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Reproductive Effects of Four Phthalic Acid Esters in the Mouse. Lams. J. C., IV, CHAPIN,
R_E., TEAGUE, J., LAWTON, A. D, AND ReeL, J. R. (1987). Toxicol. Appi. Pharmacol 88,
255-269. These studies compared the reproductive toxicity of four phthalates by a continuous
breeding protocol. Mice were giver diets wiih diethy! phthalate (DEP) (6.0, .25, 1.25, or 2.5%).
di-n-buty! phthalate (DBP) (0.0, 0.03, 0.3, or 1.0%), di-n-hexy! phthalate (DHP} (G.0. G.3.0.6,
or 1.2%}. or di{2-ethylhexyl} phthatate (DEHP) (0.0, €.01. Q. 1. or ¢.3%). Botk male and femsale
CD-1 mice were dosed for 7 days prior to and dunng a 98-dav cohabitauor: perod. Reproduative
function was evaluatec during the cohabitatior period by measuring the numbers of litiers per

pair ané of live pups per litter, pup weight, an¢ offspring survival. There was no apparent effect
on reproductive functor io the animals exposed 1o DEP, despite significant effects or body
weight gair and liver weight. DBP exposure resulted in & reduction 1o the numbers of litters per
pair and of live pups per litier and in the proportion of pups bort. alive at the 1.0% amoun:. but
not at lower dose levels. A crossover mating triat demonstrated tha female mice, but not males.
were affecied by DBF, as shown by significant decreases ip the percentage of fertle pairs, the
pumber of live pups per litter, the proporiiop of pups born alive, and bve pur weight DHP i1
the diet resulted: iv dose-relarec adverse effects on the numbers of fitters per pair and of bve pups.
per litter and proportion of pups born alive at 0.3, 0.6, an¢ 1.2% DHP 1r. the diet. A crossover

marting study demonstrate¢ that both sexes were

affectsc. DEHF {at 0.1 anc¢ 6.3%} caused Gose-

dependent decreases in feriility and in the pumber and the proportior: of pups barn abve. A
crossover mating trial showed that both sexes were affected by exposure to DEHP. These data
demonstrate the ability of the continuous breeding protoco! to discriminaie the qualitative and
quantiatve reproductive effects of the more and less active congeners as well as the large differ-
ences in reproductive toxicity atiributable to subtie changes in the alkyl subsutution of phibalaie

eslers. € 1987 academic Press. inc.

Phthalic acid esters are widely use¢ as indus-
trial plasticizers. By far, the major use is in
polyvinyl chionde products, including nu-
merous consumer items and medical sup-
plies. In 1978, annua! production of di{2-
etivlhexv!) phthalate (DEHP) was estimated
at 40 milbon pounds (U.S. Internatbonal

{To whom reprint requests should be addressed:
James C. Lamb IV, Office of Pesticides and Toxic Sub-
stances (TS-788), U.S. Environmental Protection
Agency, 401 M Street, SW., Washington, DC 20460.

Trade Commissior. 19785, The biological ac-
tivity of some phthalates is known and has
beern reviewed {Thomas e al., 1978} Diethyvi
phthaiate {DEP! has been shown 10 be inac-
wve as & reproducuve woxicant. while di-n-bu-
tvi phthaiate (DBP). di-n-hexyl phthalaie
{DHP), ané DEHP have beer showr 1o ad-
versely affect reproduction {Gangolli. 1982,
for review}.

The data on effects of the phthalate esters
on female reproduction are limited. There
are a few investigations on the teratogenicity
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of the phthalate esters, but little or no data
on the effects of the phthalates on fertility in
females. Both DBP and DEHP caused ad-
verse ¢ffects on fetal development and in-
creased resorptions when given in the diet of
pregnant mice i Shiota and Nishimura, 1982).
Both DBP and DEHP exposures were related
to an increase m the incidence of exrernal
ancmalies in the otfspring {Shiota and Nisha-
mura, (982).

The developmental toxicity of DEP, DBP,
DHP, and DEHP was studied with CD-1
mice in a short-term developmentai toxicity
protocei (NIOSH, unpublished data). In
those studies. the compounds were adminis-
tered by gavage at dose levels resulting in 0
to 15% maternal mortaiity. DEP caused 4%
maternal mortality, but did not have any fetal
effects; 10% of the DBP-exposed dams died
and there were no viable litters; DHP-treated
dams had 2% mortality and ao viabie litters;
and DEHP caused no maternal mortahity
and there was a low incidence of vable lit-
ters {2/32).

Testicuiar toxicity has been demonsirated
in the rat after =xposure to DBP, diiscbutyl
ohthalate, di-n-pentyl phthalate, DHP. and
DEHP, but not dimethyl phthalate {DMP),
DEP. dipropy! ptithalate {DPP). di-n-hepty!
shthalate, or di-a-octvl phthaiate Cater et
al., 1977, Foster et af., 1980; Gray and But-
terworth, (980; Owishu and Hiraga, 1980).
Monoesters of phthalic acid were simifarly
effective at inducing testicular atrophy (Fos-
ter et 2l., 1981).

There are significant species differences in
the testicular toxicity of the phthalate esters
{Gray er al., 1982). Rats and guinea pigs de-
veloped severe atrophy after treatment with
DBP (2 z/kg/day for 7 or 9 days), mice devel-
oped only focal atrophy, and hamsters were
not affected. Other investigators also demon-
strated that the mouse is somewhat less seunsi-
tive 10 the esticular effects of DEHP and of
mono-{2-ethylhexyl) phthalate than cats
(Curtc and Thomas, {982). Adverse =ffects
were not observed atter DEP exposure in rats
{Foster 2t al., 1980), aithough the female rat

has not been studied. The testicular toxicity
of DHP in mice is similar to that observed in
rats {Foster ¢r ai.. 1980).

DEP, DBP, DHP, and DEHP were tested
by a continuous breeding protocol to svaly-
ate their effects on fertility and reproducticn
in mice. This approach has been demon-
strated to be useful in idenuiving etfects
on maie and female reproductive function
{Lamb, 1985; Reel er g/, 1985: Lamb 2 4/,
1985a,bi. The protocol consists of 2 1 4-wesk
period during which male and female mice
are cohabited as breeding pairs. The data col-
lected during this period inctude the number
of litters per pair, the number of pups per !it-
ter, the proportion of pups berm alive, and the
mean pup weight. Each pair mav produce up
to five litters, each of which is 2valuated. The
pairs are segregated at the end of 14 weeks 0
the females may deliver the final litter which
can te used to svaluaie reproductive eifects
on the second generation if adverse effects are
not seen in the first generation. If reproduc-
tion s affected in the first generation. 1 cToss-
over mating triai is conducted; that trial con-
sists of cohabiting control males with freated
termales and treated males with controi fe-
males to determine which sex has been
affected. The first and second generaticn may
be aecropsied and wrger organs evaiuated at
the end of the respective mating trials.

The animals in these studies were exposed
to dietary levels as high as 2.5% DEP, 1.0%
DBP, 1.2% DHP, or 0.3% DEHP in the diet.
Differences in the reproductive effects of the
chemicals were measured and related to the
alkyl substitution of the phthalic acid esters.

METHGDS

Chemicals. DEP was obtained from Chemical Tech
Industries (Kansas City, MO). Spectrophotometric and
chromatographic analyses indicated that the test material
was >99% pure and was stable in feed for 2 weeks at
—20°C or at room temperature.

DBP was obtained from Chem Central {Kansas City,
MO) and was determined 0 be >99% pure by thin-layer
chromatography by two systems and gas chromatogra-
phy by twe systems. DBP was stable in the feed for ap to
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3 weeks at —20°C and a. izast 7 days whern exposed 10
ambient room air and light

DHP was synthesized by the Midwest Research Insti-
tute {Kansas City, MO} ané was shown 1¢ be approxi-
matelv 98% pure by thin-layer chromatography and gas
chromatography by two sysiems. DHP was stabie in the
feed for up to 3 weeks at room temperature when stored
1o the dark and at least 7 deys in room air and light.

DEHP was obtained from Haico Chemical Corp.
{Fords, NJ'and was found by chromatographic and spec-
frophotometric analvses to be >99% pure. DEHP was
stabile ir the feed i room air and light for 7 days.

Animals. COBS Cr1:CD-1, (JICR)BR outbred albino
mice (6 weeks of age} were purchased from Charles River
Breeding Laboratories. Inc. (Kingsion, NY). Two maies
and two fermales were sacrificed and their sera evaluaied
for antibodies against 11 mouse viruses (Microbiological
Associates, Inc.. Bethesda, MD). Ali serz were negatve
for viral antibodies. All stucy animals were individually
identified and assigned to treatment groups using & strati-
fied randomizatior: procedure based on body weights.

Males and females were group housed by sex in solid-
bottom polvpropviene or polvcarbonate cages with
stuinless-sieel wire hids, during guaranune an¢ the 1-
weelk premating period. Subsequently, the animals were
housed as breeding pairs or individually. Ab-Sorb-Dmi
bedding {Laboratory Products, Inc. Garfield. NJj was
used in al cages. Deionized/filtered watsr and ground ro-
dent chow were provided ad libitum. Automatically con-
trolled photoperiods were 14-hr light/10-hr dark {(lights
on 0700 16 2100 hr; and temperature was mainuained at
23 + 2°C. Cages were sanitized weekly using deiergent
and i 80°F water.

Dosage formulatior and analvsis Each concentration
of each compound was mixed separarely every week. A
stock mirrure of dosed feed was prepared by weighing an
aliquot of test chemical and mixing it with a small
amoun: o’ powdered feed i 2 beaker DEP. DBP. and
DHP diers were prepared with NIB-07 diet {Zewgier
Bros. Gardners, PA) whiie DEHP diets were prepared
with Puninz certified chow (5042; St. Louis, MOj. The
stock mixiure was ther: added tc 2 preweighed portion of
untreated ground feed and mixed in 2 Patterson-Kelly 8-
quart stainless-stees V-1ype blender and blended for at
leas: 20 min. Diew with DEP ané DBP were stored at
—20*C. and diets with DHF an¢ DEHP were siored at

*C until used. For eact chermcai ar aliquor of eact for-
mulatior.. anc feec control. and the buli. matenal was
sent 1c Wiidwes: Research institute {MRI: for referee
analvsis wven € weeks, The measured concentrations.
were berweer 96 aug 100% for DEP. 9¢ and 107% for
DBF. 96 anc 103% for DHP, and 8¢ ané 107% for DEHP
of target concentration.

General studv design. The specific study design has
beer: published (Ree! er a/., 1985: Lamb e al.. 1985a,b}.
The 14-day dose-setting study for DEP utilized one con-
trol group and five groups of dosed animals (n = 8§ males

anc R females mer treatment tovel. The end points for
thie study were ciimcal signs. mortality, body weight
gair.. 2nd consumptior. of food and water. The contime-
ous preeding phase used & control grour: {r = 40 ammats
of each sex! and three dose groups {r = 20 animals of
each sex). The mice were exposed 1o the chemical for &
7-day premating penod and were then randomly
grouped as mating pairs and cohabiied and exposed for
9§ days. Datz were collected o all newborns during thus
period (body weight, proportior: of males, number of i~
ters per pair, number of iive pups) within 12 hr of binb
afier which each litier was discarded. Afier the 98-aay
cohabitation, the pairs were separated for 21 days and
exposed during whick any fina? ltters were delivered ané
kept for at leas: 2] days. Fos DEFP. these final litters were
allowed t¢ mature while the mother continued 1o recerve
dosed feecd until the pups were weaned ar 2! days of age
Wher these F; animals were sexually mature (ca. 74
days;. male offspring were maied to female offspring
from the same treatmeni group {# = 20/group/scx). and
the F. litiers were examined for litter size survival, sex
and puy: weight. The F, animals were ther necropsied

Wher significamt adverse effects were observed it the
continuous. breeding phase. & Crossover mating tra; weas
performed 1o deiermine whether F males or females
were more sensitive 16 the effects For DBF. DHF. and
DEHP. there were adverse effects noted on reproducuon.
Thus, ai ihe end of the continuous breeding phase. the
high-dose animais of each sex were mated to contro; mice
of the opposite sex 1 deterrmne the affecie¢ sex Thoe
high-dose animals were selected 10 increase the possibii-
ity of detecting effects in the crossover mating Three
combinations of control and treatec mice were seiectsd:
contro} males with: contro! femaies. high-dose males with
contro} females. and conwro} males witk high-dose fe
maies. The offspring of the crossover matings were ana-
lyzed as above, and the parents were necropsied. The
crossover mating was not done for DEP. since significant
effects nor observed in the conupuous dbreeding phase.

Necropsies were performed wher there was evidenct
of ar. effect or reproduction or, at the least, 16 the second
generation: 17 there was no effect. Enc points examinad
for the femaies included organ weights and histology. At
necropsy. the end points of targe! Ovgap IOXICHY Exam-
ined for the maies included orgar weights and histologs .
percentage of motile sperm, Sperm conceniration. and
percentage of abnormai sperm {Wyrobek and Bruse,
1975, The ngh: cauds epdidyms was excised anc
weighed tc the neares: .00 g. Sperm moulity wa: as-
sesse¢ immediatel foliowing the removal of the cauds
epididymis from the 1est animal. A smal! amount of sem-
ina! finid was pressed from the cauds intc & drop of Tyr-
ode’s solution on 2 prewarmed slide {37°C;. The sample
was coverslipped and examined for percentage of motile
spermn, under 400 magnification with a stage warmer at-
tached to the microscope. The data were reported as per-
centage of motile sperm per sampie.
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The entire cauda epididymis was placed in a petri dish
with 2.0 mi stenile Tyrode’s solution {pH 7.4) and gently
chopped and the contents “miltked out.” The petri dish
1s swirled to disperse the sperm and incubated for 15 oun.
After the 15-min incubation, the sperm suspension is
swirled several times and gently Jushed through a Pas-
teur pipet.

Sperm count was performed as foilows. A 9.35-ml ali-
Juot of the onginal sperm suspension was placed in 4 fest
wmbe {15 X 100 mm} and diluted with {.0 mi Tyrode’s
sofunion and mixed on a Yortex muxer. The sperm were
wiled by placing the test tube ander hot running water
for ¢ min. The suspension was agitated and wo aliquots
were counted per sampie in a hemocyiometer (Fisher
Scientific, Raieign, NC). The data were reported as aum-
ber of cauda spididvmal sperm per muiligram of tissue,

The procedures and cnterta of Wyrobek and Bruce
{1975% were used to 2valuate sperm morphoiogy. The re-
maimng original sperm suspension {approximately : ml)
was transferrad (o a test tube (10 % 7% mm) and one drep
of % Eosin ¥ stain in water was added. The test tube
was ailowed to sit for spproximately 45 min. The sperm
were then resuspended. Four slides were made from each
suspension, air dried overmght. and coverslipped. For
each sample. 300 sperm were examined if pussible at 400
magmification and scored as aormal or abnormai. The
data were reported as percentage of abnormal sperm per
sample.

Statistical anaivsis. The Cochran-Armitage test
{Armitage, 1971) was ased 10 test for 1 dose-ceiated trend
in tertlity. Pairwise comparisons nvoiving mating and
fertility indices were performed using Sisher’s exact lest.

The aumber of litters and the aumber of live pups per
iitter "vere computed on a per fertile pair basis and then
ireatment group means determined. The proportion of
iive pups wasdeiined 1s the aumber of pups produced 5y
2ach pair. The sex rano was sxpressed as ihe ‘pmpom'on
of maie pups bom ¢ cach fertile pair. Dose group means
for these parameters were tested for overall differences by
using the Kruskal--Wallis test {Conover, 1980) and for
ordered differences by using Jonckheere’s test {Jonck-
heere, {954). Pairwise companisons of treatment group
means were performed by applving the Wilcoxon-
Mann-Whitney U test (Conover, 1980).

Since the aumber of pups in a litter may affect the aver-
age weight of the litter, an analysis of covariance (Neter
and Wasserman, 1974) was used t0 test for treatment
differences in average pup weight, adjusting for average
litter size {live and dead pups). Pairwise comparisons
were dooe asing 4 ‘wo-sided ¢ test. A K mskai-Wallis test
was also performed.

For the organ weights, least-squares reatment group
means were generated from an analysis of covaniance
{with body weight as the covariate) and were ‘ested for
overall equality using the # test, and for pairwise zquality
asing a ¢ test. Al companisons were wo sided. The
Ksuskal-Wailis and ‘Wilcoxon-Mann-"Nhitney U tests
wvere also empioved.
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RESULTS
Diethyl Phthalate

The 14-day repeated-dose study included
ievels of 0.0, 0.25,0.5, 1.0, 2.5, and 5.0% DEP
in the feed. There were no clinicai signs of
toxicity or mortality in any group. The high-
dose group zained significantly less weight
than the controls, while animals in the 0.5%
group gained more weight than animals in
the 0.0, 2.5, or 5.0% groups.

Dose levels of 0.0, 0.25, {.25, and 2.5%
DEP were selected for the continucus breed-
ing phase of the study. No treatment-related
changes in physicai appearance or demeanor
were noted during this period. One male in
the 1.25% group and two males and a femaie
in the 2.5% DEP group died. At the beginning
of the study, the contrei and high-dose groups
weighed an average of 35.1 and 34.1 g, respec-
uvely. By Week 13, the cortrols weighed an
average of 33.0 g, and the high-dose males
weighed an average of 35.5 g; the 2.3% DEP
anirnals weighed signmificantly less than con-
trois av Week 13. The weight gain of females
was aot significantly affected. Anaivsts of feed
consumption for the pairs showed thar be-
tween 3.0 and 5.6 g of feed was consumed per
mouse per day, regardiess of treatment group.

Exposure 10 DEP did not alter the number
of fertile pairs, the number of litters per pair.
the number of pups per Iitter, the proporicn
of pups alive, or the live pup birth weight {Ta-
ble 1).

Since {ertiity and reproductive perfor-
mance were not affected in the parental mice
{Fy generation), the ferulity and reproductive
performance of the offspring were assessed
once they reached sexual maturity. The final
Lirzers from the continucus breeding phase
{F, generation) in the 0.0 and 2.5% DEP
groups were weaned at 21 days of age. The F,
animals had access to diet with the same lev-
eis of DEP as their parents until the end of the
studv. When these ¥, amimais were approxi-
mately 10 weeks of age, pairs of control mice
and pairs of 2.5% DEP-exposed mice were co-
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TABLE ;
FERTILITY AND REPRODUCTIVE PERFORMANCE OF MaTING FaiRs (Fo GENERATION!
DURING CONTINUOUS BREEDING
% Diethviphthalate in diet

Control 0.25 1.28 2.5

No. fertile/No.
cohabited® 40/40 (100} 20/20¢ (103) 19/16 (300 18/18 (100}

Litters/pair® (n) §.73 + 0.16 {40} 4.90 + 0.07 (20) 5.00 £ 00019 SO0+ 008 (i8)
Live pups/titter® (n) 10.27 + 0.48 {40} 12.64 + .34 (200° 1173+ 030 (19 10.61 + 043 (1&)

Proportior. of pups
borr: alive” {n)

0.96 = 0.02 (40}

1.00 = ¢.00(20;

1002000019

0.96 £ 0.06018)

Live pup weight® (n) 1.63 = 0.0 (40} 1.59 = (.02 (20} 1.60 £ 0.02(19; 1.64 = .03 (18}
% Di-n-butyi phthalaie in diet
Contro! 0.02 .3 1.0
No. fertile/No.
cohabited (%) 39/36{100; 20720 (100} 18/18 1008 15/20(75)
Liners/pair (n) 4.85 2 0.0v{39; 5.00 2 0.67 20) 472 + (1818 1.8¢ = 0.26 (15)°
Live pups/ittier (n) 12.08 = (.38 {39; 12.27 2 .38 20) 1:.73 2 (43438 {72+ 049 (15)¢
Proporuor of pups
bort: abive (n1) 1.00 = 0.00 (39) 1.00 = 6.00 (20} 0.9+ 0.0i (i) 050+ 031 (15
Live pup weight (n} 1.58 = 0.02{39) 1.56 = 0.02 20; 1.57+0.02(:8) 1.64 = .07 (10}
% Di-n-hexy! phthalaie in diet
Contro} .3 (.6 1.2
No. fertiie/No.
cohabited (%) 37/37 (100} 14717 (82)¢ 1/29(5) 0/16 (0)°
Laitters/pair (n) 489+ 0.05¢37; 3.43+0.34(14)° 4001 —
Live pups/htter () 12.2¢ + 040 (37) 343+ (.48 (14)° 6.5G(1} —_
Proportior of pups
borp alive {m 0.9 + .00 (37} .84 = 0.03(14)° G790 —
Live pup weight (7} 1.6G = 001 (37 177 = 005 (14)° 165 01) —
% Dif-ethyihexyl) phtbalate i diet
Control (.01 G.¢ ¢3
Ng. fertile/No
cohabited (%} 40/40 (100} 26/20 (100 1416 {74: 0718 (0¥
Litters/pair (n} 4.65x0.13¢40; 465201820y 307 2049145 -
Live pups/bitier {n} 10.62 = 0.32/40} g0 + .50 (205 S16x 11314 —
Proportior: of pups
born alrve (n} 0.98 + (.01 140; 0.95 = 4.01 20y Q.80+ 009 (14)° —

Live pup weghts {n}

1.57 = 0.02440;

1.58 = 0.03(20)

1622 (.04013Y

¢ Pairs were considered fertile if they produced one or more litiers.

® Vaiues are X + SE.
¢ Significantly different from control (p < 0.01).
< Significantly different from contro! (p < 0.05}.




260 LAMB ETZL.

TABLE2

FERTILITY AND REPRODUCTIVE PERFORMANCE OF PAIRS OF OFFSPRING (F; GENERATION): CONTINUOUS
EXPCSURE TO DIETHYL PHTHALATE

% Diethyl phthalate 1n diet

LControl 2.5
No. with copulatory plugs/No. cohabited (%) 20/20 (10 20720100
No. fertile/MNo. cohabited® (%} 19720495 19/2019%)
Live pups per litter? (n) 11,53 =034 (19 998 £3.57 119
Praportion of pups born alive” (n) .99 = 3.0t {19) 0.92 £3.05019
Live oup veight in 2% (n) 1.52 £0.03{(19) 147 2002419

% A pair was judged fertile :f it producead a litter of one or more live or dead pups.

? Values are © = SE.
¢ Sigmificantly aifferent from centrof < p < 9.05).

habited to svaiuate reproductive function.
Body weight was decreased in the treated ani-
mais compared to controls; at weaning the
male body weights were 3.22 + 0.37 and
10.96 + 0.864 g (n = 20, both groups. mean
+ SE), respectively. At the start of cohabita-
tion, these vaiues for treated and control
males were 29.13 + 0.74 and 32.91 = .81
g (n = 20 for =ach) for treated and control,
respectivelv. Table 2 shows that exposure of
the F, amimals to DEP had no adverse effect
on fertilitv, the proportion of pups born alive,
and the Hive pup birth weight or sex, aithcugh
the rotal aumber of live pups per litter (com-
bined male and female) was significantly
lower in the 2.5% DEP group.

The F, mice were aecropsied at the conclu-
sicn of the offspring assessment. Tabie 3 con-
tains data on organ weights and sperm pa-
rameters for these aduit males at necropsy.
Body and orgaa weights are given for the fe-
maies in Tabie 4. Body weight was decreased
by DEP in both sexes, while male prostate
and female liver weight were increased, and
‘emale pituitary weight was decreased.
Though sperm motility and the percentage of
abnormal sperm were aot affected by DEP
gxposure, the sperm concentration was de-
creased in the treated amimals.

Di-n-pueyi Phthalate

Sufficient data were available (NIOSH, un-

published data) to select DBP dietary levels

without performing the 14-day repeated-dose
study. The dose levels selected were 0.0, 0.03,
0.3, and i .0% DBP.

There were no treatment-related signs of
toxicity in the continuous breeding phase of
the DBP study. Two control males died, and
one male and one femaie from the 0.3% DBP
group died. No amimais from the $.03 and
1.0% groups died dunng the study. Feed con-
sumption was oot affected by the addition of
DBP to the diet. In Week | the body weights
were 37.3 and 37.0 for the control and ugh-
dose maile mice and by Week 13 the control
males weighed an average of 42.9 g and the
high-dese males weighed 39.8 g. The femaie
mice weighed 28.6 and 29.4 g at Week | and
39.8 and 38.1 g at Week 13 for the controi
and high-dose mice. respectively.

Only the high dose of DBP significantly
affected reproduction, decreasing the fertlity
of breeding pairs, the number of litters per
fertale pair, the average aumber live pups per
litter, and the proportion of pups bora alive
compared to the controi group {Table 1).

A crossover maung was coanducted and
while the proportion of detected matings
was not affected, the proportion of fertile
matings was significantly reduced in the
control male with 1% DBP femaie group
{Table 5). In addition, the number of live
sups per litter, the proportion of pups born
alive, and the live pup weight were signifi-




REPRODUCTIVE EFFECTS OF PHTRALATES 261

TABLE 2

WiaLE BODY WEIGHTS AND ORGAN WEIGHTS AN SPERW PARAMITERS OF OFFSPRING A7 WECROPSY
{(F, GENERATION}: DIETHYL PHTHALATE

%. Diethyl phthalate in diet

Contro} 25

Bodv weight (g}

34.16 + 0.8 (20)°

30.20 = 0.61 (20)

laver (g} 1.83 = (.06 (20} 1.8C = (.05 (20)
Bruin (g) (.48 = 0.00 (20} 0.48 = 0.01 (20}
Piuitary (mg) 224841 (20} 20 20
1eft 1estis and epididymis (mg) 183 £ 5.7 (20} €7+ 8.2 (20
Ragh: testis {mg) 177 = 4.4 (20} 126+ 39 (20
Right epididvmis (mg) 5} x 1.3 203 51+ 1.6 (200
Prostate (mg) 25+ 1.3 (20) 33+ 2.3 (200"
Seminal vesicles {mg) 340 + 17.4 (20} 301 + 10.8 {20
%, Motile sperm 60.20 + 6.82 (20) §7.60 + 6.61 (20}

Lperm conceniration
(Nc. sperm X 10°/mg caudal tissue)
% Abnormal sperm”

1621 £ 48 (20)
3.97 = 1.04 20}

TR 2 36 {20
6.57 2 2.08 20}

“Values are 5 = SE (n) (significance indicated if p < 0.05%.
t Qignificantty differemt from controt (p < .01}

T gilless sperm not included in determinatior: of percentage of abnormal SpermG.

cantly decreased in this mating group COm-
pured 1o contro! pairs.

The control and 1.0% DBP-exposed Fe
mice were necropsied 26 days after the com-
pietion of the 7-dey crossover mating trial

TABLE4

. FEMALE BODY WEIGHTS AND ORGAN WEIGHTS OF
OFFSPRING AT NECROPSY (F, GENERATION): DIETHYL
PHTRALATE

Diethy! phtbalate in diet

Contro! 2.5

Body weight (g7 30.57 2 0.61 (20)° 28212 0.51 (200"
- Laver (g} 212
“ Beain (g}

1662606019y 22200702007
0.48 = .00 (205 G4 = 6.06{20
382Gt (208 sG= G (20

39+ 2.1 (20
340 + 25.3(20;

3+ 1.7 (20
326 + 23.9(20)

05).
* Significantly different from control {p < 0.01).

Sperm assessment did npot demonstrate any
significant difference in the percentage of mo-
tile sperm, the sperm concentration. or the
percentage of abnormal sperm it the cauda
epididvmis between male mice exposed to
0.0 or 1.0% DBP ir: the diet {(Table 63. On the
other hang, body weight was significantly de-
creased and the adjusted bver weight was sig-
nificantly increased (2.16 = 0.04 g for con-
trols compared 1o 2.40 = Q.05 ¢ for 1.0%
DBP: p < (.01) in the male mice fed 1.0%
DBP (Tabie €. In the Fo females. fiver weight
was significant!y increased and ulerine weight
was significant!y decreased ip the 1.0% DBP-
exposed group versus the conwo!l group  Te-
ble 7). No treatment-relatec gross o hisio-
pathologic lesions were noied for the tesus,
epididymus, prostate, or seminal vesicles i
the male mice. or for the ovary. oviduct.
uterus. or vagina 1n the female mice.

Di-n-hexy! Phthalaie

No dose finding study was performed for
DHP, since general toxicity data were avail-
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TABLE 5

MATING TRIAL OF F, PAIRS TO DETERMINE THE AFFECTED SEX: DI-2-BUTYL PHTHALATE

F, pairings

1.0% DBP male
X zontrol female

Control male
X controi female

Controi male
< 1.0% DBP female

No. with copulatory plugs/

Mo. cohabited (%) 16719 (8a) 18/20i90) 12719463)
Mo. fertiie/No. cobhabited”
%) 14/19(74) 17/20185) 4194210

_ive pups/litter< ¢}

Proporion of pups born
aiive ' m

Live pup weight in g°i{n)

T 20944 935 £0.87417) 0.75 £ 0.25 44y
0.95 £1.0514)

1830004

099 0.0 (I
169 £0.04(17)

0.63 £0.24 (&)
141 20,1113y

¢ A parr was judged fertile if it produced a iitter of one or more live or dead pups.
® Significantly different from <ontrals ( 2 <0.0t)

" Yalues are ¢ - SE.

“ Sigmificantly different from controi { g < 0.05).

able (NIOSH, unpublished data). Dietary 0.6% group one female died, and in the {.2%
amounts of 0.9, 6.3, 0.6, and 1.2% DHP were  group four females died. Food consumption
ased m the continuous breeding phase of the  was aot affected by he addition of ap 10 1.2%
study. in the contrel group three males died. DHP 1o the diet. Mean bodv weights for the
in the 9.3% group three females died, in the male mice were 38.1, 33.7, 39.i. and 38.2 ¢

TABLES

F) MALE 80DY WEIGHTS. ORGAN WEIGHTS. AND SPERM PARAMETERS AT NECROPSY: Di-n-8UTVL PHUTHALATE

% Di—-butyl phthalate in diet

Controt Lo
Body weight {9) 425306537 39.00 + 0.66 (20)°
Liver‘g) 223 +0.05(38) 2.27 £0.06 (20)
Brain {g) 0.48 + 0.01 (38) 0.47 £ 0.0 (20)

Pituitary {mg)

Left testis and 2pididymis (mg)
Right testis (mg)

Right epididymis {mg)
Prostate (mg)

Seminai vesicles {mg)

% Motle sperm

Sperm concentiration

(No. sperm ¥ 10°/mg caudal tissue}

% Abnormal sperm®

2390 136)
204 £5.35 (38)
146 + 3.8 (38)
6112 (38)
53+34 (38)
443 £ 17.5(38)
55.58 + 3.39 (38)

744 + 26 (38)
3.30 +0.68 (38)

22800 (1)
i87x 7.6 (20)
138 x 6.4 (20)
5020 20
45+£32 20
42 £ 136 (20)
57.20 £ 5.71 20)

713 £46 (20)
5.16 £ 0.65 (20

* Yalues are ¢+ 3E.
” Significantly ditferent (p < 9.01) from controi group.
* Tailless sperm aot included in determination of perceniage of abnormal sperm.
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TEBLET

F¢ FEMALY BODY WEIGHTS aND ORGAN WEIGHTS
£7 MECROPSY: Dhi-r-BUTYL PHTHALATE

% Di-r-butyl phthalate in diet

Control 1.0
Body weight (g} 3¢.17 + 0.77 (39)¢ 37.86 = 0.59(19)
Liver (g} 208 +0.04(397  243>005(19)°
Brain (g) .50+ 0.01(39; 04%=0.00(19)

Pituitary (mg) 3.8+1.1 (39 39202 (19
Ovarv and
oviduc: img} 4

1225 (39 3Ex1.4 (19
Uterus (mg} 342 + }8.

(
£.3(39) 245+ 16.9 (19)¢

*
+

?Values are X = SE (n) (significance indicated if p
< {.05).

" Significantly different {p < (.01) from the combined
contro} group:.

i Week 1 and 42.2,41.5,39.5, and 384 gip
Week 13 for the control, 0.3, 0.6, and 1.2%
groups, respectivelv. These data clearly dem-
onstrate a dose-related decrease in body
weight gain by DHF in the diet.

Exposure 1o DHP resulied in 2 dose-related
decrease in the proportion of pairs abie to
produce even a singie litter during the contin-
vous hreeding phase of the studyv {Table 1).
Adverse effects were observed at levels below
those exnibiting large effects on body weight.
There were no Jitters in the 1.2% group and
oniy | pair had a btter in the §.6% group com-
pared to all 37 pairs delivering at least one Iit-
1er in the controls and 14 of the 17 pairs in
the 0.3% group had at least one iitter. The
number of liers per pair, the number of live
pups per Livier. and the proportion of pups
born: alive were also significantly affected by
DHP exposure. There were sigmficant ad-
verse effects on reproduction at the lowest
dose. such that a2 no-observabie-effect-level
couid not be deiermined in this particular
studv. Pup weight was greater in the 0.3%
group than the controls, which was probably
related 10 the smaller Iitter size in the 0.3%
group. After adjusting statistically for litter
size by an analysis of covaniance (data not

presenied), there was no signihcant difference
in pup weight.

A crossover maung siudy was performed.
There was a significan: decrease ir the pro-
portior: of detected matings for the males re-
ceiving 1.2% DHP mated with conirol fe-
males (56%) compared to the controis (90% )
and only 1 of the 1§ treated males sired a litter
{Table §;. Although there was no decrease in
copulatory plugs detected whenr control
males were mated with females receiving
1.2% DHP (88%) (Tabie ) none of the DFP-
treated females became pregnant, demon-
strating that fertility was severely affected n
both sexes.

The contro! and 1.2% DHP-exposed male
and female F; mice were weighed and nec-
ropsied at the conclusion of the crossover
mating study {Tabier § and 10). Sperm assess-
ment showed that the percentage of motiie
sperm and the sperm concentration in the
caude epicidymis were significantiy dimip-
ished in the 1.2% DHF-treatied males com-
pared tc controls {Table 9}, The percentage
of abnormal sperm was unexpeciediv lower
i the treated males thar in the control males,
but only 3 of the 18 males 1n the 1.2% DHP-
treaied group had sufbcient sperm 1o aliow
determination of the percentiage abnormal
sperm. There were significant decreases in the
weights of the testis, epididvmis, and seminal
vesicles in the DHP-treated mice. Hiswojogs-
cal evaluation revealed exiensive atrophy of
the seminiferous tubules in muce given diets
comtaining 1.2% DEP; 1.e., the tubules were
lined primarily by Seriob celis and lacked evs-
denice of normal spermatogenssis. Mature
sperm were marked!y daminished in the ep-
didvmides of muce recerving 1.2% DHP (as
measured by hemocviomeier counts). Micro-
scopic changes were observed in the serninal
vesicles of 3 of the 1§ muce recerving 1.2%
DHP. In contrast to the reproductive tract
and gonadal effects for male mice, no treai-
ment-related gross or microscopic lesions
were detected in the ovaries, uterus, or vagina
of the F,, female mice.
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TABLE 8
MATING TRIAL OF Fyy PAIRS TO DETERMINE THE AFFECTED SEX: DI-n-HEXYL PHTHALATE

Fy pairings

Control male
X controi femaie

1.2% DHP male
X control female

Control maie
X 1.2% CHP femaie

No. wih copuiatory plugs/No.

2ohabited (%} 18,20490) i0/18 (5674 15/17{88)
No. fertiie/No. cohabited? (%) i7720185%) 11816 ITI0)
Lave pups/litter? () 9.41 +1.92(83) 14.0001y —
Propartion of pups bora alive? {n) 0.94 = 0.04 (17) 100 (1 —_
Live pup weight in g% {n) .64 = .04 (17 L3841 —

* Significantly different. from controi {p < 0.05).

” A pair was judged fertile if it produced a litter of one or more live or dead DUpS.

° Significanily different from control {p < 0.01).
4 Values are ¥ + SE.

Body and kidney/adrenal weights were sig-
nificantly decreased and liver weight was sig-
mificantly increased in Fy male and female
mice fed {.2% DHP in the diet compared to
controls { Tables 9 and 10). Despite the organ
weight changes, no ireatment-related histo-
pathologic differences were noted in the iiver,

kidney, or adrenal gland in the F; male or fe-
male mice.

Di(2-ethylhexyl) Phthalate

Doses for the continuous breeding phase
were set at 0.0, 0.01, 0.1, and 0.3% DEHP by

TABLE9
Fy MALE BODY WEIGHTS, {ORGAN WEIGHTS, AND SPERM PARAMETERS AT NECROPSY: DI-2-HEX YL PHTHALATE

il
4

% Di-n-hexyl phthalate in diet

Ceontrol 1.2

Body weight (g)
Liver (g)
Kidneys and adrenals {9)
Left testis and epididymuts (mg)
Right estis {mg)
Right epididynus {mg)
Prostate (mg)
Seminal vesicles (mg)
% Monlie sperm
Sperm concentration
(No. sperm x 10°/mg caudal tissue)
% Abnormal sperm?

40.33 £ 0.68 (37)¢
2.14 £0.05(37)
0.86 £0.02(36)

065 (3N
403 (3D
B2 (37
565 (37N
499+ 15 (37N

58.51 £ 3.89(36)

35725 (3%)
10.97 £ 0.87 (34)

36.19 £9.58(18)°
2.74 £0.08 (13¢
0.75 £ 0.03:18)°

93+ 10 (18)

27 118
a2+ (18
46+3 (18)
376 =21 (1y®
14.33 £ 65.66 1639

25+22 (18
8.02 + 1.05(3)%

“ Yalues are X + SE ¢n) (significance indicated if p < 9.03).
? Significantly different { g < 0.0} from control group.
“2miy 6 of 18 males had sufficient sperm counts for determining motility.
* Tailless sperm were a0t included in the determination of abnormal sperm.

* Only 3 of {8 maies had a sufficient sperm count for determining abnermai and tailless sperm.
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TABLE 1

F, FEMALE BODY WEIGHTS AND DORGAN WEIGHTS
AT NECROPSY: DI-n-HEX VL. PHTHALATE

% Di-r-hexv! phthalate in dret

Control 1.2

Body weight (g) 37.06 + 0.60 (381 34942 057(17)°

laver (g) 2.19 = 0.053&) 27020611 (17)°
Kidneys and .
adrenaks (g 0.64 £0.01(38)  8.57+0.02 (a7°

2 Vajues are > + SE (n}.
¢ Gignificantly different (p < 0.05) from the control

group.
¢ Significantly different (p < 0.01) from the contro}
group.

weight in the feed. There were no treatroent-
relaied clinical signs of toxicity during the
breeding phase of the study; one male from
the 0.1% and two females from the 0.3%
DEHF groups died. Analysis of feed con-
sumpuior showed that the mice consumed
betweer 4.5 and 5.4 g of food per day. regard-
jess of treatment group. Mean body weights
for maie mice were 36.3 and 34.6 g for con-
trol and high-dose groups, respectively. at
Weel : and 36.$ and 37.4 g for contro} and
high-Gose groups, respectively, at Week 13.

Exposure 10 DEHP produced a dose-de-
nendent decrease in the number of litters as
well 25 the number and proporuon of pups
borr giive and significant adverse effects were
demonsirated in pawrs exposed to €.01%
DEHP (Table 1).

Since fertility and reproductive perfor-
mance were adversely affected by DEHP, a
crossover mating trial was conducted with
the F mice. There was no apparent change in
libige based on the proportion of copulaiory
plugs: nowever. there was & decreasc ip fertii-
ity for treated males and treated females com-
pared ic masings of contro; mice. Four litters

“were born 1o treated males > control females,
- and the proportion of pups born alive was de-
. creased. There were no litters born to the con-
trol male X treated female pairs (Table 11).

Afier the crossover matng study. the micz
were kilied and selected organs were weighed
(Tables 12 and 13). Althougn there were no
differences in body weight of either sex. con-
sumptior: of DEHP caused ar epiargement of
the liver, both absolute and relative 10 body
weight. In addition, weights of the reproduc-
tive organs were reduced i both sexes.

While there were nc DEHP treatment-re-
lated histologic lesions noted in the female
mice. all but one of the high-dose male mice
evidenced some degree of bitateral atrophy of
the seminiferous tubuies. I addition, ¢.3%
dietary DEHP reduced sperm motility angd
concentration and raised the incidence of ab-
normal sperm forms.

DISCUSSION

*

The contnuous breeding study has been
designed to improve the reliability and sensi-
tivity of fertility assessment. In 2 standard
multigeneration or mating trial study. fertii-
ity is measuved on the basis of & i- to 2-week
mating tria} which results in, at most. & single
fitier per breeding pair. At the conclusior of
such & mating trial the individual pairs tested
can be labeled only as either fertiie or infer-
tile. The historical data collected from con-
trol animals used in mating trial studies have
demonstrated that fertility s a relatively in-
sensitive end point of reproducuve toNITT
because of variations in comtrol values
(Schweiz ez al., 1980). The continuoeus breed-
ing studies have been designed 10 decrease the
variability of rating trials and 1o increas¢ ihe
information gained on fertility without sut-
stantially increasing study COsts (Lamb,
19k5

Uinlike the standard maung trial study. the
continuous breeding study does not call for
the separanion of the male and female ani-
mals between mating and delivery of litters.
The pairs are kept together for a 14-week pe-
riod and multiple litters can be delivered to
each pair. During the 14-week mating trial
period the offspring are removed within 12 hr
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TABLE ! {

MATING TRIAL OF Fy PAIRS TO DETERMINE THE AFFECTED SEX: DI(2-ETHYLHEXYL) PHTHALATE

Treatment group
Control maie 0.3% DEHP Control male
Reproductive parameter X control femaie male X controi female X 0).3% DEHP femaie
No. with copuiatory phugs/
No. zohabited (%) 18/20¢90) 16/20{80) 131681}
No. fertiie/No. cohabited? (%} {8/20¢90) 4/20¢20)? 3160V

Live pups/litter® {n)
Propertion of pups born aiive*
(n} 0.9t £0.06:18)
Live pup weight in 3¢ (n) 1.64 +0.06{17)4

8.56 =0.82.18}

6.50 x 2.36{4) —

0.71 £0.24 (4)? —_
1.73 £0.09 (3% _

“ A pair was judged fertiie if it produced a litter o1 one or more live or dead pups.

? Signuficantty different from controi {p < 0.05).
¢ Values are X + SE.

“ Significantly ditferent from control {p < 0.05).
< All pups from one litter were dead.

of delivery and mating can occur at the first
astrus postpartum. Information on fertility is
collected in addition to that distinguishing
fertile frcm non-fertile and actuaily gives
some indices of subfertility. The number of
litters per breeding pair is the measure in the

protocol which can be used as an index of
effects on fertility. The protocol also nrovides
very stable information on reproductive
effects because each pair produces as many as
five litters and the data on the ltters fom
2ach pair can be summed. This decreases the

TABLE 12

Fy MALE BODY WEIGHT, CRGAN WEIGHTS AND SPERM PARAMETERS AT NECROPSY:

DU2-ETHYLHEXYL) PHTHALATE

% Di(2-ethylhexyl) phthalate in diet

Control 0.3
Body weight (g) 38.25 = 0.43(35)¢ 39.01 £0.62 (N
Liver(g) 223 £4.05(36) 2.34 £0.07 (19¥
Right testis {mg) i35 +£4.4 (36) 335+79 (19)°
Right epididvmis (mg) 58+1.3 (36) 47+19 (19
Prostate {mg) 70 £2.7 (36) 8241 (19)
Seminal vesicles (mg) 369 = 15.3/36) 362 +151 (19)
% Motile sperm 87.47 £ 2.38 (36) 34.70 + 3.41 (i0)°
Sperm concentration

(No. sperm X 10°/mg caudal tissue)
% Abnormal sperm?

473 £24 (36)
2.01 £0.42(36)

L +50 (192
15.37 £5.50 (8)°

? Yalues are x = SE {n).

® Significanily different from controi { o < 0.01).
¢ Significantly different from controi ¢ p < 0.05).
< Tailless sperm were aot included in the determination of percentage of abnormal sperm.
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TABLE 13

Fo FEMALE BODY WEIGHTS AND ORGAN WEIGHTS AT
NECROPSY: DI 2-ETHYLHEXYL) PHTHALATE

% Di(Z-ethylhexyl) phthalate in diet

Controi 03

Rody weight (8} 36.10 1 0.45 (40)° 36.50 + 0.40 (15)

Liver (g} 2.23 £ 0.04 (40) 3.03+06.08 (15"
Brar: (g) 0.46 = 0.01 140} 0.46 + 0.0} (i5)
Pituitary (mg) 3.9x0.2 (40) 3602 (14)
Ovaries and

oviducts and

uterus (mgr WG 2+ 14.7 (40) 336 + 28.8 (15)°

¢ Values are ¥ = SE (n}.
# Sygnificantly differen: from the control group (p <G.01).
* Significantly different from control group {p < 0.05).

ultimare variability of the data on parameiers
such as the number of ive pups per Iitter, the
proportion of pups borp aiive, and the live
pup weight. It also allows the evaluation of
data, such as the time betweer litters, and can
identifv whether or not certain effects on re-
production are only observable at specific
times afier the initial chemical exposure. 1o
the case of the phthalaie esters, the reproduc-
tive parameters were not time dependent
{date not presented;.

Alttough the contipuous breeding study
seems to improve significantly the data col-
lected on fertility. there are certain trade-offs.
Firs., since the mele and female mice are
housed as breeding pairs and the two sexes
have such different body weights, it i1s Dot pos-
sibie 1o derermine accurately the relative dose
of chemucals on a milligram per kilogram:
body weight basis. Such data can only be col-
lecied in either the range finding study or the
separation period at the end of the ]4-week
mating trial. Second. & related problem is that
multiple pregnancies are likely 10 have sig-
nifican effects on the handiing of the chem-
cal by the female mouse. Third, the protocol
produces large demands on data storage and
analyses. Considering the importance of reb-
able data on the effects of chemicals on fertil-
ity, balanced with the relative imprecision of

measurements of feed consumption in ani-
ma' studies, ine wade-off seems jusufied.

Beyond adding new insights into ferzhn
assessment methods, these studies have pro-
vided new daiz on the effects of phihalate es-
ters on fertility and reproductive function 1n
both male and female mice. Previous studies
have been limited to evaluating effects either
on the testis or on development znd have
rarely evaluated fertility per se. These studies
have demonstrated that ferility and repro-
ducton are affected by exposure to DBP.
DHP, and DEHP, but not DEP {Table 1).

At the top dose levels, all three phthalaie
esters (i.e., DBP, DHP, and DEHP; adversely
affected the number of fertile matings. The
top dose levels caused some decrease 1 body
weight gain for DBP and DHP. but not
DEHP. At dose levels where there were fertile
matings, there was & decrease either in the
number of live pups per litier or in the pro-
portior of pups born aiive. Although the de-
velopmenta! toxicity of DBP. DHPF. and
DEHP had beer .demonstrated (Shiote and
Nishimurz, 1982, NWIOSH, unpubiished
data), the present 1 vestigations were the first
to demonstrate efiects on female fertility and
reproduction (decreased litters or litter size!
after exposure 1o the same compounds { Tabie
5, 8, and }1}). ideally 10 these studies the top
dose group shoui¢ cause some measure of
general foxicity. such as a small decrease in
hody weight gain, to ensure that if effects are
not prodiuced it is not because the dose jevels
are 100 low. DEP did cause decreased body
weight gair, but did not affect reproduction.
The datz from this studv on DEP not oniy
confirmed that the compound is not a devel-
opmental toxicant, but also demonstraiad
that it does not measurably affect fertibry 1o
the firs: geneyanon; it was, however, assoc-
ated with decreased litwer size in the second
generation.

These studies have also provided new data
on the effects of phthalate esters op fertility
in male mice. Both DHP and DEHP caused
significant effects on fertility. epididymal
sperm concentration, percentage of abnor-
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mal sperm, and percentage of motile sperm.
These new observations further expand the
existing data demonstrating testicular atro-
phy after exposure to these phthalate esters
{Cater et al., 1977, Foster et al., 1980; Gray
and Butterworth er 2/, 1980; Oishi and Hir-
aga er al.. 1980). The failure of DBP to cause
significant adverse etfects on fertility in male
mice seems (o be a species-specific response.
It had been demcnsirated that DBP does
cause testicuiar atrophy in rats and guinea
pigs. but mice were mach less affected (Gray
et al., 1982). These continuous breeding stud-
ies show the lack of significant effects on the
tests, eptdidymal sperm coacentration, per-
centage of motile sperm, or percentage of ab-
normai sperm, in addition to the iack of
effects on fertility and reproduction in maie
mice sxposured to DBP.

In the continuous breeding studies, as in all
reproductive oXicity tests, it is imporiant to
refate the findings in the reproductive system
to the Andings in other organ svstems. The
dose levels were selected such rhat severe sys-
temic toxicity would aot be caused at the
ugh-dose level. to assure that eifects on re-
producticn are aot the resuit of severe sifects
on generai heaith. The middle and low doses
were selected 10 cause lesser or a¢ adverse sys-
temic =ffects, respectively. For ail four com-
pounds, the body weights {comparison based
on male body weights) were within 3% for the
high-dose groups and controis at the start of
the studies. By the 13th week of the study,
maie body weights in the high-dose groups
generaily were lower than in the controis but
were not suppressed more than 10%. An ex-
ception o this was DEHP, which did not sig-
nificantly decrease body weight gain in the
high-dose group, despite causing significant
adverse eifects on reproduction and fertility.
Therefore, 3 common point of reference or at
least a target for these studies is that the top
dose group was selected 10 cause a 5—-10% de-
crease in body weight gain by the 13th week.

These investigations have compared a com-
prehensive set of end points on fertility and re-
producticn in both male and female CD-1

26 LAMB ET .

mice. These data demonstrate that the number
of litters per pair is a stable indicator of effects
on fertility from study to study and across dose
groups (Table 1). The compound DEP was
given at sufficient levels to decrease body
weight gain but did not affect fertility in the first
generaticn, while the other phthaiate esters,
DBP, DHP, and DEHP, caused similar or
lesser affects on body weight while severely
aifecting reproduction and fertilitv. The data
on DEP heip demonstrate that the model will
tolerate significant effects on general health
without causing changes n reproductve end
points. The data from this protocol appear very
reproducible and the protocol should be asefuld
for the assessment of reproductive toxicity of a
wide variety of chemicais.
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