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Reproductive Effects of Four Phthalic Acid Esters in the Mouse. Lt.MB. J. C., IV, CHAPIN, 

R. E., TEAGUE, J., LAWTON, A. D., AND REEL, J. R. (1987) Toxicol. Appl. Pharmacal 88., 

255-269. 1bese studies compared the reproductive toxicity of four ph~ by a continuom 

breeding protocol. Mioe were given diets with dietbyl phthalate.(DEPJ (0.0. 0.25. 1.25, or 2.5%), 

di-"·butyl phthalate (DBP) (0.0. 0.03, 0.3. or 1.0%), di-n-hexyl phthalate (DHP) (0.0. (;_3, 0.6. 

or 1.::!%). or diC:!-ethylhexyl) phthalate (DEHP) (C.O, O.Ol, () .. 1. or 0.3%). Botll male and female 

CD-1 mlct' were d()S(".d for: day!. prior to and dunng a. 98-day cohai:matior period. Reproduetive 

function wm. e-valuateC durilli!. the cohabttatior, period b~ measunn~ the number's ofhtrerr- per 

pair and oflive pupt; per littt:r., pup weight, and ofiSpring swviva:.. There was nc• apparent effect 

on reproductive fum .. -tion in the animals expolle(! to DEP, despite significant effects on bod) 

weight jUiin. and. liver weight. DBP exposurt resulted in a reduction ID the number!. of litters per 

pair an<i of live PUJJ6 per iittt:r and in the proportion of pup~, bom alive at the l.O% amoum:. but 

not at lower dose levell. A crossover mating trial demonstrateci that femB1e mice, but no1. males. 

were affected by DBP, as shown by significant decreases. in the percentage of fertile pam,. the 

number of live pups per litter. the proportion of puPf bc1rn ahvt:., and live pur. weight DHf' ir, 

the diet resulted m dose--related advellie ~on the. numbers of litters per parr and ofhve- pupt; 

per litter and J.lTOportioD of pupt; born alivt at 0.3, 0.6, anc' 1.2'11: DHP rr, the diet A crossove~ 

mating. study demonstrated that both sex~ were affected DEHP (at O.l anc u.3'K,) caused d()S("­

dcpendent ~ in fertility and in the number and the proportior of pups born ahve. A 

crossover mating trial showed that both sexes wen affe.::ted by exposure to DEHP. These data 

demonstrate the- ability of the continuous breeding protocol to discriminate the qualitative and 

quantltat've reproductive effecu o:tht more and I= active congeners as well as the large differ­

ences in reproductive toxicity attributable to subtle changes Ill the ali::yl substnution of phthalaU: 

esters. It !98~ Academic Prcso.. Inc 

Phthalic acid esters are v.idely used as indus­

trial plasticizers. By far, the maJOr use is in 

polyvinyl chloride products, including nu­

merous consumer items and medical sup­

pli~. ln 1978. annual production of di-(2-

ethylhexyl) phthalate (DEHP) was estimated 

at 400 million pound.<. (U.S. international 

1 To whom reprint requests sboukl be llddrased: 

lame!. C. Lamb IV, Office of Pesticides and Toxic Sub­

stanalS (TS-788), U.S Environmental Prot.cctlon 

Asency, 401 M Street, S.W,, Washington, 0C 20460. 

Trade- Commission, !9"'F). The biological ac­

tivity of some phthalates is known and has 

been reviewed (Thorn~- era!.. !978). Diethyl 

phthalate (DEP'1 h!U been shown to be inac­

uve lU, ~ reproductive tOXlGant. while ffi-n-bu­

!y) phthalate (DBP). dl-n-hexyl phthalatt: 

\DHP;, and DEHP have been shown to ad­

versely affect reproduction ( Gangolli. 1982, 

for review). 
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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 effects on fetal development and in­
creased resorptions when given in the diet of 
pregnant mice tShiota and Nishimura., 1982). 
Both DBP and DEHP exposures were related 
to m increase m the ;ncidence ;)f external 
anomalies in the offspring (Shiota md 'iishi­
mura. i. 98~). 

The developmental toxicity ofDEP. DBP, 
DHP, and DEHP was studied with CD-1 
mice in a short-term developmental toxicity 
protocoi (NIOSH, unpublished data). In 
those studies. the compounds were adminis­
ten~d by gavage :1t dose levels resulting i,n 0 
to 10% maternal mortaiity. DEP caused 4% 
maternal mortahty, 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 no v1abie litters: 
and DEHP caused no maternal mortality 
and there was a low inc1dence of vmbie lit· 
ters 12/32). 

Testicular toxit."ity has been demonstrated 
in the rat after .::xposure to DBP, diisobutyl 
phthalate, di-n-penty! phthalate. DHP. and 
DEHP, but not dimethyl phthalate (DMP), 
DEP, dipropy! phthalate {DPP). di-n-hepty! 
phthalate, ;Jt 'ii-"l-<X'tYl phthru.ate ',Cater et 
ai .. 19'77; Fbster et ai., 1980; Gray arid But­
terNorth, 1980; Oishi and Hiraga. ! 980). 
Monoesters of phthalic acid were similarly 
effective at inducing testicul.ar atrophy (Fos­
ter et a/., 1981 ). 

There are significant species differences in 
the testicular toxicity of the phthalate esters 
{Gray et ai., i 982). Rats and guinea pigs Je­
veloped severe atrophy after treatment with 
DBP (2 g/~g/day f'Or 7 or 9 days}, mice devel­
oped only t0cai atrophy, and hamsters were 
not affa-ted. Other investigators a1so demon­
strated U..at me mouse is somewhat less sensi­
tive to the testicular effects of DEHP and of 
mono-(2 -ethylhexyl) phthalate than rats 
(Curto :md Thomas, !982). AJverse ~ffects 
were not observed after DEP exposure in rats 
(Foster et al.. 1980), although the female rat 

has not been studied. The testicular toxicity 
of DHP in mice is similar to that observed iD 
rats (Foster eta/ .. 1980). 

DEP, DBP, DHP, and DEHP were tested 
by a continuous breeding protocol to evalu­
ate their effects on fertility and reproduction 
in mice. This approach has been demon­
strated to be useful in identifying etfects 
on maie and temaie reproductive funcn.on 
(Lamb, ! 985; Reel et al .. l985; Lamt et a.l.. 
l985a,b). The protocoi consists of a 1-l-week 
period during which male and femak miCe 
are cohabited as breeding pairs. The data col­
lected during this period indude the number 
of litters per pair. the numbt:r of pups per lit­
ter, the proportion of pups born alive, and the 
mean pup weight. Each pair may produce up 
to five litters, each of which iS evaluated. The 
pairs are segregated at the end of 14 weeb so 
the temales may deliver the final litter which 
,.;an be used to evaJu;lte repraduct1ve effects 
on the second generation if adverse effects :are 
not seen in the first generation. If reproduc­
tion is affa-ted in the first generation. 1 <:ross­
over mating trial. is conducted; thar tna.! con­
sists of cobabiting control ma!es Wlth o,-eated 
females and treated males with control fe­
males to determine which sex has been 
affected. The fif'>t and second generaticn may 
be necropsied and cmooget organs evaluated at 
the end of the respective mating trials. 

The animals in these studies were exposed 
to dietary levels as high as 2.5% DEP, LO% 
DBP, 1.2% DHP, or 0.3% DEHP in the diet. 
Differences in the reproductive effa"ts of the 
chemicals were measured and related to the 
alkyl substitution of the phthalic 1d.d esters. 

METHODS 

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

DBP was obtained from Chern Central (Kansas City, 
MO) and was determined to be >99% pure by thin-layer 
chromatography by two 'ry'Stems and gas chromatogra­
phy by two ,;ystems. DBP was stable in the teed tor up to 
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_; wee~;.s ar - 2o·c an(; a: kast 7 days wher. eF.)Xlsed to 

:1mbient room air and light 

DHP was synthesized t>~ the Midwest Research Insti­

mte (Kansas City, MOl and w~ shown tc be approxi­

mateh 91l'J< pure by thin-layer chromatograph) and gas 

chromatography by two systems. DHP was stable in the 

feed for up to 3 weeks a1 room temperature when stored 

m the dark and at le-ast 7 days in room air and light. 

DEHP was obtained from Hatco Chemical Corp. 
(Fords. "i]) and waf. found by chromatographic and spec­

trophotometric analyses to be > 99'it· pure. DEHP was 

stable in the feed m room air and light for 7 days. 

Animals. COBS Crl:CD-1, OCR)BR outbred albino 

mice '6 weeks of age) were purchast"-d from Charles River 

Breeding Laboratories. Inc. (Kmg.qon, l'T). Two males 

and two females were sacrificed and their sera evaluated 

for antibodies against II mouse viruses (Microbiological 

Associates, Inc .. Bethesda. MD). All sera wert negative 

for viral antibodies. All stud.) animals wen individually 

1dentified and assigned to treatment groups using a stnati­

fied randomization prooedure based on body weights 

Mala and females were group housed b~ se,. in solid­

bottom polypropylene or polycarbonate cages with 

stainles£-steel wire hds, during quarammr and the !­

wee~ prematinf, period Subsequent!), the animals were 

housed as breeding pam or individually At>-Sort-::m 
beddinF (Laboratory Products, Inc. Garfield. NJ j was 

used m all cages. Deionized/filtered water and ground rc~ 

denl cho\11 were proVIded ad libitum Automati:::all~ con­

trolled pholoperi<Xb were 14-hr light'IV-hr dark (lights 

on 0700 u; 21 00 hr) and temperaum was maimainec' at 

23 ± 2"C Cages wen sanitized weeki~ using dett.--rgent 

and l80"F water. 

Dosagc_formulatwn and analysis Each concentration 

of each compound was mixed separately rvery week.. A 

stocl nw:tu.re of dosed feed was pn:pareO by weighing an 

aliquot of test chemical and mixing it with a small 

amoun~ or ;x>wdered feed ir, 2 t>o.-aker DEP. DBP. and 

DHP dleu were prepared Wll.h NIH-07 diet (Ze1gier 

BrO£ .. Gardners. PA.) whiie DEHP diet!- were prepared 

with Punn2 certiiu·.d chow (5002; St. Louis, MOl The 

stod mixture was ther, added tc a preweighed ponwn of 

untreated grounc feed and mixr.d in a Patterson-Kelly !\­

quart stamless-st~i \' -!ype blender and blendc-.d for at 

leasi 20 mm. Diet> with DEP and DBP were stored a\ 

- 20"C and die!.~ with DHP and DEH.P were stored at 

4"C unti! used. For ead chemica! an aliqum of each for­

mulatim .. anc' feet controL and the hult matenai was 

sem tc MidwesT Research institutr (MR.Il fo= referee 

analys1~ eve-: f week>. The measurec concentl"lttJOm. 

were be1weer 9t· and I ()(lqt. for DEP 9t. and I (P'lf for 

DBP 9S· ano 103% for DHP, and !16 and 10'7% for DEHP 

o~ target concentration. 

General study design. Tbf specific study design has 

been published (Reel er a! .. 1985: Lamb e1 a/. l985a,b). 

The i4-day dose-!Jetting study for DEP utilized one con­

trol group and five groups of dosed animals (n = 8 males 

anc R female> ;-n:c trea:rnenl '!~vel. Tne end point~- f..­

th!l' study were chm~~ sJgn&. mortalit~, body we~ht 

gam. and consumpuor. olfooe and water. The contim,. 

ou~ tJreeding. phase usee';;; contw! group (r. ; 40 am mal> 

of each sex\ and thret aose groups I r. = 20 arumal~. oi 

eacb sex). The m1cc: wen exposed to the chemical for a 

7 -day pre mating penod and were then random!~ 

grouped as mating pairs and mhabited and exposed for 

9£ days. Datt. were collected' on all newborns durint tills 

period (body weight pmpornor:· of males. number offu­

ters per pau. number of live pups\ within 12 hr of bmh 

after which each litter was chsearded. After the 98-<l.il~ 

cohabitation, the pairs were separated for 21 days ana 
exposed durinF which any fmaJ lttten were delivered anc! 

kept for at least 2 J days. Fo: DEP. these fina! litters werr 

allowed to mature while thr mother continued to rereJV\" 

dosed feed until the pup& were weaned a1 2! days of~ 

When these F1 animals were sexually mature (ca. 74 

daysj. male offspring were mated to female o~ 

from the same treatmenl group In = 20/group/sc:x). and 

thr F: linen. were examined f0r liner size. survival. sc:;.. 

anc PUl· weight. The F, animlll> were ther: necrops1ed 

Wheri sij!nincam adversr efteru were obsel'Ved in the 

continuom. breedinF phast.. c crossover matmg tna: wa:: 

perfonnecl w determine whether Fe. male1-. or femal~­

were more sensitive to 'the effecu, For DBP. DHP. and 

DEHP, then. were ad verse effects noted on reproduction. 

Th~ al tht end of the continuous breedm~ phase. til<' 

high-dose· ammals of each sex were mated to contro: m•;:.-e 

of the oppositf sex w determme tht affecte<i ser. Tne 

high-dose animal~ were seleeted lG mcreast tht possibii­

ity of d..'"tectint effect!- in the crossover matmt Three 

combinations o' control anc treatec• mK-e were seiecti'Jd 

control males witt, c-.ontro) femaJes high-dose males wtth 

control females. and conuol males with hlgh-dose ft-. 

males. The offspring of the crossover matings wen ana­

lyzed a' above, and the parents were necropsied. lbe 

crossove~ mating w& nol dont for DEP. sinre significant 

effect<. n::>: ohservcc m tht contm uous breedmg ph~se 

Necrops1~- were perfom1ed when there was evidenct 

of an eftec; on reproduction or. at the least. in the second 

generatwr: i: there was no effec,. End points examm:-d 

for the femal~- mciuded organ weightr. and histolog) At 

necrops~ . the enc points of targe: organ tC'XICit~ e"am­

ined for tiK maie~ mcluded orgar we1ght~ and hlstolog'. 

percentage of motilt sperm. sperm concentration. ana 

percentage o: abnonnai sperm !W yrohe~ and Bruce. 

19.,5). The ngh: cau<ll! ep1d1dynm. was excised and 

we1gheo w the neares1 0.00 i !!-- Spem motilit) wli! as-­

sessee 1mrned:ate\' fohowmg the rem ova: of the :-.auda 

epl(hdymi~ from the tesr. ammal. A smal!. amounl of sem· 

mal tlwd was pressed from the cauda into a drop of 1 yr­

~'~ solution on a prewanned slide (37"C; The sample 

was coverslipped and examined for percentage of motile 

sperm. under 400 magnification with a stage wanner at­

tached io the microscope. The data were reported as per· 

centage of motile sperm per sample. 
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The entire cauda epididymis was placed in a petri dish 
with 2.0 ml sterile Tyrode's solution (pH 7. 4) and gently 
chopped and the contents "milked out." The petri dish 
lS swirled to disperse the sperm and incubated for t 5 min. 
After the 15-min incubation. the sperm suspension is 
swirled Jeveral times and gently llushed through a Pas­
teur pipet. 

Sperm count was performed as lbllows. A i). .5-ml ali­
quot 0ithe ongmaJ -;perm suspension was [)laced :n .1 ~est 
;uhe I l5 .'( !00 mml and diluted with l.O ml Tyrode's 
>oluuon md :mxed •Jn <1 Vortex m1xer. Tbe ;perm were 
Killed by placmg me test tube under hot running water 
tor l min. The suspension was '.lgltated and cwo aliquots 
were •:ounted per sample m a hemocytometer (Fisher 
Sc:entJfic. R.lleigil, :'IC). The Jata .vere reported as num­
ber of cauda epuiidymal sperm per milligram of tissue. 

The procedures and ~-nteria of Wvrobek and Bruce 
( ~ <r;y, were used to evaluate sperm morphology. There­
maining original sperm suspension (approximately ; ml) 
was transferred :o a test tube (:0 ., 7'3 mm) and one drop 
of l% Eosin Y 'ltaln m water was added. The test tube 
was allowed to sit for :iPPfQximate!y 45 min. The ipei1Il 

were then resuspended. four 'llides were made from each 
·mspension, lir dried overmght. and r;overslipped. For 
each >ample. 500 sperm were exanuned 1f pussible at 400 
magmficarion and 1eored as aormal or abnormal. The 
data JVere report.ed as iJCfCelltage of <~.bnormal :>perm per 
'>ample. 

Statisttcal anaiyszs. The Cochran-Armitage test 
(Amutage. 197J) was •lSed 1otesuforadose-reiated trend 
in tertility. Pairwise comparisons involving mating and 
fertllity mdices were performed using Fisher·s exa~."1 test. 

The number <>flittern and the aumber ..>fl.ive pups per 
litter "IYere computed 'Jn a per tertile pair Oasis and r.hen 
creatment ~oup means determined. The proportion ,Jf 
live :>ups wasdeiined IS the numheroipups produced by 
each patr. The ;ex :"aUO was expressed as the 'proportion 
of male pups born '.C ·:!"'<~eh fertile pair. Dose group means 
lor these parameters were tested for overall differences by 
using the Kruskal-Wallis test (Conover, !980) and for 
ordered differences by using Jonckheere's r.est (Jonclc­
heere.. 1954) .. Pairwise ·::omparisons of treatment group 
means were performed by applying the Wilcoxon­
Mann-Whitney U test (Conover, \ 980). 

Since the lUmber of pups in a iittermay ·lffect the aver­
age oweigllt of the litter, an analysis ,Jf covariance (Neter 
and Wasserman. i974) was used 1.0 test for treatment 
differences in avemge pup weigb.t, adjusting for average 
litter size (live md dead pups). Pail'Wlse comparisons 
were .:kme !lSing a :wo-sided t test. A Krusltai-Wallis test 
was :Jlso performed. 

for the orsan weights, least-squares treatment group 
means 'N<ere generated from an analysis of covariance 
{with l>ody weight JS ~.he covariate) and were tested for 
overall equality using the F te:."t. and for pairwise <!Quality 
'lSilliJ a c test. ·:Ul ·~nmparisons were two Sided. The 
'K'.J:uskal-Wallis 111d Wilcoxon-Mann-Wlutney U tests 
JVere also emploved. 

RESULTS 

Diethy/ Phthalate 

The 14-day repeated-dose study included 
levels ofO.O, 0.25, 0.5, l.O, 2.5, and 5.0% DEP 
in the feed. There were no dinical. stgns of 
toxicity or mortality in any group. The high­
dose group gained :>ignificant1y less weight 
than the control.s, 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, I 25, and 2.5% 
DEP were selected for the continuous breed­
ing phase of the study. No treatment-related 
changes in physical appearance or demeanor 
were noted during this period. One mak in 
the 125% group and two males and a female 
in the 2.5% DEP group died. At the beginning 
ofthe study, the control and high-dose groups 
weighed an average of35.l and 34.l g, respec­
tively By Week l3, the controls weighed an 
average of 38.0 g, and the high-dose males 
we1ghed an average of 35.6 g; the 2.:5% DEP 
animals weighed significantly less than ·~on­
trois at Week 13. The weight gam of temales 
was .not significantly affa.'ted. Analysis of feed 
consumption for the pairs showed that be­
t<lVeen :5.0 and 5.6 g of feed W:lS consumed per 
mouse per day, regardless of treatment grQup. 

Exposure to DEP did not alter the number 
offerti.le pairs, the number of litters per pair. 
the number of pups per litter, the proportion 
of pups alive, or the live pup birth weight {T a­
ble I). 

Since fertility and reproductive perfor­
mance were not affected in the parental. mice 
(F0 generation), the fertility and reproductive 
performance of the offspring were assessed 
once they reached sexual maturity. The final 
litters from the continucus breeding phase 
(F1 generation) in the 0.0 and 2.5% DEP 
groups were weaned at 21 days of age. The F1 
animals had ao.."eSS to diet with the same lev­
els ofDEP as their parents until the end of the 
5tudy. When these F 1 animals were approxi­
matdy 1 0 weeks of age, pairs of control mic:.,"e 
and pairs of2.5% DEP-exposed mice were co-
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TABU; 

FERTILID ""'D REPRODUCfiVf PERFORM A "'CE ·:J" M '. Tl"o/G P ,,IRS lF0 GE!•fEU-. TION! 

DURI"'G CO"TI"'lUm!S BREEDINC 

No. fertile/No. 
cohabited• 

litters/pair" In) 
Uve pupsflitterb (n) 
Proportion of pups 

bom alive' ill) 

Live pup weJghtb (n) 

No fertile/No. 
cohabited(%) 

Lmers/pair! n\ 
L1vt pups/iiner(n) 
PmportloD of pups 

born alive (n) 

Livt· pup weight (n\ 

No fertile/No. 
cohabited {%) 

Liners/pair (n} 

Uve pups/litter ( 11} 

Proportion of pu~. 
born alivf"(n) 

L1ve pup weight (fl) 

No. fertile/No 
cohabited(%\ 

Liners/pair {Ill 

Llvt> pups/htter ( n \ 
Proportion of pup~. 

born alJvf: (n\ 

L1ve- pup weights (n) 

Control 

40i40(l00) 
4.73 :t 0.16 (40) 

10.27 ±0.48{40) 

0.96 ± o.o:· (40J 
1.63 ± 0.02 (40) 

C'.ontrol 

39i39(100i 
4.85 ±. 0.0'1 C~9) 

12.og ± o.J!\ 09~ 

1.00 ± 0.00 (39) 

1.58 :t 0.02 (39) 

Control 

37/37 (100) 
4.89:: 0.05 (37) 

12.29 ± 0 40 (37) 

0.99 ± (",.()() (371 
J.&c::. o u1 o~, 

Control 

40;40(100.1 
4.65 ± 0.13 t40) 

10.62:::: 0.3:'.' 140) 

0.98 ± 0.0!1_40! 
L57 :t O.o2 i40: 

q; Diethylphthalate in diet 

0.25 

20/20(100) 
4.90 ± 0.07 (20~ 

12.64 ± 0.34 (20)' 

1.00 ± 0.00 (20 
1.59 :t 0.02 (20) 

1.25 

19/19{!00\ 
5.00 ± 0.00{19) 

11.73 ±0.30(!9)11 

1.oe ± o.oo (191 

1.60 ± 0.02 (!91 

% Di-n-butyl phthalate in die1 

0.0: 

20/20 (HlO) 

5.00-=: 0.07 (20) 
1:..27 ± 0.38 (20) 

1.00 ± 0.00 (20) 
1.56 ± 0.02 (20) 

0.3 

!&/18\100; 
4.-,2:tOl8nRl 

1 L""'3:: 0..43 08J 

0.99:±-0.0l (18) 

1.57 ± 0.02 118) 

'* Di-n-hexyl phthalate in d1et 

a.3 0.6 

14/17 (82)11 l/!9{5)' 

3.43 ± 0.34(14}' 4.oon; 
3.43 ± 0.48 (14)' 6.50(!) 

0.84:: 0.03 (14)' 0.79(1) 

L"'' :: o.e~ 04)' l.t: i j) 

'J. Di(2-ethylhexyl) phthalate in diet 

O.oJ 

20/20(100) 

4.65 ± O.!R (201 
9.92 ± 0.50 (20) 

0.99 ± O.OJ \20J 
!.5!1 ± 0.03 (20) 

0.' 

J 4,'? <; \i4; 

:t07 ::.0.49(!4)' 
S.J6± Ll3d4l' 

0.1!0 ± 0.09 ( i4)' 

1.6: ± 0.04 i 13)' 

• Pairs were considerod fertile if they produced one or more liners. 

bVaiuesarei± SE. 
'Significantly different from control (p < 0.01). 

• Significantly differe&t from control (p < 0.05). 

2.5 

18/18 (100) 
5.00 ± 0.08 08) 

10.61 ± 0.43 (18) 

0.99 ± 0.00 ( 18) 
1.64 ± 0.03 ( 1 8) 

1.0 

lS/20(75Y 
1 .t~n :: o.26 ( 1 sr 
1 ;-;: ::t 0.49 ( \5)' 

0.50 ± O.ll (!5)' 
1.64:::: 0.07 (10) 

1.2 

0/16(0t 

(;.3 

0/18 (0\ 
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TABLE:! 

fERTILITY AND REPRODUCTIVE PERFORMANCE OF P>\IRS OF OFfsPRING (Fl GENERA T!ON): CONTINUOUS 

EXPOSL'RE TO DtETHYL PHTHALATE 

"Jo. Nlth :;opulatory plugsrNo. cohabited(%) 
1\io. rertiletNo. cohabited" :."'ll 
Lve ;JUps :Jef !itterb (n) 
Pmoornon ·Jfpups born alive·' In) 
Lp;e m1p 111eigbt m gb (n\ 

% Diethyl phthalate in diet 

Control 

~on01100\ 

l9i:O (9:5) 
1 u:;.:: 1).54 i :9) 

0. ':19 :: 0.0! ( !9) 
1.51 ± 0.03 ( 1 Q) 

2.5 

20(:0\ lOO) 
[9(20(9'5) 

9. 95 .:: 0.5 7 i; 9)<' 
0.92 ±: O.O"i i: 9) 
1.47 ±ll.01·l9) 

., A p:ur was judged fertile :fit produced a titter of one or more live or dead pups. 
"Values :u·e ( = SE. 
"Sigmlicantly different from control i p < 0.05). 

habited to evaluate reprcductive tiJncti.on. 
Body weight was decreased in the treated ani­
mals compared to controls; at weaning the 
male body weights were 8.22 ± 0.37 and 
W.96 ± 0.64 g (n = 20, both groups. mean 
± SE), respectively. At the start of cohabita­
tion, these values tbr treated :1nd control 
males were 29.13 ± 0.74 and 32.9i ± 0.81 
g (n = 20 for each) for treated and control, 
respectively. Table 2 shows that exposure of 
the F 1 arumals to DEP had no adverse effect 
on fertility, the proportion of pups born alive, 
and the live pup birth weight or sex. although 
the total number of live pups per iiuer (com­
bmed male and female) was signincantly 
lower i.n the 2.5% DEP group. 

The F: mice were na--ropsied at the conclu­
sion of the offspring assessment. Table 3 con­
tains data on organ weights and sperm pa­
rameters for these adult males at na.1opsy. 
Body and organ weights are given for the fe­
males in Table~- Body weight was decreased 
by DEP in both sexes, while male prostate 
and female li·-t':!r weight were in1..1eased. and 
:emale pituitary weight was decreased. 
Though sperm motility and the percentage of 
abnm-rn.al ->perm were not affected by DEP 
e:{posure, the sperm concentration was de­
creased in the treated animals. 

D1-n--butyl Phthalate 
Sufficient data were available (NIOSH, un­

published data) to select DBP dietary levels 

without performing the l ~-day repeated-dose 
study. The dose levels selected were 0.0, 0.03, 
0.3, and i.O% 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 animals from the 0.03 and 
LO% groups died during the study. Feed con­
sumption was not affected by the addition of 
OBP to the diet. In Week l the body weights 
were 37.3 and 37.0 for the control and high­
dose male mice and by Week 13 the control 
males weighed an average of 42.9 g and the 
high-dose males weighed 39.8 g. The femaie 
mice weighed 28.6 and 29.4 gat Week land 
39.8 and 38.1 g at Week 13 for the control 
and high-dose mice. respectively. 

Oniy the high dose of DBP significantly 
affected reproduction, decreasing the fertility 
of breeding pairs, the number of litters per 
fertile pair, the average number live pups per 
titter, and the proportion of pups born alive 
compared to the control group (Table l ). 

A crossover mat,;ng was conduct~d and 
while the proportion of detected matings 
was not affected, the proportion of fertile 
matings was significantly reduced in the 
control male with l% DBP femaie group 
(Table 5). In addition, the number of live 
iJUps per litter, the proportion of pups born 
1iive, and the live pup weight were signifi-
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TA.BU: ~ 

MALE BoD' WEIGHTS AND 0RGI\N WEIGHTS ANi, S.;>ERM P ARAMf:'ER.'- :>f 0!-FS/"RJNG A 1 NFC\?OPS'r 

If, GENERATION 1: Dlr···Fn ?Hn-v.:..A n 

BodY weight (g) 

Liver tg) 

Bntin (.g) 

Pituitary (mg) 

Let\ testis and epididymis (mg) 

R.tgh; testn. '.mg) 
Right epididymis (mg) 

Prostate ( mg) 

Seminal vesicles (mg) 

% Motile sperm 

~penn concenuation 
(Nc. sperm x 1 ci' lms caudal tissue) 

% Abnormal sperm c 

')( Diethyl philialatf" in d1et 

C.onrrol 

34.16 :t 0.81 {20)~ 

u.;:: <LOt. (20l 

0.48 ± 0.00 ()0) 

2.2::!. 0.! (20) 

183 ± ~.7 (20) 

!?-'7::Li.4 (20\ 

5! :! 1.3 (20) 

2S ± 1.3 (20) 

340 ± !7.4 {20) 

60.20 ± 6.82 (20) 

102! ± 48 (20) 

3.97 ± 1.04 (20) 

:.5 

30.20 :t 0.61 (20) 

1.8°:: 0.05 (20) 

0 4R :: O.()J (20) 

::.' :t O.l (20) 

}(;7 :t 8.2 (20l 
~~·6 ± 3.<1 (20) 

51 :t l.f (20i 

33 ± 2.3 (20). 

301 ± 10.8 (201 
57.60 :t 6.6 I (20) 

718± 36 \2W· 
6.57 ± 2.08 (20> 

"'' alu~ are 5::: SE ( rn (significance indicau-Al if p < 0.05). 

1
' S~gnificantl~ different from ::ontrol (p < 0.0! i 

' 'I aillesf. sperm not included in determination of percentage of abnormal sperm. 

cantly decreased in thi& mating group com­

pared to control pairs. 

The control and l.Oo/r DBP-exposed Fe 

:aicf were necropsied 26 days aftet the com­

pletion of the. i -day crossover mating trial. 

T A.BLE4 

fEMALE BoDY WEIGHTS AND ORGAN WEIGHT~ Of 

0F:PsPRINC· A1 NECROPSY (F, GENERATION): DIETI-'YL 

PHTHI\.U.TI 

Diethyl phthalate in die< 

Control 

Jiod~ WC!ghi (g) 30.57 ± 0.6i (20)" 

uveqg1 1.1\'< ::t C.OH !9) 

Brain tgJ 0.48 ± 0.001201 
:,.~ ± (U (201 

39:! 2J (20) 
340 ± 25.3 (20) 

::.s 

28.2 j ~ 0.~·; (20'" 

::.:::! 0.0" (20l" 

(j 4f' :! 0.0<1 (20) 

:.li:! 0.; (20: 1 

38 ± 1.7 (20) 

326:! 23.9 (20) 

Sperm assessment did not demonstrate any 

significan~ difference in the percentage of mo­

tile sperm. the sperm concentration. or the 

percentage of abnormal sperm in the cauda 

epididymis between male mice exposed to 

0.0 or 1.0°k DBP in the diet (Table 61 OL the 

other hand, body weight w& significantly de­

creased and the adjusted liver weight was sig­

nificantly increased (2. i 6 ± 0.04 g for con­

trols compared to 2..4U :: (!.05 g for LO'Ic 

DBP: p < 0.01) in the male mice feel LOCJr 

DBP (Tabie b In the F0 femaies. iiver weigh~ 

was significantly increased an(; ulenne weight 

was significantly decreased in the l.Oo/r DBP­

exposed group ve:rsu!> the ;.;omm: group IT a­

ble 7). No tre.atmenl-related gro~ o; h1sto­

pathologic lesiom were noted br the testi~. 

epidldymts, prostate. or seminal vesicle~ m 

the male mice, or for the ovary, ovidu:::t. 

uterus. or vagina m the female m1ce. 

Di-n-hexyl Phthalate 

No dose finding study was perfonne.d for 

DHP, since general toxicity data were avail-



TABLES 

MATING T!UAL OF F0 PAIRS TO DETERMINE THE AFFECfED SEX: DI-n-BUTYL PHTHALATE 

'-lo. with copulatory plugs; 
'lo. cohabited(%) 

'lo. fernle/"<o. ~ohabited" 
\(~) 

Live puosditter• !11"1 

Pmpomon cf pups born 
aiive· , nl 

Live pup weJght in g'" in) 

Control male 
'< •:ontrol temale 

l4/l'l{74) 
7.71 ±0.44•'4) 

0.95 :!: •}.05 : ;4) 

1.83 ± :uo' 14) 

Fo pairings 

! .. 0% DBP male 
'<. control iemale 

l 'T/20 (85) 
9 .)5 ± 0.87 117) 

O.:JQ ±O.Ot (17\ 
I 69 :t 0.04 (I 7) 

Control male 
< 1. 0% DBP female 

4t19i2J\b 
0 . .,5 ± 0.2S \4';" 

0.63 ± 0.24 i4)" 

14! ±0.1! •.JlJ 

a A pair was judged fertile 1f it produced a litter Jf one or more live or dead pups. 
b Significantly different :Tom controls (p < 0.0 I). 

\1 alues .He Z = SE. 
"Significantly different from control (p < 0.051. 

able \NIOSH, unpublished data). Dietary 
amounts ofO.O. O.J. 0.6. and 1.2% DHP wl!re 
used m the continuous breeding phase or r.he 
study. In the ..:ontrol group three males died. 
in the 0.3% group three temales died. in the 

0. 6% group one female died. :md m the 1.2% 
group four temales died. Food consumption 
was not affected by the addition of up to 1 .2% 
DHP to the diet. Mean be<iy weights tor the 
maie mice were 38. !, 38.7, 39.L :md 38.2 g 

TABLE6 

F, \1i,LE Boc;_y WEIGHTS. ORGAN WE!GHTS. 0\ND SPERM P 4RAMETERS .>. T 'fECROPSY: DI-n-BUTYl.. PHTHALATE 

Body weight (9) 
Liverig) 
Brain :,g) 
Pituitary (mg) 
Left testis and epididymis (mg) 
Right testis ( mg) 
R1ght epididymis lmg) 
Prostate lmg) 

Seminai vesicles 1,mg) 
% Motile sperm 
Spenn concentration 

(No. sperm'< !03/mgcaudal rissue) 
% Abnormal sperm c 

"Values are (::)E. 

'Significantly ,fifferent (p < 0.0 I) from .:ontrol group. 

% Di-butyl phthalate in diet 

Control 

42.53 ± 0.65 (37) 4 

2.23 ± 0.05 (38) 
0.48 ± 0.01 (38) 

2.3 :!: 0.1 (36) 
204 ± 5.5 (38) 
146 ± 3.8 (38) 
61 :t !.2 (38) 
53± }.4 138) 

443 ± 17.5 (38) 
55.58 ± 3.39 (38) 

744 ± 26 (38} 
5.50 ± 0.68 (38) 

1.0 

39.00 ± o.66 <2W 
2.27 :t 0.06 (20) 
0.47 ± 0.01 (20) 
~.2:!: 0.! (19) 

l87::!: 7.6 (20) 
t38 :t 6.4 (20) 
50± 2.0 (20) 
45 ± 3.2 (:~0) 

402 :t 13.6 (20) 
57 . .20± 5.71 (20} 

713 ± 46 (20) 
5.!6 ± 0.65 (20) 

r ailless sperm not included m determination of percentage of abnormal ~perm. 
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J .t.~BLE .... 

Fe ftMAi.l BoDY WEIGI-r:'l'. ">."ND 0RGA.N WEIGHTS 

1-.' NECROPSY: D·-7·-BUTYL PHTHALATI 

Body weight (g\ 
LJveqg) 
Brain (gi 
Pituitary ( mg) 
Ovarvand 

ovtdu::-. ;mg! 
Uteru~(mg) 

% Di-n-butyl phthalatt in diet 

Control 

39. p ± 0.77 (}9)• 
2.08:!: 0.04 (39; 
0.50 ± 0.01 (39) 

3.8 ± 1.1 (39) 

41 ± 2.5 (39) 
342 ± 18.3 (39) 

1.0 

37.86 ± 0.59 (19) 
243 :!: 0.05 ( l9)b 
0.4'1:! 0.00(19) 

3.9 ± 0.2 (19) 

3f,:!: 1.4 (19) 
24S ± 16.9(19)b 

• Value!> are x ± SE (n) (significance indicated if p 
<0.05). 

"Significant}~ differen1 (p < 0.01) from the combined 
::outrol group 

m \\:eek 1 and 42.2, 4 J .5, 39.5, and 38.4 gin 
Week i 3 for the control, 0.3. 0.6, and 1.2% 
grou~. respectively. These data clearly dem­
onst~te a dose·-related decrease in body 
weight gain by DHP in the diet. 

Exposure to DHP resulted in a dose-related 
decrease in the proportion of pain. able to 
produce even a single. litter during the: contin­
uou~ br~ed.ing phase of the study (Table I). 
Adverse effects were observed at levels below 
tho~ exhibjting large effects on body weight. 
There were no litters in the 1.2% group and 
only J pair had a litter in the 0.6% group com­
pared to all 37 pairs delivering at least one lit-
1e: in the controls and 14 of the 17 pairs in 
tht 0.3% group had at least one litter. The 
number oflm:ers per pair. the number oflive 
pups. per iiT.cr. and the proportion of pups 
born alive were also signi.ftcantly affected by 
DHP exposure. There were sigmficant ad­
verse effects on reproduction at the lowest 
dose. such that a no-observable-effect-ievel 
could nol be determined in thir. particular 
study. Pup weight was greater in the 0.3~· 
group than the controls, which was probably 
reiated w the smaller litter size in the 0.39<: 
group. After adjusting statistically for litter 
size by an analysis of covariance (data not 

presemed), there was rw significant difference 
in pup weight. 

A crossover matmg sr.udy wa" pe;formeG'.. 
Then was a signiftcam de:-rease ir the pro­
portioL of detected mat:ings for the males re­
ceiving 1.2% DHP mated with comrol fe­
males (56%) compared to the c-.ontrols (90%) 
and on1y l of the I 8 treated males sired a litter 
(Table 8). Although there was no decrease in 
copulatory plugs detected when control 
males were mated w>ith females receiving 
1.:?% DHP (88o/t) (Table 8): none of the DHP­
treated females became pregnant, demon­
strating that fertility was severely affected in 
both sexes. 

The control and 1.2% DHP-exposed male 
and female Fe mice were weig.hed and nec­
ropsied at the conclusion of the cros.•;over 
mating study (Tablef (}and I 0). Sperm asses~­
ment showed tha1 the percentage of motik 
sperm and the sperm concentration in the 
cauda epididymi& were significantly dimin· 
ished in the 1.2% DHP-treated males com­
pared to controls. (Table 9). The percentage 
of abnormal sperm was unexpectedi:y lower 
in the treated male~ thar in the control males. 
but only 3 of the 18 male~ in the I .2% DHP­
treated group had sufficient sperm to allow 
determination of the percentage abnormal 
sperm. There were significant decreases in the 
weights of the testis., epididymis, and seminal 
ves1cles iL the DHP-treated mice. His:olcJgi. 
cal eYaJuation revealed extensive atrophy of 
the semmiferous tubules in mice given dJets 
containing 1.2CJc DEP: i..e., the tubules, were 
line.:! primarily 'by Senoli cell~ and lacked evi­
dr:n::~ of normal spe'l!lalogenests Mature 
sperm were marked!~ diminished m the epi­
didymides of m1ce receJVJng l.2o/r DHP (a!. 

measured by hemocytometer c:ount&). Micrc~ 
scopiC changes were observed in the seminal 
vesicles of 3 of the 18 m1ce receiving 1.2% 
DHP. ln contrast to the reproductive tract 
and gonadal effects for male mice, no treat­
ment-related gross or microscopic lesions 
were detected in the ovaries, uterus, or vagina 
of the F0 female mice. 
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TABLES 
MATING TRIAL OF F0 PAIRS TO DETERMINE THE AFFECTED SEX: DI-11-HEXYL PHTHALATE 

:--lo . .Vllh copuiatory plugs/No. 
;ohabned 1% 1 

:--;o. femiet"io. ~ohabited" i%) 
Lve ,JUps/littera in) 
~portion of pups born ~ved (n) 
Live pup we1ght ~n g• (n) 

Control male 
x controi ~emale 

18/20190) 
; 7;20 185) 

9.4!:!:: () }2 185) 
0.94 c:: 0.04 ( 17) 
i.64 = 0.\)4 I !"') 

'Significantly different. from control \p < O.OSl. 

Fo pairings 

1.2% DHP male 
X ;;ontrol female 

t0/l8 (561~ 
1;18 (6l' 
t4.00(\) 

i.OO(i\ 
U8•!! 

"A pair was judged fertile 1f it produced a litter ,Jf one or more live or de:1d pups. 
c Significantly different from control (p < 0.0 I). 
d Values .ue i 1: SE. 

Control male 
< 1.2% OHP female 

!)/l7 i88) 
·)/1 7 •0)" 

Body and kidney /adrenal weights were sig­
nificantly decreased and liver weight was sig­
nificantly increased in F0 male and female 
mice fed 1.2% DHP in the diet compared to 
controls :,Tables 9 and 10). Despite the organ 
weight changes, no treatment-related !usto­
pathologic differences were noted in the liver, 

kidney, or adrenal gland in the F0 male or fe­
male mice. 

Di(2-ethylhexyl) Phthalate 

Doses for the continuous breeding phase 
were set at 0.0, 0.01, O.l, :md 0.3% DEHP by 

TABLE9 

E1 VlALE BoDY WEIGHTS, ORGAN WF.IGHTS, AND SPERM ? .. RAMETERS AT NECROPSY: 01-1!-'-!EXYt PHTHALA fE 

% Di-n-hexyl phthalate in diet 

Control 

Body weight (g) 40.33 1: 0.68 (37)4 

Liver(g) 2.14 ± 0.05 (37) 
Kidneys and adrenals (9) 0.86 ± 0.02 (36) 
L:ft ~.estis and epididymiS (mg) 206 ± 5 (37) 
Right testis (mg) 140!: 3 (37) 
Right epididyllllS (mg) 58 ±2 (37) 
P:-ostate (mg) 56± 5 (37) 
Seminal vesicles (mg) 499 ± 15 (37) 
% :\llonie sperm ,)8.5 i :'::: 3.89 (36) 
Sperm concentration 

(No. sperm x l<Y ;mg caudal tissue) 357 ± 25 (35) 
% Abnormal sperm<~ !0.97 ± 0.87 (34) 

"Values are i'.± SE fnl (significance indicated if p < 0.05). 
'Si.gmtkantly different l p < O.u l) from control group. 
· Gniy 6 of 18 males had ·mfficient sperm counts for determining motility. 
"Tailless sperm were not ;ncluded in the determmation of abnormal sperm. 

!.2 

36.19 1: 0.58 ( 18)0 

2.74 ±0.08(!3f 
0. 75 ± 0.03 ( !3)0 

93 ± <0 ( l8)b 
.p ~ ~ --' il il)h 

42 ± 2 d8)b 
46 ±3 \18) 

376 :'::: 21 il~)" 

!4.S3 ::: 6.66 '6 \"·' 

25± 22 (18f 
8.02 :'::: 1.05 (3)""' 

' Only 3 of i 8 maies had 1 '>Ufficient sperm count for determining abnormai and tailless sperm. 
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TABLE J(· 

F1, FEMA!...E EloL'Y WEIGHTS AND ORGAN WEJGHTh 

AT NECROPS~': Dl-n-HEX'"L PHTHALATE 

~y weigh1 {g) 

uver (.g) 

Kidneys and 
adrenals {g) 

% Di-n-hcxyl phthalate in d.te1 

Control 1.2 

37.06 ± 0.60 (38)' 34.94 ± 0.57 (17)b 

2.19±0.05(3&1 1.70±0.1!(17)' 

0.64 ± 0.01 (38) 0.57 ± 0.02 (17)< 

• Value! arr i :t SE (n). 

bSignilicantly different (p < 0.05) from the control 

JIOUP. 
<Significantly different (p < O.Ol) from the control 

group. 

weigh; in the feed. There were no treatment­

related clinical signs of toxicity during the 

breeding phase of the study; one male from 

the O.l'f'c and two females from the 0.3% 

DEHP groups died. Analysis of feed con­

sumption showed that the mice consume.d 

between 4.f; and 5.4 g of food per day, regard­

less of treatment group. Mean bod~ weights 

for mal.e mice were 36.3 and 34.6 g for con­

trol and high-dose grou~, respectively, at 

Weel: 1 and 36.9 and 37.4 g for control and 

high-dose groups. respectively, at Week 13. 

Exposure to DEHP produced a dose-de­

~r~d~nt decrease in the number of litters as 

well a..r, the number and propor'jon of pup~ 

born a.Jive and significant adverse effects were 

demcmstrated in paJ.rS exposed to 0.01% 

DEHP (Table 1 ). 
Sin~t fe:tility and reproductive perfor­

mancf were adverseiy affected by DEHP, a 

crossover mating trial was conducte.d with 

the F ( mJce .. There wru. no apparent change ir, 

lib1dr· based or; tht proportion of copulatory 

plugs h0wever there wa~ <> decrease in fertil­

ity for treated males and treated females com· 

pared to matings of controi mice Four litters 

~re born to treated males x control females, 

and the proportion of pups born alive was de-

~,Q'eased. There were no litters born to the con­

itrol male X treated female pairs (Table II). 

Aner the .:rossover ma1lrJf study. the miGe­

were kille,d and selected organs were weighed 

(Tables 12 and 13). Althougt there were no 

differences in body weigh; of either sex. con­

sumption ofDEHP caused an eniargemen:. of 

the liver, both absolute and relative 1.0 bOOy 

weight. In addition, we1gb!li. of the reproduc­

tive organs were reduced in both sexes. 

\Vhile L'lere were nc DEHP treatmeni-re­

lated histologic lesioru noted in the female 

mice. all but one of the high-dose male mice 

evidenced some degree ofbilateral atrophy of 

the seminiferous tubu.i~. ln addition, 0.37< 

dietary DEHP reduced spe:rm motili~ and 

concentration and raised the incidence of ab­

normaJ sperm forms. 

DlSCUSSJON 

The continuous breeding study has been 

designed to improve the reliability and sensi­

tivity of fertility assessment. In a standard 

multigenerat1or, or mating trial study, fertil­

Ity is measured on the basis of a 1- to 2-week 

mating trial which results in. at most, a single 

litter per breedint pair. A! the conclusion of 

such a mating trial the inruvidual pairs tested 

can be labeled only as either fertile or infer­

tile. The historical data collected from con­

trol animals used in mating trial studies have 

demonstrated that fertility is a relatively in­

sensiiive. end point of n;~product:'lt' toxicir~ 

because of variations in control vaJues 

(Schvretz et al., 1980). The continuous breed­

ing s~udie!, have been des1gned to decrease ttte 

var1abiht:'- of mating tnals and to increas~ tb{· 

informa!JCID gained OT' fenility without sut ... 

stantially increasing study costs (Lamb. 

JQt:5; 
Unlike the standard matmg trial study. the 

commuom. breeding study does not call for 

the separation of the male and female ani­

mals between mating and deb very of litters. 

The pai.""S are kept together for a 14-week pe­

riod and multiple litters can be delivered to 

each pair. Dunng the 14-week mating trial 

period the offspring are removed within 12 hr 
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TABLE!! 

MATING TRIAL OF F0 PAIRS TO DETERMINE THE AFFEcrED SEX: 01(2-ETIIYLHEXYL) PIITHALA TE 

Reprodw.:tive parameter 

.'ln. wnh -.:opulatory plugs( 
'\fo. •:ohabned •(% l 

No. ferule/No. ~ohabited" (%) 

Live !}uos;!itter" (n) 
ProJ;ertwn ,Jf pups born 1iive" 

(n) 

Live pup we1ght in _sc (n) 

Control male 
.< control female 

18;20 (90) 
18/20 i90) 

8.56!: 0.~2 ;,\8) 

0.9! ± 0.0f! !18) 
! .64 ± O.J6 117)4

·' 

Treatment group 

0.3% DEHP 
male x .;ontrol female 

16/:::0(80) 
·1t20CO)" 

6.50 ± 2.36 i4) 

0.71 ±0.24(4) 6 

!. 7'3 ± 0.09 (3)"·' 

Control male 
< 0.3% DEHP female 

L}/tb 1,81'1 
Qjlf);Q)" 

• A pair was judged fertile if ',t produced a litter •)f one or more live Jr .lead pups. 
'' Sign1iicantly different from -:ontroi \P < 0.05). 
c Values . .tre i :t SE. 
·i S.gniiicamly different from control (p < 0.0.'5). 
' All pups from one litter were dead. 

of delivery and mating can occur at the first 
estrus postpartum. Information on fertility is 
•.:ollected in addition to that distinguishing 
fertile trom non-fertile and actually gives 
some ;ndices 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 tertility. The protocol also provides 
very stable information on reprodw .. :tive 
effa'ts because each pair produces as many as 
five litters and the data on the litters from 
~ach pair can be summed. This decreases the 

TABLE l2 

fa MALE BoOV WEIGHT, ORGAN WEIGHTS AND SPERM PARAMETERS AT NECROPSY: 
01(2-ETHYLHEXYL) PHTHALATE 

% Di(2-ethythexyl) phthalate in diet 

Control 0.3 

Body weight (g) 38.25 ± 0.43 {35)4 39.0! !: 0.62 
Lveng) 2.23 ± 0.05 (36) 2.34:!: 0.07 
Right testis ( mg) 135 ±4.4 (36) 55± 7.9 
Right epididymis (mg) 58:!: i.J (36) 47:!: 1.9 
Prostate (mg) 70 .:': 2.7 (36) 62 ±4.1 
Seminal ves~de:s (mg) 36Q !: !5.5 J 36) 362::: IS.! 

119) 
( \91'~ 

(19)" 

(19f 
(19)< 
(!Q) 

% Motile sperm 87.47 J: 2.J8 {36) 34.70 ± lJ.41 ( iO)" 
Sperm concentration 

(No. sperm X tQl;mgcaudal tissue) 
% Abnormal 3J)erlD d 

"Values are .r -r: SE In). 
"Sigmticamly different from control ( ,1 < 0.0 I). 
'Significantly different from control\ p < 0.05) . 

473 ± 24 (36) WI± SO 
2.01 ± 0.42 (36) i5.37 ± 5.50 

.J Tailless sperm were aot included in the determination of percentage of abnormal sperm. 

(l9)b 
(8)b 
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TABLE 13 

F0 FEMALf BoDY WEJGHTh AND ORGAN WEIGHTS AT 

NECROPS' : 01(2-ETI-!YLHEXYL) PHTHALA.TE 

% Di(1-ethylhex~) phthalatf' in diet 

Body~t(g) 

Liver{g: 

hram(g) 
Pituitary ( m&) 

<>vanes and 
OYtdu~and 

Uterll!. (mg; 

Control 

36.10 ± 0.45 (40)' 
2.:3 ::': 0.(14 (4(1') 

0.4t• :t O.Ol (40J 

3.9 :t 0.2 (40) 

399 :t !4., (40) 

wValue:>are.i':t SE(n). 

0.3 

36.50 ± 0.40 (l5) 
3.03 ± 0.08 (l5)b 

0.46± O.Oi (i5l 

3.6 ± 0.2 (14) 

33~ ± 28.8 ( 15)' 

h Slgnih::antly diftcrent from the control group (p < O.o! ). 

c Significantly diffi::nmt from control group tp < 0.05). 

ultimate variability of the data on parameters 

such ru; the number of live pups per litter, the 

proportion of pups born aiive, and the live 

pup weight. lt also allows the evaluation of 

data, such as the time between litters .. and c.an 

identify whether or not certain effects on re­

produc-cion are onh observable at specific 

timef after the mi.tial chemical exposure. ln 

the case of the phthalatt' esters, the reproduc­

tive. parameters were not time dependent 

(dare n3t presented) 

Although the contiDuous breeding study 

seems to improve significantly the data col­

lected on fertility. there are certain trade-offi.. 

F1rs:_. smce the male and female mice are 

housed as breeding pairs and the two sexes 

have such different body weights, it is not po~­

sibk t.~> determine accurately the relative dose 

of cherrm;als on a milligram per kilogram 

bod~ we1gh.t basis. Such data can only be col­

lectt>.cl in e1ther the range finding study or the 

separation period at the end of the l 4-week 

mating trial. Second. a related problem 1s that 

multiple pregnancie~ are likeJ:v to have sig­

nificant effects on the handling of the chemi­

cal by the female mouse. Third, the protocol 

produces large demands on data storage and 

analyses. C.onsidering the importance of reli­

able data on the effects of chemicals on fertil­

ity, balanced with the relative imprecision of 

measurement~ of feed consumption in aru­
ma! studies, tne uade-off seems .JUStified. 

Beyond &ddmg new insights ir)tO fertili~. 

assessment methods, these stw:hes have prc>­

vided new data on the effects of phthalate es­

ters on fertility and reproduct1ve function in 

both male and female mice. Previous studies 

have been limited to evaluating effects either 

on the testis or on development and have 

rarely evaluated fertility per se. These studies 

have demonstrated that fertili~· and repro­

duction are affected by exposure to DBP. 

DHP, and DEHP, but not DEP (Table l ). 

At the top dose levels, all three phthalate 

esters (i.e., DBP, DHP, and DEHP) adverscly 

affected the number of fertile matings. 1be 

top dose levels cau."ied some decrease in body 

weight gain for DBP and DHP. but nol 

DEHP. At dose levels where there were fertile 

matingS, there was a decrease cither in the 

number of live pups per litter or in the prc>­

portion of pu~ born alive. Although the de­

velopmental toxicity of DBP, DHP. and 

DEHP had beer: , demonstrated (Shiott and 

Nishimurcr., 198~; NIOSH, unpublished 

data), the presentmvestigations were the first 

to demonstratt effects on female fertilil} and 

reproduction (decreased litters or liner size: 

after exposure to the same compounds (Table 

5, 8, and ll. ). ideally m these studies the top 

dose group showd cause some measure of 

general toxicity. such as a small decrease in 

hoc; weight gain. to er:sure that if effects are 

not produced it is not bec-ause the dose levels 

are too iow. DEP did c.ause decreased body 

weight gai.n., but did not afiect reproduction. 

The data from this stud:- on DEP not only 

confirmed that the compound is not a devel­

opmental toXIcant, but also demonstrated 

that it d~ not measu::abj-y affect fertiliTy in 

the fus: generation: it wru., however.. associ­

ated with decreased litter size in the second 

generauon. 
These studies have also provided new data 

on the effects of phthalate esters on fertility 

in male mice. Both DHP and DEHP caused 

significant effects on fertility. epididymal 

sperm concentration, percentage of abnor-



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 ai.. t977: Fester et ai .. 1980; Gray 
and ButterNorth er ai.. 1980~ Oishi and Hir­
aga er al.. 1980). The failure ofDBP to cause 
s1gnificant adverse effects on fertility in male 
mice seems to be a 3pecies-spe:.,'ific response. 
It had been demensrr:ued that DBP does 
cause testicular atrophy in rats and guinea 
pigs. but mice were much iess affected fGray 
eta/.. 1982). These continuous breeding stud­
ies >how the lack of significant effects on the 
testis. epididymal. sperm concentration, per­
centage of motile sperm, or percentage of ab­
normai <Jperm, in addition to the lack of 
effects on fertility and reproduction in male 
mice exposured to D8P. 

[n the continuous breeding studies, as in all 
reproductive toxicity tests, it is important to 
relate the findings in the reproductive system 
to r.he findings :n other organ systems. The 
dose le•1eis were selected such rb.at severe sys­
temic toxi<.'ity would not be caused at the 
high-dose tevet to assure tht etfects on re­
production are not the result of severe effects 
on general health. The middle and low doses 
•;vere se1ected to ~use lesser or no adverse sys­
temic effe<.'tS,. respectively. For ail tour com­
pounds, the body weights (comparison based 
on male body weights) were within 3% tor the 
high-dose groups and controls at the start of 
the studies. By the 13th week of the study, 
male OOdy weights in the high-dose groups 
generally were lower than in the controls but 
were not suppressed more than 10%. An ex­
ception to this was DEHP, which did not sig­
nificantly decrease body weight gain in the 
high-dose group, despite causing significant 
adverse e1fects on reproduction and tertility. 
Therefore, a common point of reference or at 
least a target for these studies is that the top 
dose group was selected to cause a 5-l 0% de­
crease in body weight gain by the 13th week. 

These investigations have compared a com­
prehensive 3et of end points on fertility and re­
production in both male and fema1e CD-l 

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 
generation, while the other phthalate esters, 
DBP, DHP. and DEHP. caused sirmlar 0r 
lesser etfects on body weight while >evereiy 
attecting reproduction a..11ld fertility. Tne data 
on DEP help demo(l!)i:rate that the model will 
tolerate significant effects on general health 
V~~itl10ut causing changes m reprodu<.-tive end 
points. The data from this protocol appear very 
repnxiucible and the protocol should be useful 
for the assessment of reproductive toxicity of a 
wide variety of chemicals. 
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