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ABSTRACT : Some of endocrine disruptors with sexual hormone-like effects have been increasingly
reported to be immunotoxic in many species in recent several years. Phthalate esters have possible effects
on the endocrine system. Prenatal exposure to di(n-butyl) phthalate (DBP) has been reported to impair the
androgen-dependent development of the male reproductive tract in rat. Therefore, the immunomodulatory
effect of DBP was investigated in the developing immune system of fetal and neonatal Sprague-Dawley
rats. Timed-bred pregnant SD rats were given to the doses of 0, 250, 500, and 750 mg DBP/kg - body
weight /day by gavage once a day from gestational day (GD) 5 to 18. On GD19 or GD22/postnatal day one
(PD1), the dams were euthanized, and the changes in organ weights and thymus phenotypes were exam-
ined for their offsprings. At 750 mg DBP/kg - b.w./day in maternal exposure group, GD19 fetuses showed
decreases in body weight. The spleen/body weight ratios were reduced in GD19 fetuses from the dams
exposed to 500 and 750 mg DBP/kg - b.w./day. There were no significant changes in thymus and spleen
cellularities though these cellularities showed a tendency to decrease in a dose dependent way. In the DBP-
exsposed GD22/PD1 offsprings, the body weights, the relative organ weights and the cellularities did not
exhibit alteration. Additionally, the percentages of CD3*(CD4*CD8*, CD4*CD8, CD4'CD8", and CD4 CD8)
and CD3(CD4*CD8*, CD4*CD8, CD4'CD8*, and CD4 CD8) thymocyte subsets were not changed in any
DBP-treated group. The proliferative responses of splenic T cells to Con A and B cells to LPS were
decreased in all DBP-exposed GD22/PD1 offsprings.
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AU=H(Colborn &, 1993). ol&&t =4 Aol 242> F
ojAlEE B3l A - 7 AH o= AA AeA ] A
e 7 ZEPojelax EeAld.

53] EetaH 7R AREE I ol Efe ¢
A& A £ﬂ‘ﬂ]‘é*qiﬂ]"’]‘:(polyvmyl chlo-
ride), Y EZAE2 Q@ A(nitrocellulose) Y Zz]H|d oA
o] E (polyvinyl acetate)S Eg51= AlE] fdAE Fo
3}7] A AMSEE EREA oRo] AL, 438 &
AxAL7], 8dT, FAF 8] F AF AeLE F
o] Y4824 AT o}, Di(r-butyl) phthalate(DBPY=
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ZeH | EfE] F8 IF T shieln, HAA, FelZ
|, ZH"ela, BFA, £53EA o dojazde] 5o
Aelet. DBPY E H9E F8 45+ 3AEIM &%
A, F5- A3H4], 44 522 o). DBP= F3lA 1994
Qoll oF 49,0008°] AYAFE%3L(Long and Meek, 1997),
19873 =l A} 11,40080] A= JTHATSDR, 1990).
o]2igk DBP: A3 AAe] A - [ o= =3
Hoy, MEZZE AL in vitro A8 el A estrogen receptorel]
= A A2 odelA ql7] dEol WEuAA F
AEA2A] B AL 7B Geb(Jobling 5, 1995; Harris
%, 1997). 8 DBPE S50 A A4 719] androgen 2]&
A vbddol] o3RS v|AE= HAl® gloi(Mylchreest &,
1998). ¢|¥% A% 2o I3 = DBP: Eota L
T8l AlEol dE AV dubHel 7ol osiA 4
FLE o7 5 92, ], 8T L AES B8 A
oA AHE 5 e 4Y FA FAMEFLS 74 pg/ky/
dayl.2 B 59t} (Long and Meek, 1997). DBP7} 413
=+ 7% F= mono(n-butyl) phthalate(MBP)ZA] -3}
Hol AATAE T3] wiZA FoE, AF A G
oA MBP9] ¥ 24417 ol WlE A SIIL(NTP,
1991), DBP 52| Zeh o] EF2] 542 A3t 215 Ho}
u)Adsgt AL 3Fe o "Rk Aes Basgic
(Dostal 5, 1988).

FALE AT E, XA E, T E Fo] EAEE F
271482 oFgfstell njAdsst FAMEIT HY71eE A
A5t A EE e 238 WY7|atelt(Boyd
%, 1993). SR x5d -9 FA $I5 Hed3)
T ZIFANE 2 22 7 E(stem cell)(Fine &,
1989), FXAIE McConkey 5-, 1988), §4145) (Greenlee
%, 1985; DeWaal 5, 1992), 713 (Kremer 5, 1994)3] 7
22 dujx glv). AR o] Fsle ATHE] ®HF
4 FFYL CD3ICD4CDSeIT}. vpg-xe) 2159 A4
FAMNEE= 8 B33 CD4'CDS'RE 57| Aol CD3
CD4'CDS" Al E2 Alsgit), vl | 2 W2 CD3 834
Z2] CD3"CD4'CDS" M E2. wa=n ZA A (positive
selection) F ¥ CD3 W34 Holi= CD3"CD4'CD8™A
X2 H3 FFALE A F8 AS5ME CD4 ==
CD8 ME=2 Wdsle} F93 WY A MFEQ B2 T
AME(T helper cell)2] £33-2 CD3"CD4'CD8°laL, A
E284 T Al E(cytotoxic T cell)?] EHF-& CD3"CD4
CD8"°]v}(Boyd and Hugo, 1991).

T2 AT Qo] AERAte] 71 Fisly) WlE
off ol 27e] T8 AlYH A} AL SAEE A7)
2 IS o gle], Bl B8l Abgie &5 -
35 A ® B} F8AIE T glew, 53] whayre &
A AR} w3 71 RISl el A1 gl R

AIAA ES) Aol E Aol Bl ko] Fhg
Festele} Allse] el 4719 BAGE o9l of
HolA 24093 Sl gk Witelel g Asge
Brhshee ARG SA Hoke 27he) B gl
Aleiget, el WEaAgeEaE 245 DBPE
YAFY ofm) Do) Fofale] v 3 AL Fag
M7l BN Belat AES] ATER EYY)
W3} 58 2Alslo] AN WelA weel) nlAe
G B} sgieh

I X5 A g
1. NEHEE &

Di(n-butyl) phthalate(DBP), concanavalin A(Con A),
lipopolysaccharide(LPS), phosphate buffered saline(PBS,
pH7.4), phenazine methosulfate(PMS), sodium azide:=
Sigma Chemical Co.(St. Louis, USA)lIA T3},
RPMI-1640-2 Gibco(NY, USA), fatal bovine serum(FBS)
< Hyclone Lab.(NC, USA), MTS(3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) Promega(Madison, USA)el| A 27} 13}
9de}. Phycoerythrin(PE)-conjugated mouse anti-rat CD3,
Cy-Chrome™-conjugated mouse anti-rat CD4, fluorescein
isothiocyanate(FITC)-conjugated mouse anti-rat CD8b+
PharMingen(San Diego, USAYIA F8i3lsict. 1 ¢}¢]
HE AleF2 Sigma Chemical Co.(St. Louis, USA)EH-E]
THste] AHgslAet

2. dEHSE ¥ MEZA

ARFTEL2 A F A FHEAATA AYTE
FE|Alol|A] AR 10~125312] Sprague-Dawley(SD)7)
o] AFHE o ol 17U 327 F AREERI o,
AR 2% 23+1°C, AEE 55+£10%, HaEd 12
AZEE FAE RS Sl A AFAE s 20 12 1
WAA S ofd Ay ez Axart Eelxl bR
< 9 0dE Azl

3. MEH=2E 50

Di(n-butyl) phthalateZ corn oill]l H#A F==2 3A s}
o AREslle. dAlEl 97l AFHAE HETF(com oil Foq)
7 DBP {432 NTPellA BAlv} efzbe] Aphg oo
712 3 A7 A A 78S s Sl
=Z Faste] 250, 500, 750 mg/kg body weight/day 5



o F2 2 VrGII(NTP, 1991), 24 ol 34 via]e] 3
= dslgdct. DBP ¥ com oil& YA 5UAEE 189
7HA 1447 vl A FF 319901 mg/kg body weight/
day).

4. HE A HY 2AH | BH £H

HIA QB A1) Hrhad S3A] P41 19U A (ges-
tational day 19, GD19)9] =iz} @ 441 22dA A=} 1Y
2 (GD22/postnatal day 1, PD1) 31FE A}l&-3ldct. F319)
AR} 1FL GD21 == GD22Yel elelwkel. GD22/
PD19| AT o]f717HS F3kslr] sl ofn]s}
E23l6ch. GD1999] ell=xkel GD22/PD12) A=k A)
FE ZAsi.om, gixt 2 AR v, A, 25

& Fejskel A7 AIIRAS S,
5. &M % U ME E2|

GD19 ix} 2 GD22/PD18] AlAAPIA A28t FA
9 )RS stainless steel mesh(#100)S ©]-83te] B3} 2
FA AlZE B2)slgdet. RBC lysis buffer(0.15 M NH,CI,
1.0 mM KHCO, ¥ 0.1 mM Na,EDTA; pH 7.2) §4 2
B N EF F-HA17] o 587 4°Ce] WX sle] HE P
£ AAT F, FBS7}F 1A 952 RPMI-1640(100 pg/
m!/ streptomycin, 100 TU/ m/ penicillin ¥ 2 mM-glutamine
) WA R 33] A #5202 FBYL X3
>] %1 RPMI-1640 wiAlo]| WA EE P27 F A E
5 A3

6. M= M gl FME EM(flow cytometry analysis)

GD19 Eix} 2 GD22/PD19] AlAAIANA Held F4
AE FFAS 7 T M2 D)9 15 ml YA L
el Zbzh 1x10°cells® W A4l Ee|sted A45H2 o
2] 50 W PBS/2%FBS/0.1% sodium azide(PBSAz)2]e]|
PfAlZer TUTTY AR CD 4] Fde 24
317] A8l T4 Ml E F--28-8 PE-conjugated mouse anti-rat
CD3, Cy-Chrome™-conjugated mouse anti-rat CD4, FITC-
conjugated mouse anti-rat CD8b THE-2 3}A|-E A&}
33 dAsiie. 3§33 FAE WA 4°CoA 3087 WA
g & gAlEl M EE PBSAzZSE T AT A1H

H MEEZ 0.5% paraformaldehyde® TAA|A GHZ &

A (flow cytometry analysis)3FS1t}.

B2 JGME A EX argon-ion laserE 7T Q&=
EPICS XL flow cytometry(Beckman Coulter, Fullerton,
CA, USAYE AHBslod 24iel9ie). T91}7 sEwde] CD%
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o 23] Fx=F M) ¢8) b3 AE WA
AAE o o]xH o2 CD4/CDSE A1t}

7. H|E oye| BAME AME

PD1 A1 ARe] v]A dah1-9] 54158 A7) s
96 well flat-bottomed microplate®] 7+ wellel] ®]AA|E
50 pwl(2x10°cells/ml)2} T cell mitogen?] Con A(2 ug/ml)
T B cell mitogen?] LPS(10 pg/mHE 27+ 50wl A
2lale] 37°C, 5% CO, EZAsHlA 72217 wiokstalet.
MTS/PMS 20 wiE A7Fsled o] 3A17F wljek3t & ELISA
reader(Molecular Devices Co., USA)E ©]-£3}] 490 nm
MM FFEE FAsCH

8. BHEY 2y

2 Aol 9 SAXE FAZE a9 SigmaStat
S o]-83}od one-way analysis of variance(ANOVA)Z- ©)
43led BAAE s, 7+ #7149 8| 3= Dunnett's and
Duncan’s testg AME3le] H24F p<0.052 27
L3FFAbelo BAEA feAdS FHAF A

L. 4 }

415! SD ratll DBPE- 250, 500, 750 mg/kg &3
2 dA17] 59FE 1847 ofulellA ATFegt F
A 1994) 2 41229 /24 1972] AR A2
WaEk gk, A, e FEks SRl ek v
2 FATA HESe] Wzl S0 28 At o
A4 =ell4] CD3'(CD4'CDS’, CD4'CDS’, CD4'CD8’, CD4
CD8) ¥ CD3(CD4'CD8", CD4'CDS’, CD4'CD8", CD4"
CD®) §41 oM 72 HE o] Wt oJ3kE EAsltt
a3 54 f-EE2Q LPS ¢ Con Adll Wish 41 2
HIRAE S5 A18& ealste] BAE 345 2 THE

A%5& "X DBPY 43S dohEsi

1. 417] DBP £0{7} ER XA 1920)e] HFT, &
758, HE Y M MES0 DX HEk

415l SDA| 2F e DBPE 250, 500, 750 mg/kg &
Fo2 Al7] 5YHE] 18U7A] ofulollA] T3 A
7} 750 mg/kg FoIFolM f-2F el AF2) 74} vepdt
ow BlAre] AEako] 500 ¥ 750 mg/kg FoJ FellAM
frel ez sl §49 AN F=-S 500 mgkg ¥
of ZollA] F7I81 ot R ool oAl Wbt
veh] ekskem 7ie] AiEERe Folsle kel
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Table 1. Effects of DBP on gestational day 19 rat fetuses whose dams were dosed orally from gestational day 5 to gestational day 18

Dose of DBP (mg/kg/day)
0 250 500 750

Body weight (g) 2.11+0.02 2.04+0.05 1.99+0.06 1.88+0.06*
Relative organ weight (mg/g body weight)

Spleen 0.67+0.03 0.60+0.03 0.51+0.05* 0.46+0.03*

Thymus 1.60+0.10 1.64+0.08 1.74+0.09* 1.65+0.10

Liver 88.2+1.3 92.1+1.7 94.6+0.6 91.4+1.6
Splenic cellularity (x10°) 0.34+0.05 0.25+0.03 0.21+0.05 0.18+0.03
Thymic cellularity (x10°) 5.77+0.53 5.04+0.41 4.67+0.55 4.19+0.47

*Results expressed as mean+SE.
®n = 12 or 13 litters/dosage group.
*p < 0.05 versus vehicle control.

Table 2. Effects of DBP on gestational day 22/postnatal day 1 rats whose dams were dosed orally from gestational day 5 to gestational day 18*°

Dose of DBP (mg/kg/day)
0 250 500 750

Body weight (g) 7.29+0.16 7.40+0.16 7.22+0.16 7.33+0.17
Relative organ weight (mg/g body weight)

Spleen 2.60+0.36 2.44+0.39 2.26+0.53 2.41£0.56

Thymus 1.96+0.14 1.88+0.12 1.81+0.06 1.69+0.03

Liver 44.6x1.0 46.1x1.2 45.8+1.0 42.6+0.7
Splenic cellularity (x10°) 7.30+1.13 6.95+1.24 8.16x+1.34 6.46+1.07
Thymic cellularity (x105) 18.2+3.0 20.0+4.6 16.5+2.8 15.3+3.3

*Results expressed as mean+SE.
®n =5 or 6 litters/dosage group.

deptort #2149 Wehe glsich A 9§ xS
£ 43o] FA1el met Aasie Aol ARt 9
A ke e skeh(Table 1).

2. 4171 DBP F0{7} IRk M228d/E181M)2
HE, 715, 4|F R BUMES 0lxjs dE

44152l SD 2o DBPE 250, 500, 750 mg/kg S-8F
22 Jal7] 5YFE]-18U7EA] ofulelA ATt F,
dA122d /2194 AR AF 9 v, F4, 7k
% wWslE 2R A3 felH”l HEks velA] st
o}. =3 DBPE AR v . FAA Eell = f2) X
ol ¥EkE 2R Wheh(Table 2).

3. 417 DBP S0i7t Efxte] BN OHMIZZ0| ofx]
XL

AZ G4 g FAE B2 ejzlel A DBP Fo97}
CD3'(CD4'CD8’, CD4'CD8, CD4CD8", CD4CD8) %
CD3(CD4°CD8’, CD4'CD8, CD4CD8", CD4CD8) ¥
Al o) EETO| vAE G FHT A H=
ol B3l DBP FoiZellA e Wt BE=A] o

Table 3. Effects of DBP on gated CD3" thymocyte subpopulations
of gestational day 19 rat fetuses whose dams were dosed orally from

gestational day 5 to gestational day 18*°
Dose of DBP (mg/kg/day)
0 250 500 750
Percentage CD3" cells  41.6+1.2 43.6£.0.8 39.1+1.0 42.1£1.0

% CD4'CD8§" 39+04 4302 29+00 27+0.0
% CD4"CD8" 80.4+0.6 77.2+2.8 72.5+1.0 80.6+0.5
% CD4CD§% 52402 72«16 8.6+05 6.6+0.2
% CD4'CDg§" 10.5£0.2 11.3x1.4 16.1x1.4 10.2+0.7

*Results expressed as mean+SE.
®Pooling of twelve or thirteen fetuses/dosage group.

Table 4. Effects of DBP on gated CD3" thymocyte subpopulations
of gestational day 19 rat fetuses whose dams were dosed orally from

gestational day 5 to gestational day 18*°

Dose of DBP (mg/kg/day)
0 250 500 750
Percentage CD3"cells  58.3%1.2 56.3+0.7 60.7+1.0 57.9+1.1
% CD4'CD§ 1.0+0.1  1.3%03  0.8+0.1 0.8+0.0
% CD4°CD8" 80.1£2.0 75.7+43 774+02 77.7x0.5
% CD4'CD§ 10.0£1.6 12.0x1.6 10.2+0.1 12.6+0.2
% CD4'CDg” 9.0+0.2 11.1+24 11.6£04  9.0+0.3

"Results expressed as mean+SE.
®Pooling of twelve or thirteen fetuses/dosage group.



Table 5. Effects of DBP on gated CD3" thymocyte subpopulations
of gestational day 22/postnatal day 1 rat pups whose dams were

dosed orally from gestational day 5 to gestational day 18*°

Dose of DBP (mg/kg/day)
0 250 500 750
Percentage CD3" cells  60.5+1.3 66.1x1.1 584425 61.242.5
% CD4'CD& 14.4+0.4 13.0+04 11.4+04 13.820.1
% CD4'CDg" 76.71+0.1 80.5+0.6 80.2+0.1 77.4+0.7
% CD4'CD§" 4.0+0.2  3.0+0.1 3.9+03 4302
% CD4'CD8" 5.0+03  3.6+0.1 4.520.1 4.6+02

“Results expressed as mean+SE.
bPooling of five or six neonates/dosage group.

Table 6. Effects of DBP on gated CD3" thymocyte subpopulations
of gestational day 22/postnatal day | pups rat whose dams were

dosed orally from gestational day 5 to gestational day 18™°

Dose of DBP (mg/kg/day)
0 250 500 750
Percentage CD3 cells  39.4+1.3 33.8+1.1 41.6+2.6 38.8+2.5
% CD4'CD8 0.7£0.2  1.1x0.0 1.0+0.1  09+0.1
% CD4°CD8" 82.0£0.8 82.6+0.3 82.2+09 81.2+0.3
% CD4'CD§ 9.6+£1.2  7.5+£0.1 9.7+0.8 122400
% CD4'CD8" 7.7£0.6  8.8+0.2 7.2+0.1 5.7+0.2

*Results expressed as mean+SE.
®Pooling of five or six neonates/dosage group.

tcH(Tables 3, 4).

4. 417] DBP F0{7} &IMXte| M OpM|ZZ20] O
X g

2142kl 4] CD3"(CD4'CDS*, CD4'CD8, CD4CDS§",
CD4CD8) @ CD3(CD4'CDS’, CD4°CD8, CD4CDS",

CD4CD8) ¥4 ol EFe| B¥ %o vt DBPY <33k
< A3 A3} dxFol] vls] DBP FostellA Fe]Fal

LPS

%
I | |
1 1 I t l
250 500 750
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200
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H37E FAER] 9skch(Tables 5, 6).

5. 27| DBP F0{7t LWXiel B R T H=T F4
S0 0|x= Y&

DB

o
=0
o>

N
nt

g F ARk v AE S
71l wel LPS B

Con Adll Wigt B Y T =T $450] Fidhs Ho=

ARt FEol 7 A7) wEdshe Al7]6] B &
Asle HAEAHAEA-N =28 75, velhd = e HY
7)%5-¢] Wislell hg AFRIELE T3] A gHHl Aol
Tz A-ETEE AR A Ydalzle] HY S
Aol =ZFE 1 A7) ME HH 3] AAsE Tl B
o AN HABRL A&l HY75e 3gs EpIH
3 B 1%l ¥} Qlck(Holladay and Luster, 1994). ¢S &4
ulg-2o A §7194A41Q) chlordanes A17]17F E4F =
Z31908 o ol A7l el d ¥ 1008 7HA] Al E=)
N HEgukg-2] A7 B E)vHSpyker-Cranmer -,
1982; Barnett -, 1985). T3t o|#{gt ulg-2ofA FA|
¥ g W) eleld F 20087H] FAEE A2
2 et 53] I ME HEHpel] oidk oJgke ojn)
AsA A2t wpg2olAl FU3H chlordanes o
3191 Wi velA] gt Chlordane® F-AFsHA, %
= 313hE(polycyclic aromatic hydrocarbon, PAH)S1
benzo[a]pyrenes 9A1F<l vht-2o) Foigt F- efjoid A
7N M S FA AT, oA ST v 9 E3hY T
whgo] A =glvi= ¥ 17} 9ok (Urso 5, 1984). o]&3F

Con A

250 ¢

*
200 * % .
150 |
100 |
50 |

O 1 i J
0 250 500 750

Dose of DBP (mg/kg/day)

Fig. 1. Lymphocyte proliferation responses in gestational day 22/postnatal day 1 rat pups whose dams were dosed orally from gestational day 5 to
gestational day 18. *p<0.05 versus vehicle control. n =5 or 6 litters/dosage group.
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A7 BuEE WYFAEHES AT =Fe] A A
AA ol S F 5 ol =3 o3t ¢Jve] A7
7¢ "elvt R3] At F7EA] ARl AEH L2 o]
A ¢ UEE AR . B, FATA, FE5, 8
otAd-Z-2el PAHs ¥ 2.3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) -5 polycyclic halogenated hydrocarbons(PHAH)
< T8 ARG SA A =E3 AR FolM HY
A2 o3l stk A7-Fo] Bard ¥} 9loh(Holladay and
Luster, 1994; d’Argy 5, 1989; Comment &, 1992). =3+
NAEZAA BEEAl o] WA el Je Frie
H 3 (Holladay &, 1993)= Qe 4l &=°] WEMlA
Ao EA R o427l 7 PEA =EF4 "] Wy
A el °33S F 7leAe] A A=k

HAE ou] FEo] gofat 3 HASHEA =&
S 9 ezl 4 2 7 E(stem celly} BAAHAE
A2l Higt viZks AR EE AME - Qo o
A Qe 53] 9A7le Ho=AEA- xE2d F At
oA debd & sl AR dE FAMESY
A4 oA ol =3t diA} FAHE F3 ] It
A7) SAEAE =522 g "oSAS W 5 e
ZA3E-2 2 A A=k (Holladay and Luster, 1996).

webA, B T M FTo EB| AN EAR 4
B gl A, FeolI™, TR A, B5A, 5%
A Y el aze o] Fo| AReln, AEe] HH =
E 2ol F dAAEA] o] =3d 4 3l DBPE
7HAAL A 9] el v)2)= oS Hrbekelw. 94l
o ojv] 3Fe daly] 54FE] 18¥U% DBPE 250,
500, 750 mg/kg/day® 735335151 o, GD19 =Hix}eh
GD22/PD1 ARl A FA THT o] 3] 93
(CD3, CD4, CDg)ll 2 3P} ¢llvh(Tables 3, 4, 5, 6).
=3 GD19 EiAket GD22/PD1 Al AR A A% w3} 5l
719 F=F dst a3 v Y A xS Wk &
33 2}, GD199] eAel| M 2-8-57<] 750 mg/kg F
oA FrelH ez AFe] At vepgten, v)ake] A}
5] 500 2 750 mykg FoTelA FeHoE Fa
s}, 4] A E2 500 mgkg Tl A 718t
Aot g Feol A FoHel Wdrt vehA] sk
om 1ake] AAEE S e gkl vehdout
oMl Wk e ¥R 2 FAMESE S3F] ST
gl whet ZHAsRe Agke] sldl ot foA W) el
A= dgkek(Table 1). GD22/PD1 ARl A= A=
9 713 o a3 A Q) FAMES]] gt o3 kel
FAE A= gk} (Table 2), HIAHZE 2% S22
< & A3 Foi-dFo] 1%l mek LPS ¥ Con A
A3 B o T HET S35 AA71E Aol RN
“}HFig. 1).

ez} A7 e ME FAES HAE, 23] H 73] &
slapA o] Ehbsled BAEA | wIZksHAl Hbgshe Al7]¢]
D2 (Neubert 5, 1987), ¥ d7<|**= DBP7} gz} &
AF 1979 A=) WA Aol v X oJ3S Hr}
slgdet. AgA= 388k7el 500 2 750 mg/kg/dayel| A
vke] A Feke folAd oA st en] vk ME
T A3l S B0, AAME 38 2
HE Bolom v Lo FA5 AlHA M E FoiF
A FAeS ATl AR Hotl woalr)e} A
A Z] 7158 o2 A3 FE Ade] e LR He
A}, vlA el Qlo] FA Al ESE FoiFollA S8 o=
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