LY FEHQ-1225-/5 95 3

RECEIVIN

Monsanto

CoDEC 13 At 07y

The Agricultural Group
800 N. Lindbergh Boulevard
St. Louis, Missouri 63167
Phone: (314) 694-1000

ORIGINAL

December 12, 1995

Document Processing Center (TS 790) l
Office of Pollution Prevention and Toxic Substances ‘ “
SRR
401 M Street, SW SEHQ-95-13
Washington, DC 20480 INIT 12713795

ATTENTION 8(e) COORDINATOR

10 85

Hd GI Ci
JITH Ldeu

~e

Dear Sir or Madam:

G3AI3034

The information in this letter pertains to butyl benzyl phthalate and is being submitted to_
the U.S. Environmental Protection Agency in accordance with the EPA’s interpretation——
of Section 8(e) of the Toxic Substances Control Act. Although we do not believe that <
this information constitutes a substantial risk for all of the reasons discussed below, the
present submission is intended to discharge any 8(e) responsibilities that might exist and
thus should be processed in accordance with the EPA’s “substantial risk” procedures.

With this letter Monsanto submits to the TSCA 8(e) file a preprint to be published in
Environmental Health Perspectives entitled “Gestational/neonatal exposure of rats to
environmental estrogenic chemicals results in reduced testicular size and sperm
production in adult life” by Sharpe, Fisher, Millar, Jobling and Sumpter. In this study the
authors purport to show that treatment with butyl benzyl phthalate (and several other
chemicals) during pre- and neonatal development results in reduced testicular size and in

a concommitant reduction in sperm count in adult rats.
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We do not believe that these data represent a substantial risk because of limitations in the
experimental design (the choice of negative control was inappropriate and only one dose
level of butyl benzyl phthalate was tested) and because of the small magnitude of the
changes reported with butyl benzyl phthalate (6.6-7.5% reductions in relative testicular
wt. with concommitant reductions in sperm count per teste). Further, these findings
appear inconsistent with results from other toxicity studies conducted with BBP under a
number of different study, route and dosing conditions.

We also take this opportunity to note that Union Carbide has submitted to this office a

copy of this same preprint because it contained data pertaining to 4-tert-octylphenol which
were broadly similar to that described above for butyl benzyl pthalate.

Singerely,

é? M. Weppelman, Ph.D:
ger, Regulatory Affairs.



| ™ A

A S
AP W B TR X ey <

.

GestationaliExposure of Rats to Xeno@stmgens Results in Reduced

Testicular Size and Sperm Production

Richard M. Sharpe,} Jane S. Fisher,! Miks M. Millar,’ Susan Jobling.2 and John P. Sumpter?
'MRC Reproductive Biology Unit, Centre for Reproduetive Biology. 37 Chalmers Street. Edinburgh EH3 SEW, Scotland; 2Depaniment of

Siology and Bicchemistry, Brunel University, Uxbridge, Middlesex UBB 3PH UK
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Environ Healdh Heaich Perspecs 103:000-000 (1995)

The report by Caslsen er al. (J) that mean
sperm counts in some men had dedlined by
around 40-50% over the past 50 vears, was
greeted with a mixture of concern (2) and
skepticism (3). The most recent dam from 2

aumber of countries, which have charted -

changes in sperm counts in semen donors
over the past 20-25 yeass. have, however,
all reported a marked and significant down-
ward trend (4~G). The most comprehensive
of these studies, in Faris. conciuded that
sperm couns in fertile men have declined
by around 2% per year over the past 23
vears (6). Moreover. two of the cited studies
(5.6) identified that the temporal decline in
sperm counts appears to apply to i a bom
from around 1950 onwards.

Two years ago, we hypothesized (7) thac
the reported decline in sperm counts might
be related to an increasing incidence of
other disorders of deveiopment of the male
reproducr’ v¢ system (e.g.. testiculas cancer)
and that tias could have arisen because of
increased expasure of the developing fetus
to estrogens. One potential source of this

increased estrogen exposure was via envi-
ronmental estrogenic chemicals. or “xenoe-
strogens.” the reiease of which has more or
less coincided with the deciine in sperm
counts (8.9). Concern about such hormon-
ally aczive pollutants, such as chlorinated
pesticides, has been voiced for 10-20 years
110), but has become more acute recendy
because of the discovery of a range of new
xen , including bisphenoi-A (1)),
ceruain alkylghenolic chemicals (12-14).
cernain phehalates (15), as well as 2 number
of pesticides (/6). Most of these eszogenic
chemicals are ubiquitous in the eaviron-
ment, and humans are exposed to them
daily by a number of routes (9). However,
the risk to humans from these chemicals is
cusrently theoretical because there are no
data to show thac these chemicals can cause
any disorder of reproductive development
or function in animals.

Pathways via which exposure of the
developing male ferus or neonate to estro-
genic chemicals could result in reduced tes-
ticular size and sperm production in adule

life have been identified (2,7.9), but there is
no direcz evidence to confirm whether this
hypothesis has any factusi basis. I+ = :a0wn
that some phthalaces ate passed from the
mother boch across the placent (17) and
via milk (78), although compassble dam on
the transfer of alkylphenoli icals are
lacking. The sim of the pressic smdies
to evaluate whether exposuse §f the =
fesus/neonaze 1o either of two kv

tal eszrogenic chemicals has q:&a&r‘

testicular size and spermatogendsis in adult ",
o -3

life. 72 . ‘
Material and Methods ~—

Animals and sresments. All 72 @ in
these scudies were of the Wistar stain and
were bred in ousr own animal facilicy. They
were rmaintined under standard, conwolled
conditions and had free access to food and
water. Administracion of chemicals was via
the drinking water which was provided in 2
bortle per cage. A stock solution of each
dose of chemicals was made by dissolving 2
weighed amount in ethanol such that addi-
tion of 0.5 ml of this stock o 5 | of apwa-
ter resulted in the test dose: contrel animals
had 0.5 mi echanol/5 | added to their drink-

ing water.

Ssudy design. The mose likely mecha-
nism via which-esorogenic chemicals could
Gause an irreversible reduction in testicular
size and sperm production is by decreasing
the number of Sercoli calls. In adult life. the
number of Servoli cells determines tesucular
size and sperm output in all animals that
have been studied (19). In the male rat,
Servoii cells begin to proiiferase scon after
testicular differentiation (sbous day 15 of
gestation) and continue until around day
15 of posmaal life, with perhaps minor
proliferztion until around day 21; after chis
time, no further Serroli cell proliferatoin
can occur (19). Thus, by dsy 22, the uld.
mate size to which the testis will grow in
adulthood (90-95 days of age) has been
predetermined (/9-22).

Our studies were designed such that

Addzress correspondence to R.M. Sharpe, MRC
Reptoductive Bislogy Uait. Ceatse for
Reproduetsi;lc’ Bécv ,» 37 Chalmers Stree,
Edinburgh 9EW.,

We ase gratehul w Jim McDonald for expare help
wich the animah in these svedis.

Reesived 7 June 1999; acoepead 10 Angase 1993,
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anirnals were expeosed to chemicais for
either the period (i.e., days 1-22
after bisth) of Sersoli cell proliferation
(study 1; see Fig. 1) or for the complete
period of Servoli eeli proliferation (studies 2
and 3; see Fig. 1). In che laser two studies,
treatments were administered to adule
female rats for 2 weeks before mating with
a sexually experienced male. throughout
mating, throughout ion, and up unsil
day 22 after giving birth (Fig. 1). This pro-
tocol of exposuse was used to assess the
possible effects of bisaccumulation. In all
chree studies, exposure of the male off-
spring to the vest chemicals was thus largely
indirect, via the placene or millc
In study 1, in which chere was no pre-
natal exposure to the test chemicals, litvers
were culled to eight pups on the day of
bisth (day 1) by culling excess femaies. The
same was done in study 2. [n smudy 3, che
full lircer size was maintined from birch
through day 22. The female offspring of

_—» tesg liccers were not evailuated. Adulc

fernales used for madng in studies 2 and 3
were the same: when offspring of these
fernales were weaned at the completion of
study 2. the mothars were maintined on
the same treacment for 2 weeks, then
mated and until the weaning of
study 3 offspring (Fig. 1).

Teaz chemicals and doses. Three chemi-
cais were selected for study based on the
resules of in virre investigations s ing
that they were estrogenic (13-15). Of the
three, 4-rerr-octviphenol (OPF: Aldrich
Chemial Co., Gillingham. UK) and buryi
benzvl phehalate (BBP: Chem Service,
West Chester, Pennsyivania) were both
estrogenic in vitra, whereas an octyiphenol

W

B

i OP (14), was aiso

(A=t
polyethoxylate with a side-chain of five
ethoxylate groups (OPP; gepal CO-520:
Aldsich) was essentislly devoid of estro-
genicity i wisre. In study 1. noayiphenoxy-
catboxylic acid (NP1EC, K & K Labs,
Cleveiand, Ohio), which is approxi-
0-fold less estrogenic in virre than
I 3t a single dose.
Diethvistilbestrol (DES; Sigma Chemical
Co.. Poale. Dorset, UK), which is a potent
nonsteroidal estrogen, was included as a
pesitive controi.

Lictle is known about the degree of
exposure of humans to the chemicals used
in the present swudies, but concentrations
of slkylphenolic compounds in the aquatic
environment reportedly range up to bun-
dreds of mi per millilicer (23.24),

son.legfthcummup:insmdy.’»by

all cheee studies. the male offspring were
weighed st weaning (day 22), which was
the day that trestment ceased. The male
offspring were then mainmined in their lit-
ters under standard condizions uncil 90-95
days of age, when they were killed by
ianalation of CO,, followed by cervical
the right testis, left kidney, and vencral
prosate were dissected out and weighed:
the epididymis, seminal vesicles and lef
testis were also i macroscopically
for any cbvious abaocemalities. We record-

micrograms
whereas human intake of phthalates is S ed kidney weight because the kidney varies
reportedly as high as 15 mg per day according to body weight but was aot

(200-300 pg/xg/day) (25). Therefore, we

expected o be affecred by the expesimental

chose doses that wouid be mildly estro- mepuhmumhdnqmthmuwd

enic based on in rizro analyse<(14.15),)
gut which remained within“a:kOMF
magnitude  of  the  possible
environmental/human intake level. We
teszed OP ac 1000 and 100 pg/l in ail chree
studies (and also at 10 pg/l in study 1),
whereas OPP and BBP were tested only ac
the singie dose cf 1000 pg/l in studies 2
and 3. DES was tested at 100 and 10 pg/i
in study 1 and ac 100 pg/i in studies 2 and
3. No formal confirmation that the test
chemicals (or cheir metabolites) actually
reached the male offspring, or in what
amounts, was obtained. as the objective
was simply to establish whether or nor the
chemicals exerted any biological effects.
However, water intie, and thus the nomi-

nal intake of chemical/day, was assessed in
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Figurs 1. Exparimental design of the present swdias, indicsting the perieds of wesumen in relation 1 the
tme of norme! proliferstion of Serinli ceils. After cegsstion of resumant (day 22 afher bisth) enimals were
msintsined under nommal conditions unul they were killad sz the age ot 80-85 davs.
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V" as an ineernal “organ control” for the speci-

ficity of any effects observed on testis size.

Tessicular morpbelogy. At 90-95 dayvs
of age, representarive animals from the var-
ious treacment were fixed with 3%
glutraldebyde in 0.2 M cacodylate buiter
by perfusion via the dorsal aorra, as
described elsewhere (26). The fixed testes
were then cut transversely with a razor
blade into 2-mm-thick sections and then
into small blocks (1-2 mm-). Afrer postiix-
ation for 12-16 hr in the same fizative, the
blocks were processed and embedded in
plastic as described previously (26). Semi-
thin sections (0.5 pm) were then cuc,
stained with toluidine blue, 2nd examined
using a Zeiss phoromicroscope.

To provide a preliminary quandarive
assessment of spermatogenesis, seminifer-
ous tubules ar stages VII=VIII of the sper-
matogenic cycle were subjected to image
analysis (Cue-2, Olympus) to determine
the cross-secrional asen of the seminiferous
tubuie and seminiferous epithelium (27,. _
We analyzed 10 round cross-sections for
two or three rats per orestment group and
calculaced the mean and standard devistion
for each animal. Scages VII-VIII were cho-
sen for analysis because they conain repre-
seneative germ cells from all steps of devel-
opment (/9).

Daily sperm preducsisn. In some of the
animals from study 3, daily sperm produc-
tion was ined by counting homoge-

ization-resistant spermatids, using minor
modifications of the Wuzfnfahnnu
er el (28.29). A 500-700 mg porsion of
testicular tissue secovered at a was
immersion-fixed in 2% in
0. M cacodylace buffer and kepe ac 4°C
until used for dsily sperm production
determination within the next 6 weeks.




The sissue was chen removed, blowed, and
weighed and two $0-mg porsions cut with
a scalpel, weighed, and £
rately in 5 mi 0.15 M NaCl.

- a inemesica PolveronPT-K/PCU.

(homogenizes at speed 5 for 60 sec (th
condicions previously been validared
and optimized). Using 3 hemocyrometer.

homogenization-resistant step 18 and 19
spermatids were then counted separately in
3 aliquots of each of the 2 homogenates per

sample and che mean of the 6 measure- »in animals

*  mens calaulated; the coefficient of vasia-
-~ tion for these replicates averaged 79 for all
samples. This value was thea correrzed for
sample weight and overal cestis weight,
and transformed to the daily sperm pro-
duction by dividing by the appropriate
time divisos (4.61) based on the propor-
donal duradon of sages VI-VIII in days,
ing o Leblond and Clermonc (30).
We confirmed that only step 18 and 19
spermatids were being counted by applying
the same procedures to known lengths of
seminiferous cubule isolated from normal
adule raes by transillumination-assisted
raicrodissection (37) at stages [I-V (con-
raining step 16 and 17 spermatids) and
VI-VTII (conwining step 18 and 19 sper-
marids).

Sezzisricel anelysis. In each of the three
studies, each parameter in the different
treazment groups was subjecved ¢o analysis
of variance to determine whether there
were significant effecss of creatment. Where
these were indicated. subgroup compar-
isons berween means for the control and
each treatment group were made using the
variance from the study as 2 whole as the
measure of error. All data were normally
distributed. so no transformations were
made and resulcs are all reported as means
= SD.

Resuits

Licter size and composition at birth were
not evaluated in study 1, as chere was no
prenatal wreatment of the mothers. In stud.
ies 2 and 3. in which the mochers were
treated prenatally, there was no effect of
treatment with OP, OPP or BBP, on jirter
size or compesition. Expesure to DES (100
ug/l) reduced average litver size by nearly
half in study 3 and b=d 2 mote minor effect
in study 2 (Table 1). Cusiously, the pro-
portion of male offspring was increased sig-
nificancly in the DES-exposed group in
study 3 (Table 1).

Ar weaning, which corresponded to the
cemation of treatment in all chree studies,
body weignt of DES-exposed offspring was
reduced significantly in studies 1 and 2 bue
was increased signifiaandy in study 3. per-

. haps because of the much smaller litter
. sizes (Table 1). Otherwise, exposure to any

sepa.
0.05%
Teitea-X100, 0.025% sodimn azide, usinz .

although this may have been due o0 some
emtw&emmbﬁymghmf

: of che tesk chemicals had either no effector, the animals, 2 significans difference in kid-
mere commonly. resaited in a significant  ney weight relative co body weight was still
inerease in body weight on day 22 (Table evndem {Table 2).

1). In study 2. mean body in ani.

In study 1. mean body weight was gen-
erally hnghet in treazment groups, com-
pared with controls, but only in the case of
OP (100 pg/l) did this reach statistical sig-  increased in size by 8% or more (Table 3).
nificanee (Table 2). Average testis vmght Excepe for animals exposed to the lower
was reduced marginaily, but significantiy, L/due of OPF (100 pg/l), all other weatment

mals exposed to DES or OPP was reduced
when compared to controls, whereas ani-
mais exposed to cither dose of OP were

o DES ¢o(100 pg/l) /groups exhibited a highly sigaificaat
meP (1000 pg/l) inimadl, and relacive / decrease in absoluce tests and in the
mwagh:(x.c.,rdammbodywaght razio of testis/kidaey. size (Table 3); all

or to kidney weighs) was reduced signifi-  creatment groups showed a significant
andy in these two groups and in animais dmm:dsm:mwugb:.'l‘hm
exposed ©o che intermediate concencration were some minot, but i changes
(100 pgfl) of OP (Table 2). Kidney weight in absolute and relstive weighe in
was increased markedly in animals some of the treatment groups. Ventral

to che two highest doses of OP and,  prostate weight was reduced by 16% in

Table 1. Litter size and COMPOSILoN 8t birth and body weight on dav 22 {mesns 2 SD)

Tregmment Linter size Body weight (g) of males,

Stdy no. grow (uaAl {no. of limars) % Males at birth dev @ n)

1 Conwot ND ND 82000
DES (100} NO ND 82 7°°(46)
DES (10} ND ND 8825948
QP (1000 ND ND 6025058
0P {100} ND ND B268 35
orP{10) ND ND B8
Neoavipnenot (100} ND ND NB

2 Conwol 10.0=25(5) €128 8325029
DES (100} 82=21.7(6) 64214 580 30)
QP {1000} 1262 1.1 {6} G214 81600300
OP (300 1082356} §3214 68257
QPP (1000} 108232(5) 83215 5427 39)
88P (10000) 116234(8) 84213 22 7°°(38)

2 Conrot 12722216 55212 £0210(36)
GES (100) 62z33(5)1= 0220° LYFY aadvij]
0P {1000} 11221.8(5 6427 22803
0P {100} 108=21(6) 57213 84 2 7°(35)
OPP (1008) 12820.446) 45211 4724(34)
88P {1000} 134=215(5) 5723 5728° (38)

Abbrevisuons: DES, diethvistlbeswot; OP, octyiphenol; OPP, octyiphenet pelvemexyiaw: ND, act deter-
mined.
* 5008, *° p<0.91, ' p<0.001, compared 10 respectve conwot value.

Table 2 Effact of exsosure of mate rats, from birth o dav 22, to diethyisulbeswol octyiphenol, or noayiphe-
noxyscetic acid adged to the drinking wetar (pg/) on body weight, testis, and kidasy weigihn (means < SO}
21 age 90-95 davs (sugv 1)

Relstive organ weight
Trasmment Body  Tesis Kidney  Testis/kidn {me/p bodv weigin)
group(ugfl® N weight{g) weiginimg) weightimgl weightrato Testis Kidosy
Conarol 6B 08266 19082183 2 17B=2172 1342004 B0  3W202
DES (100) k S16233 18242218° 17972124 1062016 319204 36202
DES 1O &4 06240 19612147 172131 1162008 3182038 31702
0P {3600) 49 S1823 10882130° 108322237 1022012t 1602033™ 384203
0P {100} - | S5B23t 190218 2 198821857 1220107 1602030 152077
oP(OY i} 51138 15402122 17762164 110200 102208 64207
NPA 100} 3 2245 1982203 ND ND 175:08 ND

Abbrevistions: DES, disthwyistibeswol; OP, octyiphensh NPA, nomyiphenasy scste scid ND, eot dewe-
mingd,

‘Linmars were culie® t 8ight puss on the day of birth,

<008, = p<.01, "p<0.001 compsared o respective conuol velue.

Volume 103. Number 12, Decernber 1985 « Environmanss! Health Perspectives



[
-.

'
]

-/

muumumumns.mmmmmuvnuwmm 1Y
mwmmnammcmmmmmmmdmmmv.mnmmmmngsommumm _

Orgen weights (mg)

Tresumem Body Vosws)  Tesishidasy Relstve ergan weigint (mg/g body waight)
grouplughl® N weight(g) Tests Wignay presiss weight rale Testis Kidasy Ventrel grosigte
Conws! 26 =2 0182 155 1837 =118 48279 1102000 24122025 176018 0862014
DES 160) o 445 3 41°° 1750 2 1607 1758 2 158°- k. PY " e 1502009t 394203¢° 3982024 08300
0P {1600 e 530 2 537 18882123 1915 2 160° 428260 08320077 61 20328 383032 0822019
0P (100} 3 5382437 20422178 1880 2 112 442282 1092010 1342038 31532023° 0882018
CPP (1003 2 @i ° 178321308 17862 158 4762 103 10020117 1882030 i80=038 1032020
B8P 1000} 3 47628 1608 2 126¢ 16302 118 542084 08220087 28120342 1852024 08820.19

WOS«WOPJWOW.WWEIEWWM
% inmrs were culisd 50 &gt pups on he day of birth.
°p 05, *°phfl, 'pcl0TE compared W resgectve conuo! valus.

rucmammmmmmmwmmamwmwmum
bomlmmmnaiaﬁnm(mummmmmuummmmmmmssmamumma
Organ weights {mg) ) . N

Trasunent Body Veswal  Tests/kidney Relative organ waigiit g/ body wergind

groupiugf* N weight {g) Testis Kidnay prosiste  weight ratio Tests KGdeey  Vemwral prostams

Conal K 48226 19582 118 17402 163 228 1132014 482028 B 08 1882016

DES (100} 3 B2 1847 ¢ 157 17822 183 W80 1002016 38045 W00 08820087

0P (1000} k1 18234 1696 = 1407 1821 2 121> 61263 1062001 357z0231 14220247 0882011

0P (100} k- 8i222° 18382 114> 16892121 4076 1032008 4002031 188022 1582020

OPP(1000) 3 @D 3 1810 2 1107 17102 160 495265 1072011° 185.0.5° 12022 1882012

B8P (1005 k-] 471224 18192 1197 1802133 83 10120080 iR0287 1782020 182012

Abbrevistons: OES, digmvistibeswot OP, octviphenot OPP, ostviphenol polyethaxviate: BBP, butyt benzvi phtatate.

sLimers not culled t 3 sandard size Bt birt N

SLimer size, etc. aiso affectad by wasunemises Tabls 1l b bwtion

*pellD5, **p<0.01, ' pQ00) compared to respective conuo! value. — cusinbe

DES-treated animals, though this effect  4). . than for the conurols, chough this is based
isar when the size relative to Although exposure to the test chemicals on a small sample size (Table 5).

bodyweight was evaluated (Table 3).  chroughout gestation and neonatal life : Daily spemn production in control ani-

Relative weight of the prosaate was reduced
significandy in animals exposed to either

tesulted in fairly consistent reductions in :
testis size as adults, these decreases were :

mals from study 3 averaged 24.9 = 3.6 x
10° per testis per day (mean 2 SD, a = 12),

which closely wich that determined
morphometrically by Wing and
Christensen (32). Animals exposed during
feca) and neonaal life o DES, OP (1000
pg/l), or BBP in scudy 3 all showed signifi-
cant reductions of 10=-21% in the mean

dose of, OP. only on the order of 5-13%. However, '
m;‘llgosmdy 3, animais were noticeably  plowing the dam for testis weight against :
s n average, both at weaningand st body weighe for four of the treatment ;
90~95 days of age, than animals in studies,,..+groups from studies 2 and 3 (e, DES,OP -
1 and 2 (Table 4). Under this regimen. no / at 1000 ug/l, BBP) shows that the weated .
trearment group in aduit life had 2 lasger ﬁmmmam:m

mean body weight than che control group.
and two of the groups (OP at 100 pg/l and
CPP) showed 2 small bur sigaificant
decrease in body weight reiative 1o coa-
trols. In all crearment groups, tests weigiit
was reduced significandy when compared
to controls, though when expressed reladve
to body weighe this difference disappeared
for the grou; to DES or the lower
dose of OP (Table 4). Kidney weight was
reduced notcesbly in animals exposed to
1000 gig OP/L, a difference still evident
when expressed relative to body weight:
however, the testis/kidney weight rado in
this group was stll significandy lower than
that observed in the controi group (Table
4). As in study 2, ventral prostate weight
was reduced significandy in DES-exposed
animals but, in scudy 3, 2 significant reduc-
tion was also obvious in animals exposed to
OP, particulasly at the higher dose (Table

to the conwols (Fig. 2). This is mo® evi-
dent by noting how few of the values for
treated animais lic above the linear regres-
sion line plotted for the control group.
Although a similar crend was evident in the
DES-exposed animals, testicular weights
were far more vasiable in this treatment
group, probably becar = of the confound-
ing effects of this weacment on lirer size,
e

Testicular morphology was indistin-
guishable in animais from the control and
treagment groups, and no obvious abnor-
malities in the seminiferous tubules, incer-
stitium, or vasculature wers evident (Fig.
3). Image analysis confirmed this impres-

Environmentsl Heslth Perspecives o Volume IOS.NMIZWMN

dzily sperm production (Fig. 4), which
wee p 3 similas o the decrease
in testis weight (Table 4); tissue from ani-
rals exposed to OPP was not evaluated.
The nominal intake of chemical was
assessed in study 3 for animals in two of
the treacment groups (OP at 1000 pg/l,
BBP) based on water intake, and ranged
from around 125 pg/kg/day in che fissc 2
days after birth to 370 pglkg/day juse
before weaning (Tuble 6). As these calcule-
tions take no account of spillage,
tien, or degradation of the chemicals
(which were noc evalussad), these values for
ineake can be viewed as over-estimases of
the actual intake. The level of water intake

sion by demonstrating no adverse effect of was not affected by treazment (Table 6).
treacment on the erost-seciional parameners
of stage VII-VIII seminiferous tubules; ~ Discussion
indeed, for the mose these parametess The puspese of the present studies was
tended to be higher for che treased animals to assess whether expesure of mals r2s to
ER?: . -
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Figera 2, Scaner plots of tasucular size versus body waight for animals from swdies 2 and 3 combined.
The dats for contreis are shown in each of the panels in COMParsen 10 that for 2nEmals ¢xposes
diethyistitbeswe! (DESL. 1000 pg octviphenoli, octviphene! polvethoxyiete, or butvt benzvi phthalate. Lingar

ion lineg for the conwrol sngd esch eawment group are shown 0 8ig compansen. Mean vatues for

suties 2 and 3 are given separstely in Tables Jand 4.

Fi.m 3. Representative tasticular morpholagy in conirel amml (A} IM in rats upoud during
f:g;tmmi life to disthyistiibeswe! (B}, 1000 ug octvighensil (C), or buty! benzvi phthalata {0} in srudy 3.
{ x 120,

known estrogenic. environmental chemi.
cls during gestation or neonatai life had
apy adverse effece on testicular gize and
spermatogenesis when these animals
reached adulthood. The results are
unequivocal in showing chat exposure to
such chemicals does cause 2 reproducible

and consistent decrease in ultimare testicu-
lar size and daily production in ras,
an effect which cannot be anzibuted to any
obvious overt toxicity (judged by body
weight and kidney weigic). Although the
chemical-induced decvesse in tescicular size
and daily sperm preduction only ranged

from 5% to 219, this effect occurred dur.
ing a zelatively shore period of creacment
and afer exposuse to relstively low leveis of
the chemiccls. Previous dam involving a
similar provocol of exposure of raws o the
estrogenic pesticide mechoxychlor also
reporeed 2 small reduction in adule testicu.

ias size and sperm counts (33), and 2 recent ==

study in trous (34) has demonstrated inhi.
bition of testis growth in wive after expo-
swewmogmxdkvlphmdxm
Ultimate testicular size in all mammais
that have been investigated is determined
by the number of Serzoli cells present in
the cestis, despite che face thaz it is the germ
cells, racher than the Sesroli cells, which
Each S el c saly sppors » Faed
can 2
number of germ cells theic devel-
opment into spermasozoa, and bence che
more Servoli cells present, the more germ
The number of Servoli cells can be
increased or decyeased experimentally in
various animals by a number of weasments,
with corresponding changes in testicular
size and daily sperm production, and the
same relationship appeass to apply t© men
(19). Usually, whenSmhcellnumberu
altered, there is lile change in the cross-
seczional or size of the seminif-
erous tubules because Servoli cell aumber
affects primarily the length, noc the
breadth. of the tubules (20.21). The aum-
ber of Sertoli ceils per testis is derermined
by che fate and durasion of their prolifera-
don. which usually oecuss during a presise-
Iy timed period thaz in fecal life
shordys.‘mmhr ) and
continues into neonacal life for a period
that varies acoording to the spesies (/9).

In the present studies, rats were
exposed o eswrogenic chemicals for either
pm(smdvl)onll(smdaeslandﬂofdxe
period when Sertoli cell proliferation
cceurs (Fig. 1). If chese treasments had
reduced the rate of Servoli eell prolifera-
tion, we would thae, in aduls life,
the testes would be smaller and daily sperm
producgen will be reduced, but the gos-
seczional & ce of the seminiferous
tubules would probably be uachanged.
Our findings are consistent with the meas-
ments having reduced Sertoli cell aumber,
though merphometric determination of
Sercoli cell number will be necessary to
dezermine whesher this interprerstion is
correcs; as the change in Sercoli
cell pumber would only be of the erder of
2-4%, measurements in large cobores of
animals will be pecessasy to demonserace
this. However, an easlier study (39)
demnonstased that exposuse of rams w di(2-
ethylhexyl)phthalace for 5 days dusing
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Treswument grous (sofl) Animst A0, nsbuts sresiie® pmd) epithation sss (10 wme®) shon-chrgyalkﬁphwd polyethoxylates
Comrel 1 729 %626 (such as OFP) do not bind to the esogen
2 1128 §126 reeeptos in cell-free sysvems (14). they ase
DES t100) ! :‘:; g‘: estrogenic in cell-based in wirre assays
0P {10001 2 s i (23.14) and in vive (34). It will be impor-
2 7826 5525 mumﬁxmsmdmmm_hlshwvo-
.3 i FY ] 6126 aﬂywbcdmonlyemogaxchemnhm
GPP {1003} 1 8329 6iz8 able to seduce testicular size and daily
2 86212 6328 sperm production in the manner described

8BP (1000) 1 @21 6228 here.
- 2 Bed Bal ive of whether the seducsion in
Abbrevissons: OFS, Sieswistibestrot 0P, actyipheaot OPP, octyiphsnol polyethoxyiste: B8P, butyl berzyl testis size 20d daily sperm preduction
caused by developmental exposure o OP

or BBP resulted from theis escogeniciry,
the key question is whethes these effecss

i

Teble 6. Esimstion of the sominsl intaks of

: octyiphenol (OP) and butyl benzvl phhslsts (BBP)
£ = bemween birth sad day 21 of postnatat fifs, based
a of Weter CoRsumpLan in swdy 3 (mesns 2 SO. V=
g 8
.° poy
iﬂ‘ I Nominal
g Wamr msan ovake
= Tresunamt Davs immske  of chemical
s group (ugAl posmatsl (mWdS bl (ug/kgidavi®
& 1 ,_C\/Mloi B5=22 -
E 1Be11 192255 -
& MWe2! 283272 -
5 oPN0OD)  1+2 W23 129
R ST
Gesmuisnsl/sensats! HEsEROR gBPI000) i+2 88228 1%
1 1
Figere 4 Daily sperm production (means 2 S0 in g:;} 3:2 g,
rapresemative controt snimals (n =t2) and in rats

exposed during fetalyneonatal life to diethyl-
stiibesot (DESK n = 7), octviphenct (1000 ugk n =
18) or (BBP: i = 7) in stugv 3. *nclliS, *°p<0.01,
[ <0001 compared to comuol

neonatal life resulted in a reduction in
Serwoli cell number and some reducion in
testis size and sperm production in adule-
hood; however, the level of phthalace expo-
sure in this study was at leasc 1000-fold
higher than in the present scudies.

When animals are exposed to test
chemicals, it is passible thax toxic effecs on
orgaas (e.g., the liver) other than the testis
ot reproductive sxis could lead, secondari-
Iy, to a reduction in testiculas size and thus
daily sperm production as a resuls of non-
specific effects. Although this possibilicy
canct be excluded completely, the present
data on body weight and kidney weight
pmidelideevihncforanymcheﬁeu—
indeed, in most instances ereated animals
were larger than the controls. The excep-
tion was snimals exposed to DES (positive
controls), which showed consistent evi-
dence of somewhat lower body weights.
The sxplanstion for this effecs is not dear

2assumes @ body waight of 350 g for lactating
tamaies.

&cm:hepmrmdis.butitislikelythat
lacaation may have been impaired by DES

Lesd( 36). If chis is the case, it is somewhar puz-

ding why chere was no evidence for such
effects in animals exposed to any of the
suogenic:hemials.asdweamdeqml.
or even larger, reductions in testiculas
weight than did DES exposure. This dis-

could reflect differences in che
phasrmacokinetics of the chemicals com-
pared with DES.

Alchough the escrogenic chemicals tesi-
ed in the present studies exerced similar
effecs on tests size and daily sperm pro-
duczion, no evidenee is provided chat these
effects resulted speci from the esto-
genicity of these The face chac
treatment with OPP caused a similar
reduction in testicular size us did ereatment
with OP, despite the fact that OP is noa-
escrogenic in vime (14), could be inwrprer-
ed as evidence against e

Hovweves, it is

i AUTHOR QUERY:

have relevance 10 humans. This is a com-
plex issue which requises demsiled dose-
response data and measurement of the
acnual levels of the administered chemicals
in the male rars. It would be appropriace to
consider whether the nominal level of
expere of rats 1o OP and BBP in the pre-
sent studies (which is presumed to be an
owerestimate of actual exposuse levels) bears
any relationship o the equivalent level of
husman exposure. There ase licde or no dara
spﬁnﬂyﬁtOP.buthuekminfot-

namely, alkylpheno.
al of which have been shown ™ be estro-
genic (14). Reporeed levels of these com-
peundsinﬁmwmvuyﬁomrhelew
i pex lirer (
dreds of micrograms'per liter (23.24),
which approach the nominal levels of expo-
suse in the present study. Even tapwater
has been reported to conmin estrogenic
de_nzduionpmdua:ofbochmyip!:ud
ethoxylaze and ocrylphenoi (37), althouga
the combined concentration was only
about 1 pg/l. However, as alkylphenol
vetboxylases are used widely in industi-
al and some housebold desergents and
cesness, in cerwin plastics, and in many
other ways, human exposure via routes

In the case of BBP, there is more evi-
dence for concern sbout the possible sisk to
human heaith. BBP and other phehalases
are the most ubiquitous of all enviroamen-
al contaminants, primasily because of their
use as plasticizers, and buman exposure is
likely 10 be high (25.38.3%). For a
recent study levels of BBP alone as
highas‘?.anyk"mmﬁl-mppd
bussess (€0), which would mean that inges-
tioa of 50 g/day of such busss by a 60-kg

escrogenicity per 5./ k
being a common causal mechanism. | .{-iwoman would lead to a0 inzake of spprosi-

possible that, when ingesed, ““masely 40 pg/kg/day, which approsches the

ot - “w-wtm\x:- :\
WS o, e

iy, b "‘"‘,-"_’,/;
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tiva of 50.¢/day ﬁ[‘!ﬂcﬁ “gm 2-60-k3:
‘nmﬁd 3/ kald: h ; 8

gen aice values in o smdy
Anhelevdsof:onlphthakmmother
(41,42,
and chere are many other soureres
of human exposure 10 these compounds.

the present findings suggest that further
studies of the estrogenicity of phthalates
should be a priority. There is aiready a
huge literzture on the toxicity of phtha-
laces, including their eticular wmary, bus
few of the studies have been able

-t0 detect developmental effeces similar to

. PR

chose reporzed bere. This is boene out by
the reported no-observed efféer level
(NOEL) of BBi for testiculsr toxicity of
125159 mg/kg/day (43,44). The facx chac,
in the studies, nominal intake of
300-fold lower amounts than che NOEL
resulted in arsund 3 10% decrease in testic-
ular weighe in two sepamte studies with a
commensusace fali in daily sperm produc-
tion, argues further that the cause of these
decreases uiffers from the previously
reporred toxic effects of these compounds
on the testis.

The present dara do not provide direct
evidence of a link berween human expasure
to environmental estrogens and falling
sperm counts in men. However, the find.
ings do provide some preliminary, indirect
evidence that exposure of rats to certain
eavironmentwi esgrogenic chemicais during
gestation or neonatal life can result in
reduced testiculas size and sperm produc-
don in adulthood. As these effecrs occurred
in racs after only 3-9 weeks of exposure,
whereas in men the corresponding window
of development (and Serwii cell prolifera-
tion) spans several years, toere is at least che
theorenical possibility that sumitar effecss in
men might be of larger magnitude than
those described here for the rac. However,
considerably mote work, pardculasly in
establishing the likely level of human expo-
sure 0 estrogenic chemicals, will be neces-
sasy if the risk to man from such exposure
is t0 be assessed with any accuracy.
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