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— Abstract —

Age-dependent Effect of Metabolism and Testicular
Toxicity to di(2-ethylhexyl) Phthalate

Yeong-Ju Park, Byung-Sun Choi, Jung-Duck Park, Yeon-Pyo Hong

Department of Preventive Medicine and Community Health,
College of Medicine, Chung-Ang University

Objectives: The purpose of this study was to evaluate the age-dependent response of
testicular toxicity and the mechanism of di(2-ethylhexyl) phthalate (DEHP) induced tes-
ticular toxicity.

Methods: DEHP was administered orally in doses of 0., 1.0 and 2.0 g/kg/day. for 7
days, to 3. 6 and 9 week-old Sprague-Dawley rats. Testicular weight and sperm head
counts, plasma level of DEHP, mono(2-ethylhexyl) phthalate (MEHP) and testicular lipid
peroxidation were measured. Histopathological changes in the testis were observed.

Results: Reductions in weight gains, and relative testis weights, were observed in the
3 week-old rats in a dose-dependent manner, but not in the 6 and 9 week-old rats, com-
pared to those of the control rats. Sperm head counts were decreased in the 6 week-old
rats exposed to 2.0 g/kg/day. but not in the 9 week-old rats. Testicular atrophy and sig-
nificant size reduction of the seminiferous tubule were observed in a dose-dependent man-
ner in the 3 week-old rats. The plasma concentrations of MEHP were higher than those
of DEHP, with these levels being most elevated in the younger rats. Lipid peroxidation,
following exposed to DEHP, was increased in a dose-dependent manner in the 3 week-old,
but with no changes in the 6 and 9 week-old rats.

Conclusions: Our results suggest the age related difference observed in the testicular
response to the oral administration of DEHP may be due to the metabolism, and that
oxidative stress may be related to the mechanism of DEHP induced testicular toxicity.

Key Words: Di(2-ethylhexyl) phthalate, Age-dependent, Testicular toxicity, Mono(2-eth-
ylhexyl) phthalate, Metabolism, Oxidative stress
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B9 & - AP0 w2 di(2-ethylhexyl) phthalate2| tHAF X TEH=4o| #Hs}

A

ru

Zego]E o ~H (phthalate ester)= polyvinyl
chloride(PVC) Z&t28 AFY §d48S S/
71 93 7}A (plasticizer) & 209 Fo] Q1o
19309 °|% FH s el AMEE I Qith =g
olE o|~H<] &2l di(2-ethylhexyl) phthalate
(DEHP)&= RE AM8-<Fo] Aul o] i& ApA]ale, 4
b Aakdko] o 2wiwiEo] o] 2t} (Thomas and
Thomas, 1984: NTP, 2000). DEHP= 21,
o NE 2L AARA HF: Zgrg A
9] 40~50 %ol 23t (Latini, 2000), A&
RAuz] o] olo]Ee] Azt Fol AL&-S}
TAEL dovt, AEAA (rE, vl"Ed, A
Fo9A, AAAAA, FE 2= 87] §). A
AREEA, A, vig 28], Hd A2, 9
3 H]), A E A, AR AEY ols
(Y Ba3gr|et FAFAL FE ) A2 AE-H
3 R (NTP, 2000), 3t HT 4~30 ug/kg 4
= Z2HE Aoz gdEd Ut (Moore et al.,
2001). %ol DEHP7l &% <5 &FS A
e AMRES Ao I &Pl A o AA,
7|17 ) BAS sle Sxe dde HEF 12 g
Azl DEHPY =293 tHFaouzi et al.,
1999).

St A= 19984 sl Bt -5¥ DEHP
7} 210,940 2.2 AA UEHA FoEd fF5H
349,165%2] <F 60.4 %l 23t Jom(
2000), T Al#FAstn U=
DHEP7} AZ=o] AlA o2 #A7}F =2 dvh

DEHPS} #& Zdgolex HT 39 z=
At A AREZ] o] H o] of el il Fake] g 7hE
o] AAIER 2 (Colon et al., 2000), Aol o
g 542 obr ZRlEA] ekt SkAY Fisher
344 PEY B6C3EF vhg-2oA 7HdS dode A
o7 dex Jden(Kluwe et al., 1982), AX&
oA THEW HSAFS F24E FEsta(David
et al., 1999), 7tz T4 & H|gE doA Tt
o #AZ F/MAvn BudithRao et al.,
1990; Tamura et al., 1990). 1% DEHP®| 7}
2 wzket 22l shUE, 100 mg/kg/day &2
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DEHPE AA| R Z2A12 7§, nghe] FAZ 3
&3t 18 95e] dojdrin skt (Shaffer et
al., 1945 Gray and Butterworth, 1980:
Sjoberg et al., 1986b:; Lamb et al., 1987;
Dostal et al., 1988: Oishi, 1989a; Oishi,
1989b). DEHP= ¢, Fu3t 2 Ayl FA
= 93-S nX™ (Gray and Butterworth, 1980:
Lamb et al., 1987), Z=F A4 2ol J&FS vl
A 9d A TEE dojmiddan Husidd
(Lamb et al., 1987). &3 1%+ W Fholx J3t
< vA, yglutamyl transpeptidase(GGT), lac-
tic dehydrogenase(LDH)$} B-glucuronidase]
=S Z7HA71H, sorbitol dehydrogenase$t
acid phosphatase® Z&A7]= Aoz g#A 3
tH(Parmar et al., 1987; Parmar et al., 1995).
DEHPS] =74 7]del thafix= ofz] 2 A A
= %oy, DEHP 2 2o+ 2 tiAFHE?]l mono
(2-ethylhexyl) phthalate (MEHP)7} B 23t
A&E st Aoz gEA Uk (Lake et al.,
1975 Gray et al., 1982: Sjoberg et al., 1986a:
Thysen et al., 1990: Dalgaard et al., 2001).

ghH DEHPo| ojgt 13t 542 A5 9 Fof uf
2} dA3g zto]E Hol YWEY guinea pigdileE
EXo] A s} 24 marmosetelAE 2 U
ElA] 2o (Curto and Thomas, 1982: Gray
et al., 1982: Oishi, 1993), 1#o] AJLd+=
DEHPel Wigtsted EA4e] =27 Yeidtia gk
(Gray and Butterworth, 1980: Sjoberg et al.,
1985; Sjoberg et al., 1986b: Arcadi et al.,
1998). olelgt 8k =49 Aol ILEHA| 9
MEHPe] digt 17do] A met th27] &
olg}e F##(Gray and Beamand, 1984)3
DEHP9 & 2 At | wet th27] &
olg}= F(Sjoberg et al., 1985)°] A=
o} oA HEgh 71 dEA UA Foh

old] ¥ AFdME DEHPS Ao wa 13
54 atele} o1 71AE Welr] $138 DEHP %4 &
Aol whe mgho] A A o A o] W3}
g ) DEHP ¥ 2 tiARbEe MEHPS F=
A3 13 549 A dlom AdE = 4ks
2Ed 2~ AEE #EASTE olg e dTE <Azt
QoM = DEHPY Z2 A7) met E4do] dapd

b
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x otk 2AE A7), DEHPY =4 7|14L
T =go] E Aol

H‘I

Chat 2

1. Alet

Di(2-ethylhexyl) phthalate (DEHP). phos-
phoric acid, trizma base, sucrose ¥ bovine
serum albumin< Sigma Chemical Co.
(U.S.A.) AEL. mono(2-ethylhexyl) phtha-
late (MEHP), di-n-octyl phthalate= Tokyo
Kasei Kogyo Co. Ltd. (Japan) #| &<, acetoni-
trile HPLC grade Al2FS A3, 2 99
A1k 15 Aloke AHE-SFATH

2 Ao AlgE H4¥%5ES APF(animal
pathogen free) Sprague-Dawleyl % HE=Z,
(FHAERZRE B @o} 157d AFH 2= 23
+2 C. &% 50+5 %, AF 1247k A}l A
ARSSEe] 5 o] ito] glda <1k ok Aol

6, 9 FHo7 FEI
Zad 2709 FojgeR
) ZAE = D R
% b4nle] 7} AFEE AT

DEHP %o 1.0, 2.0 g/kg body weight2]
€S corn oild] &3IAA 1 FAIF AF T3}
Qo gz Ea]:l' %] corn 011* sttt
522 vpA|e DEHPS 3oL 12/\]7]'
73—‘7'—%%01] o] 5}oq —4@’\]71

g5 AFHsl AR /‘}
L%% TE7] S5t 5 1

% &4 (Bouin solution)°l 23, o
A Hele 24 2 ng ) Aaiskd ga
skl AAArR F¥E F —80 Coll WE
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3. AT

(1) 77t s
wAE AA7IES e skl 1]
A A AR F B PAA S sk

7.” xx—l

(2) nge| M} o2l &3

A #EldE Blazak 5(1985)9 WHES i
T3t =43t WA tunica albugineag Al
Azt FAE A F 508 F39 saline-
merthiolate-triton(SMT) &%-& H7isho],
Potter-Elvehjem &2 23712 23] #As}stdct.

TAstE 1% 287 239 sl AE J7]

LE% 5]_

o
&o

T hemocytometerel] £ & 183t
sto] @n|7 L o] &ete] AlFsich. dd Gk
(daily sperm head production)& ©]
o] spermatogenesis 7139l 6.1
al., 1978)& o ALttt

v

_V:',

il
1)

|m

1T T, B
fin Zos}3d O]Zi% 4 pm AR AHE W50
hematoxylin-eosin&.& A4t F3tdn]| 7o
Attt olw] me] FA T 9F F=
golalr] flste] zZtzhe] ZA A Fowoz A
FA# 20718E Pro plus softwareE
A S 319

(4) & L} DEHPR} MEHP2| ==

g% W DEHP$ MEHP9 %%+ Suna 59
W (2001) 22 HPLC(Waters 501, USA)E ©]
&3te] A5ttt 9 W) DEHPS MEHPE #
=317] {3k 8% 100 Mol 1M NaOH &9 400
AT oA EYE™ 1.7 mlE HrUlete] 20 w3+ 25

=X
= o

3 A T QA 20 dE Yol FEEl o] 49
S 1000x goll A 1587F B sle], FEAL A
2714 27131 AA7tAR oA EUEZS ZAF]

EYUEHSE Yo oA &3lAA
o] W internal standard®

]E zo]

F. 100 M9 olE
A2 2 ARSIt
di-n-octyl phthalateE AF&-3llom,



30 U skt B4 W o5 138 &
SMHNEYUEHT 1 % A4t &4 60:40(viv)
I o= 85:15(viv)e] stod AR
o 442 0.8 d/mine® 39t} Column
2 XTerra RP18 5 #m(3.9 mmXx150 mm,
Waters, U.S.A)= AH&3tlen, UV #HE7]
(Waters 484, USA)Z 230 nmelA HA&3s}A ).
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e fu e ro
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5) 1&g uf X|& s EH

W x4 kel Ohkawa 5(1979)¢] W
M-S o]&3le] TBARS assays £l =331
o} ol Alse 18k ZZof 108] 39 1.15 %
KCl €95 H7lste] Potter-Elvehjem Z2 &4
712 23] #Astete ARgsElem, 8.1 % SDS
0.1 ml, 20 % acetic acid 0.75 ml¢} 0.8 % thio-
barbituric acid 0.75 mlE A& 0.1 mlel #H7}st
o] 95 C oil bathellA 3083 71EAIZ] & ZA] o
EEE WA W3S ZAAAT. o &Hel 0.5
mle 759 2.5 mle n-butanol®} pyridine
A (15:1, v/v)= Ho] 3027 F & =
1000 x goflA] 1583 A Egste], AEdS I3
3347 (exitation: 515 nm: emmission: 553
nm, SFM 25, Kontron Inst., Switzerland)®Z
ke

)
.8
o
=

(6) BH &AM

ZE AFE SAS package(version 8.01)Z ©|
S3to] B8tk DEHP $old we& B39
Hgls WS BAHEA S o] 8319, DEHP F
ofo] we mghe] Fr nd W FA YA, FAH
Wz e] ztolet DEHP ¥ MEHPS F=Exlele
Student’ s t-test® Alhsted EAtGAch. Aol

FE TukeyH o2 UFH|nE 33 th
A 1

1. Azt D229 g5t

3 FHolME= DEHP Foi@e Sl upgh A%
77 g0 o (p<0.001), 6 FE = 9 FH
A ol gk Mgyt vUehA] edth(Fig. 1).

13 FAE 3 FHPdA= DEHP FoA@e &
Zhell what FElakA 74kl a(p<0.001), 6 5%
9 FH M= DEHP Fof & w Apo|7} iy
A SkTH(Table 1).
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Fig. 1. Daily changes of body weights in controls
and DEHP-treated rats. Solid lines indicate
control rats, dotted lines indicate 1.0 g/kg
DEHP-treated rats, and dash lines indicate
2.0 g/kg DEHP-treated rats (®: 3-week-
old, A: 6-week-old, ®: 9-week-old).

Table 1. The effects of di(2-ethylhexyl) phthalate (DEHP) on the weight of testes

Absolute testicular weight

Relative testicular weight

(gram) (testes weight/body weight, %)
3 week-old 6 week-old 9 week-old 3 week-old 6 week-old 9 week-old
Control 0.72+0.06 2.05+0.04 3.23%£0.12 0.84+0.06 1.01+£0.03  1.09+0.04
1.0 g/kg DEHP 0.36+0.04™ 2.20+£0.08 3.13£0.08 0.45+0.05** 1.09+£0.04  1.06+0.03
2.0 g/kg DEHP 0.284+0.03** 1.88+0.11  3.02+0.07 0.38+0.04** 0.98+0.05  1.07+0.02

Each value represents the mean+SE

** Significantly different from respective controls, p<0.01
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2. ME U Y FR Mol st

3 FHEAMe 25 A7 dehdx] %k, 6
Folde e 18 1 g dAF 1.47+0.11
x10'943L, 1.0 g/kg DEHP FofwolAe 1.37+
0.08x10°e2 thxwd A7t glled, 2.0
g/kg DEHP Fowelx= 0.77£0.15x10'= 7
238k tH(p=0.003). 9 FBIA =, 1.0 g/kg
3 2.0 g/kg DEHP FeiollA 242+ 1.66+0.11
X107, 1.66%+0.07x10"% 1.71£0.11x10'=
DEHP Fojol w& zkel7} gliek(Table 2).

27A AT 950] 1.0 g/kg FAwelA Y
7] Al&ste] 2.0 g/kg FTAAE B S

A bt (Fig. 2). AA#E daze gz 74
$ 0.025+0.002 mm’*|ev, DEHPE 1.02
2.0 g/kgs Fog wollAE 742 0.015+0.0032
0.0124+0.002 mm’E DEHP Fo]#o] Zr1a2
7228k TH(p<0.001, Table 3). & A4l A
AAZES] S5 e 4 5~T=0|en}
DEHP FolZolMe AlxZFe 71 "at gaste
BAE BYx, FAT FEAH W= Yesr
a8y 6 74 REJHE =z 1.0 g/kes F
o3t w3t Ao|7t fllem 2.0 g/kg Folvtol
A AR fFe] FaF R Ueyith A
gre] HAE Tl 0.045+0.004 mm’elx
1.0% 2.0 g/kg Tl 2z 0.043+0.002%}

(s}
oA e Aol Aot Fol@ Aol
gsith 9 FHdNE 24Wee

o @A E g2, 1.0% 2.0 g/kg Folto] &
ZF 0.060+0.009, 0.061£0.008= 0.058+0.003
mm’eZ |7} gt

4. DEHP2t MEHP2| s

8% DEHPE 22 d#oxE ol uwte} 3}
o|7} YepA] giskont A7l wE 1.0 g/kg ¥
ool A 77t 5.94, 3.46% 2.92 ug/ml2A 3 F
ol 71 E=3kom (p=0.032), 2.0 g/kg T+
e 6.63, 6.757 1.73 ug/mlo2 Ao ulbe}
2ol 7} UTH(p=0.001, Fig. 3). 3 MEHPE
DEHPel H3te] 1 527} wi-§- Ekon, Fo o]
71l w3 FHle MEHPY 5=7 S71
IR (p=0.006), 6 FHT 9 FH A= Ao|7}
SRtk % MEHPY F%&= 1.0 g/kg Tl
A Ao wet 747k 11,96, 7.87% 5.41 psg/mlz
Aol oLdFE =& Aol oy BAZHe=R
oAl E &kem, 2.0 g/kg FoATNAE 22
99.52, 16.83% 12.98 pg/ml2 AZo| ojds=
MEHP®] %7} %9th(p=0.001).

=

5. g uf X[F st

3 FHolA dE2TS 0.134+£0.017, 1.0 g/kg
Eo7e 0.217+0.070 el 2.0 g/kg Fol 2L
0.371+0.142 #mol MDA/g wet weightZ %<
gol F7ighel| wet ngk 2 A kst F

Table 2. Daily sperm production in controls and DEHP-treated rats

Daily sperm production

Daily sperm production

(10"/g testis) (10"/rat)
6 week-old 9 week-old 6 week-old 9 week-old
Control 1.47+0.11 1.66+0.11 3.02+0.23 5.40+0.50
1.0 g/kg DEHP 1.37+0.08 1.66+0.07 3.01+0.20 5.18+0.51
2.0 g/kg DEHP 0.77+0.15** 1.71+0.11 1.50+0.33** 5.14+0.30

Each value represents the mean+SE

** Significantly different from respective controls, p<0.01
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g R S odFHol| 2 di(2-ethylhexyl) phthalate2| thAl %

7kt eH(p=0.017, p=0.002, Table 4). L&} 6
% 9 9 FHIN e dz2w DEHP Foii bl
Aol 7F et

Fig. 2. Series of light micrographs from the
study where DEHP was given in oral
route (Hematoxylin-eosin stain, x100).
Age at start of dosing and doses are
indicated. C=control. Note the severe

damage in 3 week-old rats (2.0
g/kg/day). There are no change in 9

week-old animals.
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, Fagh A g Agde] B9

2 2A171M (Gray et al, 1977:
Oishi and Hiraga, 1980; Oishi, 1985; Oishi,
1986: Parmar et al, 1986: Siddiqui and
Srivastava, 1992), %ol thekdk gz o4
A24E 4ol ole I=ERA ZHZ AAZ
tH(Mylchreest et al., 1998). ¥ AFoH % 3 F
Heo] AEE 1.0 g/kg DEHP =% ¥ tz273 ¥
wat] AF F7ke] AV #EAHAD, u3ke] F
A= dASA stk sHAIR 6 T 9 7
M= AF F7ke] ¥Ws 9 a3FAVF dE2wH
zol7b Gk, FATHe 95T THF
FH A= DEHP 7o &o] 715t what Bl
e FEE Eoy 6 FHAAE olg 243
A W7t 2.0 g/kg FATANA FAhH o2 Ve
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Fig. 3. Plasma concentrations of di(2-ethylhexyl)
phthalate (DEHP) and mono(2-ethyl-
hexyl) phthalate (MEHP).

Table 3. Seminiferous tubular luminal size in controls and DEHP-treated rats

Seminiferous tubular luminal size (mm®)

3 week-old 6 week-old 9 week-old

Control 0.025+0.002 0.045+0.004 0.060+0.009

1.0 g/kg DEHP 0.015+0.003** 0.043+0.002 0.061+0.008
2.0 g/kg DEHP 0.012+0.002** 0.040+0.005 0.058+0.003

Each value represents the mean+SE

** Significantly different from respective controls, p<0.01
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Table 4. The effects of di(2-ethylhexyl) phthalate (DEHP) on testicular thiobarbituric acid reactive

substances
Thiobarbituric acid reactive substances
(#mol MDA/g wet weight)
3 week-old 6 week-old 9 week-old
Contro 10.134+0.017 0.209+0.030 0.184+0.024
1.0 g/kg DEHP 0.217+0.070* 0.196+0.075 0.171+0.010
2.0 g/kg DEHP 0.371+0.142** 0.225+0.037 0.172+0.021

Each value represents the mean+SE

* Significantly different from respective controls, p<0.05

** Significantly different from respective controls, p<0.01

i, 9 FHAAE ¥WsE
DEHP %o ¥ #4444 %
ol M= 47‘%‘ T
g/kg/day FATAA F 4

FRAME Ael7t A, ol/de
DEHP ot 118 =42 dyo] odE o |
73 Aoz YeElgt. Grayet Butterworth

oro 3 =

(1980)= 4. 10, 15 5% Wistar ratgs °]&3t
Ao 2.8 g/kg/day &#<2] DEHPE 1043t

_‘T:_o:]o]—}}\e HH 4. 10 ’?‘ 94 ‘?\EOﬂHl\E 37_35}3
o] Yelkout 15 FH9] NEA = YeA] 43
o1 31, Sjoberg 5(1986b)> 25, 40, 60¥
# Sprague-Dawley #AE°] 1.0 1.7 g/kg &%
o] DEHPE 253 Fostie W, 2597 404 €
HEA 1.7 g/kg DEHPE =ojA] mghe] 27
a7t AR, 2599 HES ngola FHAH
o 9% T 1% 24 £4o] FAsa, 40 €
EdAe 1.7 g/kg FATNA 4220 952
T A2, 60¢ ¥ ANEgAE EHE o 23
£ g vt sto] 2 AT A3t KAkt

g3 MEHP =% DEHP sx=Xt} =7
=, ol 2.8 g/kg DEHPE ©d Z=2A171 Teirl-
ynckét Belpaire(1985)8] | 23t AX|sHith.
A5 @ DEHPE ¥ 5o]4Ql AwEs]| sl
ofa] AellA] 7hRsl=o] MEHP®} 2-ethylhexa-

% O_u

nol2 &F45™ (Albro and Thomas, 1973:
Daniel and Bratt, 1974: Lake et al., 1977:
Rowland et al., 1977), ol& ©A o8 *

sl el oA AbstElo] wiAdE A, ks &

242

glucuronide®t ZAgste] A= (Albro et al,
1983). White 5(1980)2 everted gut sacs ©|
43 in vitro A&oA DEHPE tALEA] &2 4
gz A% He =xd = glva 991, Albro &
(1982) DEHPS] &4 94| (absorption thresh-
old)¢! 0.5 g/kg °lgtell &= Ztoll DEHPZ} &
HA kot Fo vt UK whEt 3ol 7t
SRR ¥& DEHP/F A&5ES Rusiged,
2 Aol A ARESE 1,07 2.0 g/kgd] FE= ol
g FF IAE 2P FEOER, FA
DEHP7} MEHPZE =& 7Isial 33go] Zdl= o]
Y% DEHP7}F 7Friali==] @42 A= S50 &
Zo| DEHP7} HE% Aoz Azte
Gray9} Beamand(1984)= 13t AXE
in vitro 2&<4 MEHPE %1592 ., germ
cell detachment £%7} wXxd Bl&ste] F718%
o1}, DEHPE Fo3ls We olefd d3ds &
& gldn i, Moss 5(1988) MEHPE &
o33k Sertoli celldlAE lactate2] Aito] F71ske]
lactate/pyruvatee] Bv|7} F718kd oy, DEHPS
2-ethylhexanol FojAldlE o]g3 &35 & &
Stk sle] DEHP Fojdl <& 4ol DEHP #f
Aol 98k Folgtr| k= Akl MEHP oo

o] &3

v

¢

g sgiet. @% MEHPO s=& AR <3
Aol s e, ndsAe] @A vehd 3 FH

N 714 w0 debton (Fig. 2), A9 me 18
=749l Aol7k DEHP®| &5 3 thAte] Apoldl] 7]
z‘s_r)rl Azbeith SRR o] AFAE A=

2 % zjol7l DEHP 2 MEHP] &4 2ol

rlm



, tAE B oej A ot Zi?lX]E &
glo 2% old tig A7} Basjeld Az

DEHP= 7tellA A4 3t & %%6]'11] (Jayar—
aman et al, 1988: Tomaszewski et al, 1990:
Santhosh et al, 1998), % ¥ 13 U vita-

4

min EE "ol gitsl H]E}U <5 ]°ﬂ o
g Ae 1% 5] dA3] it Hew &
A (Oishi, 1994: Ishihara et al, 2000) 2$+=A

o] Nl AsAEY 27} BT Ao QHG.
ol AFAFNME uFEAo] dA3] Vet 3
T Y E = DEHP FoA% S7t wet A4
Wist Fhs Be ARsl~E# 27t DEHPo
o ngk =4 71| shurA A8 5 s A
o2 AZtdEY. DEHPY 13+ SA)o A& Akskrt
Hoyshe DEHPS by A3t &3 MEHPY
FAEY AP F23 dME AFTE F AS A
o2 Atedn

oldel A74dus Estel DEHP= = Al7]d
wtel ngk 54o] el F Slvke 2A4F A
o, 9dE 97 8 A8 1o o $-e) gl
F8 dgd wWE Aol nHd dert et
Azt

ﬂll

(@] oF
e =

S5 0 AFore A% w2 DEHPY 18
=/4¢] Atole} DEHP Fo= Qg mgh=Ae] 7]
< Tstaat sk

g 0 3, 6, 9 % Sprague-DawleyAl 3
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