SR . o }/ PO Ligrons |- 287

(D STy,
w\)“‘ o
: £n |
2 7 ¢ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
%, G
@,4( Pgo“’—(} WASHINGTON, D.C. 20460 005 Pér‘g“‘eti
N ~<éﬂ§:££2:ﬂ5§f:l .
- PEST OFFICE OF
AEMORANLDUM IClpEs AND TOXIC SUBSTANCES-

SUBJECT: bSpecial weview Submission on Hormonal Etfects of Llnuron, Caswell 528;
' EPA L.D. % U35500; Project 7-0134; kecora No. 183738

Tu: Micha=l Mcbavit, keview Manager A ‘ ;
1 Special Review branch (Is=767C) , /
and . ' , f
.Ropert Taylor, PM #25 S /

Registration Livision (TIS=767C) ’ ;

e
™
e

James N, Rowe, Ph.D. ‘ ' -mlo/(’l'/‘)""’ﬂ’ K
Section V, Toxicology Branch A — 17 i / _
Hazard Evaluation Division/HED (TS-769C) 121187

THRU: - Laurence D. Chitlik, D.A.B.T. <i /iu*, ' . \\\
Section Head, Section V o 2 1=2i/87 .
“Toxicology Branch/HED (TS-769C) ‘ ,,,fg

4 l l/v166[?/ B
) an ‘ ,1‘ ’L(g
Theodore M. Farber, Ph.D. - & i[¢
Chief, Tox1coloqy Branch/HED (TS-769C)

ACTION: Review of Dupont subm1551on, "Biochemical and Pathological Effects of
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CUNCLUbIUNb/KECCMMbNUATIONS:

The biochemical ana histopatholoyy data presented in this submission suguest
that linuron may atfect testosterone metabolism in horse testicular nicrosomes
tor a range of dose. levels (50-5000 uM = 11-110U mg) which overlaps tfie dose
levels experienced by rats exposed chronically (0.75-37 ng/ky p.wt). However,
the net ettect ot these enzyme changes and the relevance to the rat in vivo is
uncertain. Evidence in youny and older rats exposed repeatedly (3-7x) or for o
or 19 months suygests tiat Leydig cell incubates are dirrerenticelis alcsres
thelr sensitivity to increasing doses of lutelnizing normons (L9 13011070
stlmulate testostercne sS2Cretion) wWitn tne repeate) —7 o
ron at the intarmedlate dose lavels produclng an anparsnt nvper
£o Ll as opposed to tie nyperactive response Of tne Levqlq LQlLS to Ld 1n the
chronlc hloh cose malss.  nile these blocherucal eifects are wortny of note,
they are not u2ilnitlve in nature, i.e., they do not concluelvely shou cause—and-

effect.
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These data are scientitfically acceptable. No recawmendation is made at this
time. The reviewer will request that the Toxicology Branch Peer Review Cawrnittee
evaluate these uata in relationship to the general oncoyenicity issue tor linuron.
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DATA EVALUATION RECORD

STUDY ‘L'YPE: Biochemical and histopathological tindings under a variety ot
conditions of linuron administration

CHEMICAL: Linuron [v3—(3,4—dichlor0phenyl) methoxy—-l-methylurea]; CAb 33U=55-2
TEST MATERIAL: Linuron (INZ-326); purity 94.5%; material submitted by John C. -

Summers, Agricultural Products Department, E.I. du Pont de Nemours and Company ,
Wilmington, Deleware 19898 : '

STUDY I.D.:

1. Title: Biochemical and péthological effects of linuron in selected
tissues of male and female rats :

2. Laboratory: Haskell Laboratory for Toxicology and Industrial Medicine,
Newark, Deleware '

3. study #: Haskell Laboratory Report No. 643;867 MR No. 4580-001
4. Date ot report: OUctober 6, 1986 |
5. Study director: Timothy P. Pastoor, Ph.D.
b. Caswell # 528; Accession # 2bb422; EPa 1D § V35506
CONCLUSIONS:

In conclusion, the biochemical and histopathology data presented 1n this
submission suggest that linuron may attect testosterone metabolisa in horse
testicular microsames for a range of dose levels (5U-5000 uM = 11-110U my) which
overlaps the dose levels experienced by rats exposed chronically (U.75-37 g/kg
b.wt). However, the net eftect ot these enzyme changes and the relevance to
the rat in vivo is uncertain. Evidence 1in youny and older rats exposed repeat-
edly (3-7x) or for 11 or 19 months suggests that Leydig cell incubates are ditfte-
rentially altered in their sensitivity to increasing doses of luteinizing hor-
mone (LH) (ability to stimulate testosterone secretion) with the repeated or
chronic exposure to linuron at the intermediate dose levels producing an appa-
rent hyporeactive response to LH as opposed to the hyperactive response of
the Leydig cells to LH in the chronic high dose males. Ihille thess ticcnsn.-
cal effects are worthy of note, they are not definltlve Iin Na&turs .= e

do not conclusively show Cause—anc—2IIec: T EnmLLe T NTTES LI LLval s

has also produced liver 20enCmas 1 MaLlS and remals GTI1CE TOLITW ING ChIONLI 20—
ministration in the diec. Wiether TNls 1S related Lo hormonal aiteratlons 1s
unknowne

This data is considered to be sclentifically acceptable.
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METHOLS ¢

A photocopy of the materials and methods from the report (pages 20-25) is
attached. The studies performed 1n this report are of an experimental. nature and
are not described in the 1982 EPA Guidelines for pesticide toxicity assessment.
Therefore, these studies will be evaluated 1n terns of their scientitic rele-
vance to the issue of linuron's potential oncogenicity and will not be given a
Core grading.

RESULTS:
1. Leydig cell sterdidogenic enzyme analyses
/7

[14C]—Labelédvsubstrates (50 uM) for various testicular steroidoyenic en-
zymes (arcomatase, 17-2VU desmolase, 3-B-hydroxysteroid dehydrogenase/isomerase,
17-hydroxylase and l7-ketosteroid reductase) were incupated in vitro with horse
testicular microsomes in the presence ot incubation concentrations of 0, 0.5,

5, 50, 500 and 5000 uM of linuron, des-methyl linuron, hydroxy-linuron, nor—deme-
thylated linuron and des-methyl-hydroxy linuron (see attached Table 1 from p. 42
of submitted study}. .

Linuron produced statistically significant eftects on enzyme activity at 50V
and 5V000.uM for aromatase and degmolase (decreased activity) and reductase (in-— ’
creased activity). Hydroxylase was statistically significantly lower at the high
dose of 5000 uM. Nonstatistically signiticant changes for all tne enzymes at
lower doses (primarily 50U uM) are consistently suggested by the data: arcomatase
(14%/50 uM), desmolase (16%/50uM), isomerase (15-20%/all concentrations), hydrox-
ylase (around 1l0% at all doses except high dose) and reductase (2U%/5U ut).

Examination of the enzyme activity ot the other metabolites of linuron in-
dicates a variable response. Des-methyl linuron significantly decreased the
conversion of labeled testosterone to estradiol 17-B by aromatase only at the
high dose of 500U uM with no other apparent etfects on the steroidogenic enzyme
activity. Hydroxy-linuron had no statistically signiticant effects on the enzy-
matic conversions of labeled substrates. In contrast to linuron, nor-linuron
appeared to significantly alter enzymatic activities only at the high dose  for
all enzymes except isamerase where statistically significant etfects {increases
or decrease were observed at 50, 500 and 5U00 uM concentrations). Finally,
des-methyl-hydroxy-linuron generally produced alterations in enzymatic activity
for aromatase, desmolase (decreased), and lsorerase (increased) at the >UU anz
5000 uM concentrations but only at-the high dose for-hyoroOxyiass 2Nl Jslo oiss
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2. Testosteroné metabolic clearance rate

A summary of the testosterone clearance data is presented below (taken from
p. 106 of du Pont report): ) : :

: Infusion Testosterone conc. (ug/dL) at various sampli%g times(min) MCRP
Group rate(ug/h) U = 30 60 90 120 1s0 180 60-180 (ml/h)

control? 3 71.4 137  34l.0 337 372 200.0 233 297(75.3)8
: 4.5 257 25L.0 40l *  306.0 256 304(63.6)
99.0 365 249.0 298 361 316.0 3U8 306(40.1)
51.6 238 304.0 290 x * 0 297( 9.9)
. 30.5 26l  297.0 325 370  353.0 288 327(35.2)
mean value: dl.4 751.6 288.4 33U.2 307.7 293.8 271.2 3Ub(i}2.3)c 9380

testos. 3 184.U 04 491.0 679 303 170.0 375 404(193.0)
73.5  2b6 335.0 353 376 523.0 467 4l1( 8U.7)
71.5 365 279.0 223 - 231 294.0 292 204( 34.2):
16.0 lol 256.0 253 324 ©322.0 399 311( 6U.0)
*

16.0 32 59.5 * 73.8 277 120( 92.9)
. 25:4 175 299.0 337 350 267.0 298 296( 49.8)
mean value: 64.4 282.2 274.9 369.0 316.8 330.0 343 301(1}07)C 997
control 6 73.5 1150 823.0 1ue0 970 1040.0 1230 1025(147.7)

210.0 567 584.0 553 705 649,0 684 635( 64.9)
173.0 - 564 562.0 829 742 779.0 855 753(1l5.6)
40.8 427 564.0 522 373  481.0 447  477( 73.0)
55.5 643 716.0 1090 944 1370.0 245U 1314(677.9)
_ * 335 330.0 236 370 413.0 717 413(181.2)
mean value: 110.6 614.3 596.5 715.U 684.U 783.7 1U63.8 769(+344)C 780

" testos. 6 26.1 467 576.0 643 652 618.0 622 622( 29.5)
49.9 408 - 623.0 656 825 660.0 - *  691( 90.9)
41.0 512 626.0 436 528 637.0 557 557( 81.6)
39.6 415 569.0 570 612 931.0 bld 659(153.5)
33.9 441  584.0 559 598 578.0 633 590( 27.6)
53.3 588  343.0 341 eue  737.0 510 507(171.1)
mean value: 30.7  471.8 501.8 534.Z2 636.8 ©93.5 587.2 6U5(+67.4)C 992

T mean (5.D.); PMCR = metabolic clearance rate (calculated by dividing the intusion
rate of testosterone by the mean plateau concentration): Smean platesa. cons=r-
tration for 60-180 minutes; * report stated LESLOSLercile COuLa NLT L2 measilis- .
these samples; T each value represents ° 7 LnILviionl AOIIEL

Male rats were aaminlsteraQq. L1NUTon (4uy MG/ Ry DewWle) IOZ elght aays, castia-
ted and then ‘infused with testosterones at 3 and o ug/hour ( see summary tanle
apove and attached figure 1 trom p. 7U of au ront report). Based on a rough mean
plateau concentration of 3Ub(i;2.3)(controls) and 301(+107) (Linuron=treated) 1in
the 3 ug/hour testosterone-intused animals at ‘6u-180 minutes, no ditference in
the MCR (metabolic clearance rate) was apparent (i.e., 980 vs 997, respectively).
At the higher infusion rate of 6 ug/hour testosterone, there was a higher mean
plateau concentration in the controls as opposed to the linuron-treated rats

(769+ 344 vs 6U5 + 67.4) which gave a higher MCR for the compound-treated animals

| ¢



(780 vs 992, respectively). However, as pointed out by the authors, there was a
wide divergence in the individual animal testosterone concentrations measured
resulting in a large standard deviation for the 6 ug/hour controls. Thus, linuron
(200 mg/kg b.wt.) administered in the diet for eight consecutive days does not
appear to atfect the metabolic clearance of infused testosterone in young adult
male Crl:CL® BR rats castrated following camound treatment. '

3. Lleydig cell response to LH (luteinizing hormone) stimulation

‘ Two trials were performed to evaluate the responsiveness of rat Leydig cells
incubated in vitro in the presence ot luteinizing hormone (LH) fram "young" (<3

month old), "old" (approximately one year) or Fyp rats (1l months old = Trial

1; 19 months old = Trial 2) derived fram the multigenerational reproduction

study. In Trial 1, "young" and "old" rats were dosed for three days at 2UU mg
linuron/kg b.wt./day and in Trial 2, for seven days at the same dosage. Also, in

Trial 1 only Fyp control and high dose (625 ppm) group testes were evaluated

as compared to Trial 2 where testes from all dose levels (U, 25, 125 and 625

ppn) of the Fyp, male rats were investigated. The data are presented in Figures
2a-C (Trial 1) and 3A-C (Trial 2) photocopied from the report.

In Trial 1 (Figures 2A-C), there appeared to be a ditference. in the response
of the “"young" versus the "old" rats to LH. There was no apparent difference in
the response of the "youny" control or treated animals to LH in secreting testos—
terone. 1In the "old" rats, however, the controls appeared to be more responsive
than the treated animals, both in terms of maximum response and relative potency
of the response. In contrast, the chronic Fpy treated Leydig cells were signi-
ficantly more responsive to hormonal stimulation by LH than the chronic control
Leydig cells with a roughly four-fold greater maximal response. :

In Trial 2 (Figures 3A-C), there was a consistent shift to the right or the
dose-response curve, i.e., a decrease in the responsiveness of the Leydiqg cell
incubates to LH for “young" treated rats as conpared to the "young" controls.
This decreased responsiveness of linuron-treated animals was even nore evident
in the "old" treated rat testes as comared to the controls where, as noteu 1n
Trial 1, the maximum response was significantly less (three-fold less) ana tne
relative potency was signiticantly less. In the chronic Fyp rats (19 months
old), the control and low dose (Z5 ppm) rat testes had a moderate response to
LH, the intermediate dose (125 ppm) was minimally responsive put the high acse
group (bZ25 ppn) was-signiticantly greater with a roughly three-told greater
testosterone secretion at the highest dose level of LH as canpared toO the 2tn~
trol leydiy cell preparation. The two Lriais are Ieasonably ConSisSTent LT
with a preliminary conclusion that thers ars duses 200 LIDe-relaltst STIET
linuron upon the SenNsltivity OL F&T L& /il. weo.r oo ATiihaddeoon o =

4. Clinical, uross ana histopathology IlnUings, etc.
a. Fooa consumption, food etriciency

Mean daily tood consumption data tor the Fpp male and female rats were pre-
sented in Tables 10 and 11 of the report for days U-98 and 519-526 (males) or
'533-540 on test. The individual data were not submitted, but based on data
tables presented, mean daily diet in males appeared to be similar in all dose
groups except tor the high dose which was soewhat lower, e.g., control values
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at days 519-526 = 28.1g vs 21.8g. All temale values were generally similar. On
the basis of mean daily food intake at the latter period, the mean daily intake

of linuron was calculated to be U, V.75, 4.1 and 22 mg linuron/kg b. wt. in

" males and U, 1.1, 6.1 and 37 mg linuron/kg b.wt. in females. Based on the

limited data, especially for the later time periods, it is not possible to deter—
‘mine the significance of the food efficiency data. For males, at the 519-526

time period, the mean food efficiency (g wt gain/g diet consumed) appeared to be
diminished at the mid and high doses (U.014/control, 0.037/1ow, -0.011/mid, and -
0.002). The female data at 533-540 was quite variable, i.e., -0.026/control,
0.020/1ow, 0.005/mid and 0.023/high dose. ,

b. Body weights, clinical signs

Mean body weights for F1p and Fpp male and female rats are presented in Fi-
gures 4 A, B and 5 A, B (pages 73~76 of Dupont report). There was a statistically
significant depression in mean body weights for F)p male and female rats at the
high dose level during days 469 to 708 (p<U.US); and a statistically signiticant
depression in the female body weights for days 54U-596 on test. For the Fyp male
and female rats there was also a statistically signiticant depression in mean
‘body weights at the high dose level (p<V.Ub5) for days U=-533 (no high-dose group
male rats remained on test atter this day) for males and U-7U9 days for remales.
As with the F|p temales, the mid dose yroup mean body weights ot the Fpp temales
were also signiticantly depressed from day 0-554 on test (p<U.U5). ’
‘ Examination of the clinical siyns data (Flps Fip male and female aata) did
not indicate any unusual tindings except for a statistically significant increase
in alopecia in the Fyp female rats at the mid and high dose level (see below):

bDose group (ppm)

study group 0 : 25 © 125 625

- Fyy, females 7 (225)8 8 (469) - 11 (225) 11 (225)
Fop males 6 (582) 9 (652) 12 (519) 4 (428)
Fop females 9 (245) 12 (344) 17*(302) 19 (302)

T the number preceding the parentheses indicates the nunber of rats within each
group exhibiting the sign; the number within the parentheses indicates the median
days-on-test when the sign was first observed; there were 20 rats/group at the
study start; * statistically significantly different fran controls by the Fis-
her's Exact Test with a Bonferroni correction (pg 0.U17)

The F1p females and fyn males also appeared to nave 2 sS1ilgnT 10 NQIRTALR LNIYEsss
in alopecia (not statisticaily S1gnliilant
C. GrosSs and mlCroscoplc patnology : ) -

There was an apparent increase 1ln the numder ot small or discoloreu testes
in the high dose P}, OF by males as compared to the control males (3/10 small
and 5/ 1U discolored testes 1n high dose Fp vs 5/1U small and 1/1lU discolored
testes in controls; 4/7 small testes 1n high dose Fyn vs U/LU in controls). Mi-
croscoplc examination did not appedr to reveal any unusual atrophy of the testes
as compared to the control testes. » ' ' ‘



Two uterine adenocarcinomas (1/9 in Fyp and 1/20 in Fy,) and one squanous
cell carcinoma of the cervix (1/20 in fyp) were reported in the high dose group
females. These tumors were stated in the pathology report (p. 82) to be "...
uncommon in aged Crl:CD¥:BR rats at Haskell. Of 40U recent control females
assigned to Z-year tests, no uterine adenocarcinorus or cervical syguamous cell
carcinonas were opbserved, although poth tumors were seen in various treated-
group rats on most ot these studies. 'lhe incigences ot these tumors in this mul-
tiyeneration test, however, were not statlstically significant (alpha = U.05,
Fisher exact test) when compared to the study controls. In addition, noO uterine’
adenocarcinomas or cervical sqguamous cell carcinamas were tound in any of the
rats on the previous Z-year study ».." :

Additional selected histopathology tlndlngs are presented on the tollowing
pages. Interstitial cell adenomas and hyperplasia were primarily observed in
linuron-treated males of both generations as campared to the controls. Combining
the data from both the F}p and Fpp graups turther supports this finding for the
mid and high dose levels {i.e., for adenomas, control 1/19 (5%) vs mid = 6/25
(24%) and high = 2/16 (12%); for hyperplasia, control = 2/19 (11%) vs mid = 7/25
(28%) and high = 3/16 (19%)]. In most instances, the adenomas are associated with
hyperplasia. The lower incidence in the high dose group is probably due to the

]

_more limited number of animals available for histopathological examination.

Thirteen of the male rat testes were utilized in the testosterone assay and many .
of the rats died several months prior to final sacrifice. The death of the-
animals prior to final sacrifice may have obscured the testicular changes which
might have been expressed in that tissue if the rats had survived longer. These
observations are consistent with the findings in the 2-yea; chronic rat stuay
where a statistically 81gn1f1cant, dose-related increase in testhular adenamas
were observed.

For the Fjp and Fyp temale groups, the combined data lndlcateo a dose-related

"increase in cervical endometrial hyperplasia (control = 0/28, low = 6/30, mia = 9/23,

13/29) and a increase in cervical cystic hyperkeratosis of the high dose yroup as
compared to the controls (control = U/23, low = 1/3U, mid = 1/29, high = 7/239).

As with the male findings, these changes are consistent with the tindings 1n the
temales of the 2-year chronic study where uterine encdometrial hyperplasia was
observed 1n the high dose group (625 ppm). The dose-related increase in cystlc
endametrial hyperplasia suggests that the NULL tor this eftect is possibly pelow
25 pm although the limitations ot the study, i.e., 1n terns ot study desiyn and
animal numbers, make this uncertaln.

DISCUSS ION/CONCLUSTONS :

The authors of tnis SUZRISSION Nave SUdIsSIiv. o mECsnaAnism oL agtion
for the oncoganlc respunss oI YaTS 82 LINUWIOr 13 Tellitod Lhrousn an i =Tokd
the hypotnalam1v~oluu1tavw/ca:tes teeapack loop for lutclanIDQ hormone (LH),
i.2,, linuron-inquces 2.0274artlons 1n the teedback loop that increase LH procduction
may lead to Leydig cell hyperplasia and adenomas. They have further proposed that
there are four mechanisms which could account for an increase in LH including:

1) androjen resistance: linuron blocks hypothalamic Vecoqnltlon of testosterone
thereby preventing reguldtlon of LH secretion

2) LH sensitivity: linuron alters Leydig cell sensitivity to LH thereby reducing
testosterone secretion and increasing LH secretion

y



[y B

005688

SELECLED HISTUPATHOLOGY SUMMARY FOR FIB AND b2B MALE AND FEMALE RATS*

(approximately 2-years old derived tran 3—generation reproduction study)

F1B nale rats
Testes:

adenoma (inter-
stitial cell)

<

25

Dose (ppm)
125

625

>

1/10

0/10

2/10

2/10

hyperplasia (inter-
stitial cell)

2/10

0/10

5/10

4/10

adenoma plus hyper-—
plasia

1/10

0/10

2/10

1/10

Adrenal cortex:
hyperplasia

Pituitary:

adenoma
B male rats
Testes:

adencoma . (1nter—
stitial cell)

3/10

5/10

09

4/10

8/1V

u/15

5/1U

6/10

4/15

7/10

6/1U

u/6

hyperplasia (inter-
stitial cell)

U/9

/15

5/15

1/6

adenoma plus hyper-—
plasia

/9

0/15

3/15

0/6

Adrenal cortex:
hyperplasia.

Pituitérzi

adenoma

Combined data:
(F1B and t2B)

Testes:

- agaenoina (1ngaxr-
stitial cell)

nyperpliasia (1nter—
stitial cell)

Adrenal cortex:
hyperplasia

rituitary:

adenoma

2/9

6/9

3¢

2/19
5/ 19

11/19

0/15

12/15

U/ 25
9/ 25

20/25

3/15

12/15

0/25
T/2
8/45

18/25

1/6

4/6

/1o
3/16
g/lo

u/lo
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SELECTED HISTOPATHOLOGY TABLE* (continued)

< DOSE  (ppm) >

F1B female rats . . 0 25 125 625
Uterus:

. cervix: éystic'
hyperkeratosis 0/1v - U/9 0/9 4/9

cystic endometrial '
nyperplasia ' u/1u 2/1u L/9 3/9

renal cortex: , ;
hyperplasia ‘ 3/10 7/10 - 3/9 2/9

Pituitary: : o
agenoma ‘ 5/10 7710 6/9 3/9

FZB8 female rats
Adrenal cortex:

Uterus: -

cervix: cystic : :
hyperkeratosis e 0/18 1/20 1/20 3/20

cystic endametrial . :
hyperplasia ~0/18 . 4/20 8/20 10,/20

Adrenal cortex:
hyperplasia ~ 7/18 6/20 6/20 4/20

Pituitary: '
adenoma 13/18 12/20 lo/20 ‘ 7/20

Combined data: ~ ‘ . -
(t'lB and t'28)

Uterus:

Cervix: cystic
hyperkeratosls ULl R 1 S,

Cystic enNuoinetrial .
nyperplasia’ U, 28 b/3U 9/29 13729

renal cortex: .
nyperplasia 1u/28 13/39 9/29 6/29

Pituitary:
adenoma 18/28 19/30 22/29 1u/29

* animals sacriticed by design or unscheduled deaths (tound dead/sacriticed in

extremis) i}



3) enzymatic etfects: linuron alters the activity ot key enyzme(s) in the Ley-
dig cell thereby reducling testosterone secretion

.4) metabolic clearance: linuron increases the metabolic clearance rate (HICR) ot
testosterone :

~ ‘the authors stated that the tirst hypothesis was not tested since no study
design was available to adeguately adaress this hypothesis. The other three
hypotheses were evaluated and reported in the present submission.

As noted in the results, linuron primarily attected horse testicular micro-
somal erizyme activity in vitro (aromatase: decreased activity; reductase: increa-
‘sed activity) at the high dose concentrations of 500 and 5000 uM, However con-
sistent but not statistically significant eftects were seen at the lowest dose used
of 50 uM (aromatase, desmolase, isomerase, hydroxylase and reductase). Metabo-
lites of linuron produced a variable response on Leydig cell enzymes primarily at
the 500 and 5000 uM concentrations. Fifty micramolar, 500 and 5000 uM eguals to,
respgctively/ 10.9, 109 and 109U mg of linuron, and as noted in the study the male
rats from the multigeneration study chronically consumed 0, V.75, 4.1 and 22 mg
1inuron/kg b.wt. and the females consumed 0, 1.1, 6.1 and 37 linuron mg/kg b.wt.
Thus, it is possible that blood levels approaching > 50-uM range could have been
experienced by the rats (although the degree of gastrointestinal absorption of
the linuron from the dietary feed could impact this figure) and alterations in
the rate of testosterone metabolism could have occurred. However, the interpola-
tion of enzymatic changes in the horse testes to the rat is uncertain. Further-
more, the effect of the various enzyme changes on testosterone secretion is
unclear. Linuron decreased the activity of aromatase, an enzyne which converts
testosterone to estradiol-17B8, and increased the activity of 17-20 desmolase, an
enzyme which converts 17-alpha-Hydroxyprenenolone to Lehydroepiandrosterone. ~Tne
net effect of this would seem to be to increase not decrease testosterone Secre-
tion, but the interaction ot the total enyzue changes induced by linuron on net
testosterone secretion of the Leydig cells is uncertain.’ ' .

Testosterone clearance (in vivo) in male rats treated for eight consecutive
days with linuron (20U my/kg) and then castrated was not signitficantly atfected.
Thus, in animals exposed to high doses of linuron on a short-ter basis there aid

not appear to be a change in the MCR (metabolic clearance rate) which-presumabdly
would have been mediated through the liver. However, no examination of the liver
microsomal enzyme activity was pertormed in order to support this hypothesis. It
would have been appropriate to also test the etfect of chronic administration oI
linuron on testosterone clearance. ‘

There appears to b€ an age and dose-related SrLrect on Lne Sensifiv.iy
Leydig cells of the rat testes to juteinizing normone (Lh) as evigenced oy o=
in vitro secretion pattern of testosterone. Younyg rats (<3 months) or old rats
{one year) treated with linuron:for three to seven consecutive days were gene-
rally less responsive to LH in testosterone secretion than the respective con-
trols. The intermediate dose level animals (125 ppm) in chronically .treated
1¥yp animals (11-19 months treatment) were significantly less responsive than the
control or low dose animals with the same dosage regimen. However, there was a
signiticantly greater maximal release of testosterone (three to four—-fold) in the
by high dose animal incubates (either 11 or 1Y months ot treatment). These rind-
ing suggest that linuron is altering the sensitivity of the Leydig cells, l.e.,
repeated or chronlc exposure to linuron at the intermedlate dose levels produced

o
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an apparent hyporeactive response to LH as opposed Lo the hyperactive respQrQeSélB 8
LH in the chronic high dose males.

As pointed out by the authors, Husby (Cancer Research 41:3172- 3178, 1981)
reported that prolonged LH hyperstimulation of Fisher rat Leydig cells. (a strain
of rats in which Leydig cell tumors spontaneously occur with a significant fre-
quency in older males) results in hyperplasia and adenoma formation. ' As noted
in the histopathology section, Leydig cell hyperplasia and adencmas related to
linuron administration have been observed in male rats fram a two-year chronic
rat study as well as male rats taken fram a three-generation reproduction study .
Furthermore, uterine adenocarcinoma, cervical squamous cell carcinoma, cystic
endometrial hyperplasia and cervical cystic hyperkeratosis have been observed in
female rats fed linuron in the same two studies; these tissues are hormonally
sensitive tissues. These histopathological changes would appear consistent
with an endocrine effect of linuron if it is producing an eftect on the hypotha-
lamic/hypophysial-testes or -ovarian feedback loop. ) ‘

The EPA Guidelines tor Carcinogen Risk Assessrent (1986) state that, “"The
carcinogenic effects of agents may be influenced by non-physiological responses
(such as extensive organ damage, radical disruption of hormonal function (review-
er's emphasis), saturation ot metabolic pathways, formation of stones in the
urinary tract, saturation ot LNA repair with a functional loss of the system)
induced in the model systems. Testing regimes inducing these responses should be
evaluated for their relevance to the human response to an agent and evidence from
such a study, whether positive or negative, must be carefully reviewed." Thus it
1s appropriate for the EPA to consider the proposal that the oncogenic ettect of
linuron in rats may be mediated through a secondary hormonal mechanism by possible
moditication of the Leydig cell LH receptor, particularly in light of the generally
negative evidence that linuron is a classical mutagenic campound with direct
interaction with cellular LNA . ~

It is the opinion of the reviewer that while the submitted data is suggestive
of an effect upon the pituitary teedback loop, particularly in regard to LH, the
data is not definitive enough, at this time, to cause a reevaluation ot the
Agency's risk assessment. This is based on the following points:

1) interpretation of the hypo- or hypersensitivity of Leydig cells in secreting
testosterone upon LH stimulation after subchronic-high dose/chronic intermediate
dosages or from chronic high dose animals is uncertain. How does one integrate
these findings with the dose-related increases in testicular hyperplasia and

adenomas? If the chronic high dose results. in an increased secretion Or testos—
terone wouldn't this decrease in LH release fram the pitultary make & n,Dervo.zz-
tic/adenomatous response less likely. An adaitional test which mignz nave o

firmed LH hyperstimulation would have Deen To MONLTor Vi3 radlolmunoass: S
vivo biood levels of LH of tne chronic rats at varicus tlme periods to Jetermine
ir the LH protile 1s consistent with the 1n vitro rinaings, €.d., 1t the inter—
mediate dose 1s producing down reyulation ot the LH receptor in the testes, than
a decrease in testosterone secretion might e expected and an increase in blooa
levels ot LH ana vice versa at the high dose. ' :
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2) extrapolation of the results fram rats to other rodent species, in this case
the mouse, is not appropriate as noted by Husby (198l) where leydig cell tumori-+

genesis appears to relate to estrogenic stimulation and not gonadotropic stimulation.

Therefore, its relevance to humans would obviously be unclear. In vitro tests
examining the relative response of isolated human and rat testicular Leydiyg cell-
responses to LH stimulation including LH receptor binding studies might answer in
part this issue. o ’ ‘

3) It may that changes in the responsiveness of the testicular interstitial cells
are occurring in addition to a direct oncogenic ettect of linuron, that 1is one
may not necessarily be the end result of the other ' '

4) If linuron is altering the enagocrine system in some subtle tashion 1n the
mammalian organism, Or pOSsSesses some hormonal-like action of itself, this may
predispose the animals to potentially deletericus erLtects (possibly ot oncogenic
nature) which can not be determined at this time.

In conclusion, the biochemical and histopathology data presented in this
submission suggest that linuron may atfect testosterone metabolism in horse
testicular microsomes tor a range of dose levels (5U-bUU0 ul = 11-11UV mg) which
‘overlaps the dose levels experienced by rats exposed chronically (0.75-37 mg/kg
b.wt). However, the net etrect of these enzyme changes and the relevance to
‘the rat in vivo is uncertain. Evidence in young and older rats exposed repeatedly
(3-7x) or for 11 or 19 months suggests that Leydig cell incupates are dittreren—.
tially altered in their sensitivity to increasing doses of luteinizing hormone
(LH) (ability to stimulate testosterone secretion) with the repeated or chronic
exposure- to linuron at the intermediate dose levels producing an apparent hypo-
reactive response to LH as opposed to the hyperactive response of the Leydig cells
to LH in the chronic high dose males. While these biochemical effects are worthy
‘of note, they are not definitive in nature, i.e., they do not conclusively show
cause-and—effect. It should be noted that linuron has also produced liver adenc—
mas in male and female mice following chronic administration in the diet. uhether
this is related to hormonal alterations is unknown. ' '

These data are considered to be scientitically acceptable.‘
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