammary carcinogenesis concluded that 7 out of 9 in
vivo studies conducted to determine the estrogenicity of atrazine,
-were negative. Ohe of the positive tests had not. been validated

and the other positive test was 1ncon81stent with other publlshed
reports .

13
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4. Previously Reviewed information'
Studies Conducted in Sprague Dawley Rats:

a.- 2-Year Comblned Feedlng/Oncogen101ty in Sprague Dawley Rats
Author: Mayhew, et.al.
Date: Aprll 29 1986

(Thig" study was. the subject of the first HED Cancer Peer Review
held on Septewmber 10 1987 and was the bagis of the cancer
cla981f1catlon)

{Atra21ne was admlnlstered 1n the dlet of Sprague Dawley rats at
doge levels of 0, 10, 70, 500 or 1000 ppm for 24 months. This ig
equivalent to 0, 0.5, 3.5, 25 or 50 mg/kg/day.. In males there was
an increase in the 1n01denpe of testicular tumors at the’ highest
dose tested. -This finding was stated in the peer review report to
have -occurred at a- level 'which exceeded the MTD ‘'‘and was not
considered in the carcinogenicity classification. ' In males, the
systemic NOEL was 3.5 mg/kg/day and the LOEL was 25 mg/kg/day basged
‘on decreased body weight gain (14%). At the hlghest dose tested of
.50 mg/kg, there was decreased body weight gain (14-16%) and an
“increase in the incidence of degeneration of the rectus femoris .
. muscle. Hlstopathologlcal lesions were also present in males and

\1ncluded prostatlc hyperplasla and renal calculi.

In females, there was a statlstlcally significant incdrease in the
incidence of mammary carcinomag at ‘doges of 3.5 mg/kg/day and
higher. A gignificant increase . in flbroadenomas/adenomas was
reported at 50 mg/kg/day and a. gignificant increase in all mammary
tumors was reported at 25 and 50 wmg/kg/day. In spite of the
carcinogenic response at .3.5 mg/kg/day, .this dose level .was
determined to be the NOEL for systemic effects of atrazine during
the chronic¢ portion of the study. . The LOEL for systemic effects
wag 25 mg/kg/day based on' decreased body weight gain (18 to 23%).
Females receiving 50 mg/kg/day had decreased body weight gain (26
to 34%), decreased survival, decreased red blood; cell count,
hematocrit and hemoglobin, and an increased incidence of retlnal
degeneration, . liver necrosis and degeneration of the rectus femoris
muscle,. This study also served as the basis for the RfD. The
‘gtudy wae classified as core minimum and satigfied the requirements
for a chronic/oncogenicity’ study in rodents. (See Table M I for
-incidence of mammary tumors), - '

15
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: ‘ Table VI
Inc1dence of Neoplastlc Le31ons 1n Male® and Female SD Rats .

Atrazlne Dose Level (ppm)

Tumor type
oo o - - 10 70 500 1000
: Mammary Gland . o . o .
fibroadehoma - 29/89 -29/65 .~ 36/70 39/68 45/88%*
(%) (33) - - {45) (51) - (87)  .(51)
adenoma - 1/57 0/51 1/57 1/54 " 2/50.
- (2) vo{0) (2) - ,(2) - (4)
adenocar01noma - 15/90 - 16/68 . 27/70% 27/68% | 45/90%*%
‘ - ’ (17) (23) (39) - . {(20) (50)
‘ cqmblned . - 36/90°, ' 40/68 47/70 . -48/68 . 65/90%
' - (40) - (B9) (67)° (71) - (72)
Testes o N - ' ’ . S
1nterstit1al -~ 1/88 - - 3/59 2/59- 2/60 /64
cell tumor A2y (5) (3) o3y .

*p< 0.05, w**p <0.01. An’ analysms of thlS data was ‘conducted by ‘SAB
for the flrst HED Cancer Peer Review for atrazlne ; . }

16
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. \\ ! L N . s

-b. 2-Year Oncogen1c1ty Study in Female Sprague Dawley Rats

" Author: A.K. Thakur . . .
January 27, 1932 o , g o ' s T

- Atrazine was administered to 60 female Sprague Dawley réats per dose
group for 24 months at dietary levels of 0, 70 or 4060 ppm (0, 3.8
or 23 mg/kg/day). The NQEL for systemic effects was 3.8 mg/kg/day ‘
and the LOEL was 23 mg/kg/day based on decreases in body weight
gain. At this- dose ‘level, ‘the combined incidence of fibroadenomas
and carcinomas were Statlstlcally increased ‘when the numbers were
.adjusted for survival. A decreased latency in the onset of mammary .
tumors was also reported - at the highest dose level, with .6
carcinomas belng reported at’ the high doge vs 0 in the controls at
the 12 month interim sacrifice. ' At the 12 month interim sacrifice,
. the total number of ‘mammary tumors was 2, 3 and 9 for control, 70
ppm and 400 ppm dose levels, regpectively. (See Table ﬁW!below for
non-~ adjusted incidence) . At 24 months, there was no significant

dlfference ifn the total tumor 1n01dence between control and treated
groups . :

Table VII
- Mammary Tumor Incidence
TUNOLS - : S Dose Level {ppm) L :
’ ‘ : 0 R 70 : 400
"Fibroadenoma . ‘ . 39/60 s 30/60 . 41/60
Adenocar01noma ! 17/60 . 13/60 . - 22/60
Comblned C 46/60 . - 34/60 49/60

p= 0 05 usmng llfe Table tests.‘

‘(From - review by H. Spencer 2/09/94, no SAB review of data
appended) . - ' - -

@. .2-Year Oncogenicity Study in Female Sprague Dawley Rats
Author: A.K. Thakur
October 1991

Atra21ne was admlnlstered at dletary dose levels of 0, 70 or 400 '
ppm for 24 months to female Sprague Dawley rats. At 1, 3, 9, 12,

15, 18 and 24 months, 10 animals pexr’ group were sacrlflced fOr
Lhormonal determinations. The systemic NOEL in this study was 70
ppm (3 5 mg/kg) based on a 13% decrease in body weight gain. ' The
ovaries, uterus, vagina, mammary glands. and pltultarles were

evaluated, histologically and an assessment was made using vaglnal s

cytology to detexmine the phase of estrous that the animals were in
‘at the time of sacrlflce
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The mammary tumor incidence is summarized in’Table-EDL/ In this
study, there was a decreaged time to tumor at- 12 months in the 400
ppm group. . The number of palpable massés at 12 months .that were
later confirmed as mammary tumors (either adenomas or carcinomas)
was. also increased in-the highest dose level. ' The incidence at 12
months was 4/50, 3/48 and 14/50 for control, 70 ppm and 400 ppm
‘dose groups, respectively. The incidence at the end of the study
was not significantly ‘different between control and high dose
groups. T o \

Table VITI . “

Mammary Tumor Incidence
- Tumoxs L Dose Level((pﬁm) :
: - -0 70 400
Fibroadenoma - 8/50 . 12/48 . 13/50
Adenocarcinoma : -9/50 - 4/48 - 11/50

Combined .. - 16/50.- 16/48 , 22/50

' Discussion of the Data: The vaginal smears used in the assessment
of stage of the estrus did not provide substantial proof that

animale at higher doses were more inclined to remain in proestrus.

Additionally, hormonal determinations were questionable with regard
to the significance of the variability in the ranges that were
reported for estrogen and progesterone. Reviews conducted by T.M.
Crigp under memo of March 31, 1994, outlined discrepancies in
hormonal data and -cited that there was a concern that the
experimental - design of this study may be flawed. °Among. the
- discrepancies addressed in.the Crisp memo were whether the blood
samples collected for ‘hormonal assay were collected: at the
appropriate time; whether the vaginal smear cytology data were

reliable, the confidence of reported increases in specific hormones

at designated sampling intervalsg ‘and the' reliability of group
means. These items were addressed in the response to the PD 1;
‘however, Ciba’s response did not provide evidence that the data
were reliable or the study design was unflawed. \
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5. Additional Information Provided by the Regietrant
a. ,Comparative Studies ih Fisher 344 and Sprague Dawley Ratse

Carcinogenicity studies were conducted in Fisher 344 rats to
demonstrate the strain differences in the carcinogenic response.
Studies were also conducted in females, only to compare hormonal
activity and perturbatlons in eycliecity to findlnge in Sprague
Dawley rats , . ‘

1. Two-Year Oncogenicity in Fisher 344 Rats’
Author: "A.K. Thakury o
February 18, 1992

Atrazine was administered for 24 months to male and female Fishexr

344 rats at dietary levels of 0, 10, 70, 200 or 400 ppm. The NOEL

"in both sexes was 70 ppm (3.4 mg/kg/day in males and 4.4 mg/kg/day.

in females) At 400 ppm there was an 11% decrease in body weight

. gain in'both males and females. At this dose level, there was also

‘a 'significant increase  in leukémia associated hepatopathy in
females. The leukemia associated hepatopathy was not believed to
be associated with the administration of atrazine. At 200 ppm,
there was also a significant decreasé in body weight gain (8%) din.
" both sexes from weeks 0 through 76. The NOEL for this study was 70
‘ppm and. the LOEL' was 200 ppm. o ' )

'Atra21ne was not a88001ated ‘with carcrnogenlcity in this strain of
rats. Incidences of mammary and pituitary neoplasla were not
etatlstlcally dlfferent from controls.

The study was claggified as core guideline and satlefled the data
requlrements for an oncogen101ty study. :

2. Two Year Oncogenlclty Study in Female Flsher 344 Rats
-Author:  A,.K.Thakur ‘
November .8, 1991 ~

- Atrazine was administered to female Flsher 344 rats at dietary dose
" levels of 0, 10, 70, 200 or 400 ppm (0, 0.5, 3.5, 10 or 20
mg/kg/day) . Anlmale were gacrificed at 1,'3, 9, 15 and 18 months’
for estrous cycle staging and hormonal evaluation. This strain of
rats was negative for carcinogenicity. The NOEL was 3.5 mg/kg/day
and the LOEL was 10 mg/kg/day based on decreased body welght gain.

The results from the two etudles in Pigher rats were compared to-
the regults obtained in Sprague Dawley with regard to hormonal data
and cycle staging to evaluate the patterns of reproductlve aging

that may be responsible for the differences . observed ‘in the
‘ development of mammary tumore in both' strains.

19 ..



HED Records Center Series 261 Science \RevieWs - File R052391 - Page 19 of 27

| . /

The reglstrant concluded that in Sprague Dawley ‘'ratg, ‘there was an
increase in gerum estrogen and prolactln as the animals aged and in
~ Fisher 344 rats there was a decrease in estrogen and an increase in
‘progesterone and prolactln - Sprague Dawley rats were reported to
spend more time  in estrus as they age, whereas, Fisher 344 rats
‘were reported to spend more time in proegtrus. The purpose of the
strain comparison was to determlne, uslng vaginal cytology and
hormonal aging 'patterns, whlch strain would be more closely '
compared to humans. '

,b. Articles and. Papers Addressing Straln Differences

{The articles below prov1des additional comparlson ‘of results

 following the admlnlstratlon.of atra21ne to both Fisher and Sprague‘
Dawley. strains). ‘

1. Chronic Effects of Atrazrne on Estrus and Mammary Tumox
Formation in Female Sprague Dawley and Figher 344 Rats
- MRID 43598615 ,

This article prov1ded a comparlson of the results obtalned in long
term studies in which atrazine was administered at similar dietary
dose levels to two different gtraing of rats (0,10, 70, 200 or 400
ppm in Fisher rats and 0, ‘70 or 400 ppm in Sprague,Dawley rata) ,
The authors concluded that the levelg of atra21ne were at or
exceeded the MID in Sprague Dawley rats, which in turn led to
lengthening of the estroug cycle primarily based on the increased
number of days in estrus. Earlier oneet of' galactocele formation
was also demonstrated at the high dose level (400 ppm) and an
-earlier onset of mammary tumors with no increase in the overall
incidence at study termination was reported. A hormonal profile
revealed that plasma estradiol levels were slgnlflcantly elevated
at three months, only. Other hormonal data were unremarkable and
the prolactin data during the first two sampling . 1ntervals were’
hemolyzed. - . . o ,
Based on this artlcle, Sprague Dawley rats’ develop mammary tumors
spontaneously as ‘a part of the aging process and the response at
the dose levels administered in this study wasg expected. The
reproductive aging process is different in Fisher rats and much of
the endocrine control of ovarian function as observed in Sprague
Dawley rats is not clearly evident in the Fisher strain.

Discussion of the Data: The MTD issue and ite relevance to mammary
tumor formation is discussed in thig article and has been addressed

elsewhere in this docdument and in prev1ous Cancer Peer Rev1ew
documents , ‘

In these studles body welght gain appears to be. the only parameter
affected and only at the hlghest dose level in Sprague Dawley rats
(15% decrease at 400 ppm) Other gtudiesg conducted with higher

- 20



HEIj Records Center Series 361 Science Reviews - File R052391 - Page 20 of 27

doses (500 ppm) did not demonstrate an exaderbatlon or increase in
the c¢linical. signs; however, - tumor incidence, gpecifically
adenocarcinomas, was smgnlflcantly increased above concurrent’ and
historical .controls.’ : i

The - hormonal data are lnconslstent 'with no patterns - being.
.established throughout the gtudy. Addltlonally, at terminal
sacrifice, there was an inadequate number of animals to make a
meaningful assessment of the results.

2. Short Term Effects of Chlorotr1a21nes on Estrus in Female
Sprague Dawley and Fisher 344 Rats '
MRID 43598614 .

“Thls paper summarlzed ‘the results of a 2 week study in which
“atrazine and simazine were administered daily. by gavage for two
weeks to groups of Sprague‘Dawley and Fisher rats. 'The dose levels
were 0, 100 or 300 mg/kg. - The study was conducted to examine the
effects of the compounds on ovaries, uterus, and adrenals, estrous
" cycling, vaglnal «cytology -and hormonal levels. . The results
. discussed in thig entry will pertaln to atrazine only.

Slgnlflcant effects (reductlons) in body. welght were presgent in
both straine at 100 (14%, Sprague Dawley) and 300 mg/kg .(26%

Sprague Dawley) along with significant reductions.in absolute and

relative ovarian and uterine. weights (p <0.05). Absolute and
relative adrenal weights were increased. Plasma hormone levels
-were assegged in proestrus and revealed a marked decrease in
estradiol at' 'both . dose levels, . significant increases in
‘progestercone rat 300 mg/kg, . slight and insignificant increases in
prolactin at 300 mg/kg and a decrease in mean corticosterone levels

at 300 mg/kg in Sprague dawley rats. In Fischer 344 rats, none of - -

- the hormeones meagured, estrogen, progesterone, prolactin 'or
cortlcosterone, were altered by the administration of atrazine.

."When both atrazine groups of Sprague Dawley ratse were compared to
the control groups, there appeared to be a slgnlflcant increasge in
cycle length. This was characterlzed by an increase in the length
of time spent .in estrus and a decrease in the amount of time spent
_ in diestrus. The time spent in estrus was confirmed by an increase

in the number of cornified and nucleated cells at.both 100 and 300
mg/kg. -No changes in cycle phases were reported for Fischer 344
" rats. ' CL ‘ ‘ '

Discussion of the" Data: It is noted that this study examined the

effects of both atra21ne and . simazine. Interestlngly, when the
. control groups are compared to each other, there is a degree of
_varlatlon that suggests that some of the findings and conclusions
made in. thls study did not take into account the variability within
the spec1es For 1nstance, the control value ' for the number of
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days spent 1in a estrus was 4.2 + 0.4 days for the concurrent

atrazine control and 4.7 + 1.0 day for the concurrent simazine
control. . Furthermore, with a study of only .2 weeks duration,

.conclusions pertaining to an increase in cycle length and hormone

levels based on a single proestrus sampling, would be premature.
.The duration of the study would be ingufficient ;to determine

whether the results represent. an inconsequential finding in the
‘data or a real pattern associated.with the administration of the

‘compound. - ‘ r C S

3. Rat Tumorigenesis: Relevance of Hormonal Imbalance to Doge .
. Selectjon (a paper, presented by Jim Stevens, Ciba Geigy)
'~ MRID 43598613 oy ‘ C ‘ '
Jim Stevens, a toxicologist with Ciba Geigy Corporation; presented
a paper in which he discussed 'the mechanisms of hormonal imbalance -
and the wmechanisms which .may be involved in, mammary tumor.
pathogenesis in rats. The paper suggested that imbalances in
- hormonal levels involve either blockade of hormone synthesis or

- secretion, interference with enzyme systems or competition “with

receptor sites. Hormones are under the ¢ontrol of the hypothalamus
and the pituitary and may serve as switches that bring about a’
‘response. These hormones may also increase tissue susceptibility
to compounds which aet as initiators. The paper touched on the
importance of binding. for hormonal responsiveness and. mentioneéd.
that prolactin leveéls influence the number of estrogen receptors in
mammary tissue and @ estrogen levels .affect the number of
progesterone receptors in the liver. S

The ©paper, discusses and highlights the differences in the
. reproductive hormonal make-up of aging Fisher 344 rats as compared
"-to aging Sprague Dawley rats. . In Sprague Dawley rats, senescence
is marked by a decrease in FSH, estradiol and progesterone and an
increase in prolactin. An increase in the length of the estrous
cycle followed by acyclicity also occurs.with aging in this strain.
In Fisher rats, reproductive aging is:characterized by an increase
in progesterone levels and the existeénce of a state of
pseudopregnancy. Galactocoeles, which are considered as markers of
prolactin exposure, .are more prevalent in ~aged Sprague Dawley
strain than in the aged Fisher strain. . :

‘in‘hislpapgf, Stevens asgerts that the mammary tumors obgerved with
atrazine in Sprague Dawley rats are. dn over- dose phenomenon and
occur only when-the MTD is exceeded. . ‘

: Digcuasion»of Data: It shéuld be pointed that the only signe of
toxicity with:' atrazine were a reduction. in body weight and _an'
increase in the incidence of mammary tumors at the dose levels
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examined. Nothing else suggests an overt toxicity that would bring
about other physiological changes and result in tumor formation. °
The paucity of clinical signs of toxicity in Sprague Dawley rats at
dietary doses up to and in¢luding 500 ppm have been demonstrated in
the four long-term sgtudies cited on pages 8 through 12 of this

weight of the evidence  document.

If hormones are acting as ‘"switches", further examination of
. effects on hormonal imbalances such as ‘a disruption in the ratios
‘of one hormone to another should be examined. - Some of Steven's
propogals have already been refuted, specifically, the blockade of
the synthesis of estradiol. The effects of.other hormones on the
carcinogenicity of atrazine have not been fully investigated nor -
have -the effects on, or -the role of the ‘hypothalamus been’
gufficiently examined. Interference with transforming or
metabolizing systems glluded to in the Stevens paper as a pogsible .
mechanisim for the production of mammary tumors, has also not been
‘investigated.r ' , S ' :

4. Evaluation ¢f a Hormorial Mechanism for Mammary Carcinogenesis:
- Consensus Panel Report . ‘ " ‘ : ‘
MRID 43598620

This document provided a basis for conclusions reached by an
independent group of gcientists, convened by the registrant, with
regard to a,mechanism for carcinogenesis and the additional areas
where studies would be needed to account for the influence of gex,
species and strain. The panel addréssed the suitability of the
Sprague Dawley rat as a model for evaluating mammary cardinogens
and ' concluded that the strain was inappropriate because of the
. endocrine processes that take place in the strain as it ages.

With regard to an 'age based mechanism, the panel concluded that in
the Sprague Dawley, reproductive .senescence is characterized by a.
persistent elevation in the hormones prolactin and estrogen.. In
affected animals, a persistent estrus exists and is due to an
ovulation failure. The panel also believes that atrazine disrupts
the LH secretory mechanism in Sprague Dawley rats resulting in an
,acceleration of age related endocrine problems and a -high
background incidence of mammary tumors. ' : ‘ -
Baged on their proposed mechanism(s) of action, the panel suggested
additional’ studies, primarily to determine the effect of LH on
tumorigenic response in general and the effect on mammary tissue,
‘specifically. References are made within the document to the high -
level  of -exposure, not just' to atrazine, .but to other
chlorotriazines and to the neurcendocrine regulation ..of .
~ reproductive aging. ' : - S : ‘
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Discussion of the Data: Many of the assumptions made by the
technical panel have now-been demonstrated to some degree; others
have been refuted (induction of estrogenic responses, initially
believed to be the mechanism of carcinogenicity). "With regard to
neuroendocrine aging, no studies providing a comparison or contrast
of events in normal aging animals .and in those receiving atrazine
have been 'conducted. Suggestions that a threshold mechanism
exlsts are plausible; however, it is confounded by the fact that in
at least one study in Sprague Dawley rats, an increase in mammary
tumor 'incidence was present at 10 ppm and in another study, an
increase was apparent at 70 ppm. - ‘

As - indicated in the report, atrazine does not. appear to have 'a "
significant stimulatory effect on 'estrogen secretion; effects on
prolactin remain obscure. '  With regard to the .studies that were
. suggested by the panel, the results are now in and add some clarity
to the panel’s proposed mechanism with regard to the effects of LH
on premature aging, The correlation between these effects and:
mammary tumorigenesis still needs to be demonstrated.

c.. Other‘Pfopbsed Mechanisme

1. Hypothésized Pituitafyr-Hypqthalaﬁic Effects i
Ultrastructural Changes in the Rat-Hypothalamus Arcuate
" Nucleus following DACT Feeding ) ‘

MRID 42598616 '

‘Sprague Dawley ratg, 20 weeks of age were fed DACT, a metabolite of
atrazine, at dose levels of 0 or 1000 ppm. The study was conducted
Lo test the theory that estrogens enhance hypothalamic structural
'gligeis. In cases of neuronal degeneration .(etiology undefined),
it has been proposed that the astrocytes and microglial cells
enlarge and accumulate dense bodies. The degree of enlargement and
~granular gontent are used as indices of hypothalamic damage. Glial
activity has been observed in the arcuate nucleus of the
hypothalamus, the region that plays a role in the secretion of
- gonadotropins. It is -also speculated in this report that the
ultrastructural pathology reported in the hypothalanus may possibly
be related to stimulation .of endogenous peroxidase activity which
has been reported to occur during periods of prolonged estrus.

In this study the granular content in astrocytes was increased by
4% at week 32 and by 36%.at week 48. The microglial cells were
increased in number at both weeks 32 and 48; however, the increases
were not significant and the microglial cells were not classified
as reactive’ (meaning theéy ‘were not enlargéd and did not contain
.dense bodies).. . C ’ ‘
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Discussion of the Data: An evaluation of the results showed that
the granular content of the astrocytes was not homogeneous and that
the- microglial <cells, although increased in number, were not
considered reactive cells analogous to those which have been
' reported in cases of neuronal degeneration. The results of this
study-as they pertain to the effects of the atrazine metabolite,
DACT, are ambiguous and the contribution of the changes obgerved in
the hypothalamus to the 1ncreased incidence of mammary tumors in
Sprague Dawley rats would need to be more thoroughly probed and
correlated o

2. Additional Information.on‘the Carcinogenic Potential of Atrazine

‘Weight of the HEvidence on the Oncogenlc Potential of Atraz1ne
Consensus Panel Report _ ‘ .
43598624 i

' The consensus panel report from a group of independent scientists
who were convened by Ciba Geigy concluded the follow1ng with regard
to the: carcmnogenlc potential of Atra21ne

. Atrazine 1nduces adenocarc1noma in Sprague'Dawley rats and

. acdcelerates the onset at doses greater than or equal: to the

- MTD, with the exception of one study where increases in
mammary tumors were observed below the MTD. This could not be

reproduced in additional studles conducted.at the same dietary
level.

Atra21ne is negatlve for carolnogen1c1ty in male Sprague

Dawley rats, in both gsexes. of Fisher rats and in both cexes of
CD-1 mlce -

Atra21ne accelerates age related reproduotlve changes in
Sprague Dawley rats causing a state of constant estrus
(prolonged estrogen exposure) albeit atrazine has not been
- demonstrated to be estrogenic by in vivo and in _vitro tests.
The female Sprague Dawley rat: is not considered to be a good
model for mammary tumor lnductlon in ‘humans because of the

differences in reproductlve cyollc1ty between the 8D rat and
human females.

Atrazine was not .congidered to be genotoxic in 31/37
mutagenlolty studies. The remaining 6/37 studies were
considered elther positive or equlvooal

Atra21ne is, completely absorbed and rapidly eliminated via the
urine, Dealkylatlon ig the major route of metabollsm and the
prlmary metabolite is DACT.
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Atrazine is structurally related to simazine in that it contains a’
zfchloro-4,6—bis-(alkylamino)-s—triazine ring and both have been
asgociated with the formation of “mammary tumors (increased
incidence and early onset). The panel report states that atrazine
at doses of 400 ppm or greater accelerates senescence in female
Sprague Dawley ratsg and is characterized by an increase in' serum
estradiocl levels, early onset of constant estrus and ovulatory .
failure. Changes in mammary histomorphology appear to be
agsociated with an imbalance of endogenous estrogen and not caused
by an exogenous source of estrogen -

Dlecusslon of the Data: The consensus panel sugéeeted a mechanisgm
for the development of mammary tumors in Sprague Dawley rats;
however, the possible influences of the hypothalamus are not
investigated thoroughly or followed in this report. The effect of
. atrazine on the ability of LHRF (GnRF) to evoke a neurchnal response
has not been addressed. Furthermore, it has been stated that there
is an age related decline in estrogen receptors; however,  this.
phenomenon has not been - correlated with. the decline in
neuroendocrine control of the estrous cycle. The panel report has
"alluded to the possibility that a neurocendocrine component exists
.in . the development of mammary tumors :

in the neurcendocrine scheme of aglng the follow1ng geries of
events are belleved to take place:

Under neurcendocrine control female Sprague Dawley rats lose their .
ability to ovulate. This leads to an increase in the secretion on
' estradiol. New follicles are formed but, because ovulation is.
impaired, there is a decrease in thé number of corpora lutea formed
and a decrease in. the progesterone level. The balance between the
progesterone/estrogen act1V1ty is shifted, with estrogen becoming
the more persistent hormone., 'This estrogenic persistence. leads to
overstimulation of estrogen responsive tissues.such as the uterus,
mammary gland and anterior pituitary. 'Estrogeénic effects on the
anterior pituitary would lead to prolactin secretion that would in
turn stimulate the rate of growth of existing mammaxy tumors.

While portions.of the different mechanisms of carC1nogen1c activity
have been examined, they have not been proven, correlated or
reproduced with a level of confidence that would rule out all other
feasible mechanisms. The LH studies, while providing possible
explanatlon as to the affect of atrazine on LH, still have not been
tied in with the development of mammary tumors in one complete
study. It is possible that the carcinogenic effect of atrazine may
lie in 1te ability to promote phenotyplc expre551on of mammary
cancer in a sensitive gtrain or species. It is also possgible that
the mechanism is not a 51ngular, trlggerlng 1nc1dent but a series
of events. .
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Within the consensus panel xeport there was a comparison of
reproductive sehescence in humans and rsats. The emphasis should
not be on eventg related to aging: across species, but rather the
potential for this compound to cause or be associated with the
development of cancer over the lifetime of a human. A factor for
consideration in the risk equation, when extrapolating from rats to
- humans with regard to breast cancer, is the paucity of information
on hormonal -disruption and the impact of any such disruption during
various stages of development in humans. Additionally, - the
etiology of human breast dancer is for the most part unknown.

‘Mammary cancer lg hot. a concern solely in aging humans, but a
concern over thé lifetime of an individual and specifically during

periods when hormonal equilibrium is disturbed (i.e. menarche,

’pregnancy,.lacta;ion and menopausge) . - : '

The studies conducted in Sprague Dawley rate at doge levels up to
and including 400 ppm have not demonstrated that atrazine has overt
gystemic toxicity. Furthermore, doses between 70 ppm and 400 ppm
‘were not investigated in Sprague Dawley rats as they were in Fisher
344 rats go it ig not clearly established that the signs of
‘toxicity (welght loss, decreased tumor latency) observed at 400 ppm
would not have occurred at dose levels between 70 and 400 ppm. A
table providing dose response information from Jlong-term and
intermediate term studies is attached. ' T

6. ’Metabolism 

When Cl4 1labelled . atrazine was administered to' rats, the

distribution was found to be dose dependent and to follow first

order kinetics. ' Red blood cells stored the highest level of

atrazine, followed in decreasing order by the Iiver, kidneys,

ovaries, pituitary, brain, and the pectoral region of the

mammarieg. The half life of atrazine in the body was' 1.61 days,

with 95% of the administered dose beéing excreted within. 7 days.
‘Atrazine is metabolized primarily by N- dealkylation. The compound
,is eliminated by both the urinary and fecal routes.

7. Structure Activity Relationship (BAR)

Atrazine is an s-triazine pesticide and isg reélated to sgimazine,
cyanazine, propazine, terbuthylazine and terbutryn, all of which
have been associated with the induction of mammary gland adenomas
and/or adenocarcinomas in Sprague Dawley rats. Terbutryn has also
been agsociated with carcinogenicity involving the thyroid and the
liver. The structures for the chemicals are attached (Attachment

4, Figure 1). - . ‘ | : - : :

In a report dated January 17, 1991 which addressed the SAR analysis
‘of sg-triazine pesticides and related compounds,. it was stated that
.the carcinogenic activity of any<giv§nﬁswt;iazine was dependent on -
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<.to simazine, cyana21ne, propazine and- terbutryn, all of which have

been associated with the induction of Mmanmary gland adenomas and
/or adenocarcinomas in ‘8prague Dawley rats.

¢

Based on the information presented, the HED Cancer SARC is -asked to

address the‘following:

1, Has a hormonal mechanlsnn for mammary carcinogenesgis been
ed for atrazi Sprague Ddwle rat ? —~
el ne in Spragus Davley race? - e
2. In the studies in which a. poeltlve carc1nogenlc response h . an'
been demonstrated has the MTD been exceeded? -~ oletiny v
3., Is 1t llkely that car01nogenlc effects cbserved in Sprague a
Dawley rats ngld net be expected in humi?s? No reasm Fo laafiawt. Hhad
B SRV, il hor  gupan  prsratnen . We, e nip MMMW%
nwwﬂ*“t %—mh@héh—ﬁhew@heorres ' ~ave—beer—preagented—omrthe
cort™ pegaitbte—lrormomrs t of CarCiuugcucﬁLS —ramr—uther - -

W ' mac-hm&sme%medes erf—gotiom wc e UL.T.L.'

,ﬁ-mwhae—ﬁ—terﬁmm"for z

agzizzgszazggggggggggzjzggpropr1ate It TheYe lS N tnreshhn%dwand_a“_,
p E 1sm?

Rsk Agse,eimml’; .
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