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ABSTRACT : Phthalate esters have possible effects on the endocrine system. Di-n-butyl phthalate (DBP) is
one of the most commonly used phthalic acid esters (PAEs). It is extensively used as a plasticizer in elas-
tomers, as a solvent for printing inks and resins, and as a textile lubricating agent. It is also present in the
Jformulations of various cosmetic products. DBP has been identified as a reproductive toxicant in several
animal species and also known as a endocrine disruptor. The objective of this study was to investigate the
effect of DBP on developmerital immune _function using rat pups as experirmental antmals . Timed-bred
pregnant SD rats were orally dosed with 0, 250, 500, or 750 mg DBP/kg body weight once a day from ges-
tational day (GD) 5 to 18 and postpartum day (PD) 3 to 18. On PD22, the dams and their pups were eutha-
nized and exarnined for alteration in parameters associated to immune function. The results showed no
significant changes in body weight, thymus weight, thymus and spleen cellularities, the polyclonal activa-
tion responses of splenocyte with ConA and LPS, and also the distribution of arterial blood cells and thy-
mocyte subsets in both rat dams and pups. However DBP exposure on rat dams resulted in increases of
liver weights qf dams and their pups except 750 mg DBP/kg, and body and spleen weights in pups except
750 mg DBP/kg. On the other hands, distribution rates of CD8" T cells at 500 mg DBP/kg and B cells at
750 mg DBP/kg among splenocyte subsets were significantly increased in rat pups, unlike dams. Reasons
of these distribution alterations of CD8" T cells and B cells in rat pups are under study.
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Ao] W&H)A 7)59] olg sl 7)1 o] A7
slof & F-Fo] wol Holgl7l A5t Eu|A FAEA
o] FAHAZ 2g3le] HENA 715 57 = Asl
Aowy uAA= el ] S o= Hem Wy
=3 ¢JeH(Colborn %, 1993).

ol2igt WENAANEAL] ok Holakx S Fslo
A gz AA QA w@ 4 glar, YA 3
o)) Sl 7k FAEE JETS) uE S we
3l7] uldoltt, o] A EAF Fekry s R AN
He Te ol Ef v A3 F4Ae) Fvd
ZZ=}o]| Z(polyvinyl chloride, PVC), UEZAEZ 0 A
(nitrocellulose) T3 -F2ju]'d oA o] E (polyvinyl acetate)
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EgEHe Al faAE Heods] $isld AMgEE
Az o™o] Azt U318 SAEAL], o84, 3}
42 871 5 4% ALEE 59 94BEAM ARSI 9
©}. Di(n-butyl) phthalate(DBP)y= Zetef|o]EFe] F£8 &
A% shtolm], AA|, Fol|FH, T )T, XA, &
FHYA o deojazee]l Fe| Aol sElA
F8A, sFdz), 84 $e2 = AMET 3ok DBP
= f-olld 1994300 oF 49,0008¢] AAFEIY I (Long
%, 1997), 19871l ®|FollA] 11,40080] AJAk=]] o
(ATSDR, 1990), ¥l = W2 Fo] AM-5 L gle] LAt A
& 376l QlAll: DBPY A - - R =28 sb5
Ade] Er}. o]2igt DBP= MEE AM-EE in vitro Al
estrogen receptordl] Ags= Zo] EIFHA 2|4
A= FAH W Fiol AFHA gtdobling 5,
1995; Harris 5= 1997). dubH ez dojih= djf-Be
DBP %2 33 W& Al9jsld. DBPZ 2499 AF
& 53 o]Foixich. DBP:= Al EFAAZ AMSHE £
28 AL Fall AFel 2957 dubE]l @7 el
o) AE2R E7 U W], S8 E HES F
A AlstelAl AFE 5 dE 99 F TS T4y
kg/day2 2. B TE|JTHNTP, 1991). DBPE= A3 ¥ £2
mono(n-butyl) phthalateMBP)Z Eslld ¥ $AHAE
3l wEA FEY, A=Y A, Helxe] MBP
71 24A12F o2 dEA QJEH(NTPR 1991). &
DBP 5 ZeH|o|Efe] 42 A%t =X nds
g 4= 2o o] J13kgE e R B uEivk(Dostal 5,
1988). DBP} -2 vignjA e 4 o) Aol Fr=w
WA 759 B3hs 53 Al whHes = A
AHALZ o 227 A Eol| kS F7 FHd WYz
AT AE= 71 g o )= ohde} £3] o}z g 3}
Aol ol WA et qAds) vhe-E By AleE &
Ao}

stehEAdel) olgt A FrR|ele 7 ARl F8
Ak Ao R gk, WH7]E oS AN o FQ. iAol
HE A7e 45 uAeloh 4L Il ikl A
T FEMEEo] A3 CD4' T HIES} CD8' T HER
T3} ol FeiAl: 12F }E|AF shte]™(Boyd %,
1991), ¥ Z2b AT} FepellA A3k T Al Eet B
M|3E7} APCs(antigen presenting cells)ell &Jsf HZd 3
Ao} AFE vbe} BolH wHoqubgS oyl 24 =
Z13o|c}. webA] FAdolv wiRe] A 3k 22 AA|
A 3= 28 o) F 7S AR Sl HEEY
Aulest 283 A3 d9rls ol e FA3E 58
g AF2A o]LEI 9l or(Gehrs 5, 1997), ¢]=l8t
A%E5E G435ted AFEF A FellM chemotherapeutics,
corticosteroids, polycyclic hydrocarbones®} polyhalogenated

o

N

hydrocarbones<ll 8] HIA=EA HrPpt ojFoiz o
I A3 olF EA xF 32 A4l "o o] A]7]
2] o] v 74513 oAl 22 X 3g)vh(Holladay,
1999).

Tl SoFE Tol AU Al FAdo] Ax 3)
Al ZAE=e] BEEER oFEe] o3 FAAM xR
E AF A AN Pl 4] o] Z2mE B
A2} eljofell M 2] o3k 7lrt A Al F8A4e] St
et detA EepaE TR AMEY] 4 AELE
o] XH7] el dABHA QA7 AR
=ZE sPeAdel v 3, WA EA R AT
UE T o) Efre| spshEale] 71 a7zt Izt
L2 qlale] BAle] F4Eo] ez} vopr} AR A
L A7) 5 ol S 2 bsAe] mig & AR
FAFI . o]ol] £ AToIME P=F AFFEE A
£3}ed ojn] =7} 7|7t Dibutyl phthalate(DBP, Z&
ol ERY dF)l =2HAS A, vl D ARE7))
o] WA 7% o el wH I3ke Hristazt
a3t

I s o ey
1. A=

Di(n-butyl) phthalate(DBP), concanavalin A(Con A),
lipopolisaccharide(LPS), phosphate buffered saline(PBS,
pH 7.4), sodium azidet Sigma Chemical Co.(St. Louis,
USA) ol 4353, RPMI-16402 Gibco(NY, USA),
fatal bovine serum(FBS)2 Hyclone Lab.(NC, USA), MTS
(3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolim)>- Promega(Madison, USA)
ol Zkzt 3J31s3e}. 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, USA)I|A Y3}
v}, 1.9)9] AJek2 Sigma Chem. Co.(St. Louis, USA)ZH-
Bl T8i3te] ARESid

2. HESE { MSZ=U

AYEE FHFAATE AP TER A QA
85729 Sprague-Dawley(SD)A19] R=F Hof who} |3
T A2 I ASAIR F ARSI, AR
EE 23+ 1°C, ANEE 55+5%, Hand] 12478
A EE sl A =S S 2 12 IAIA o
¢ b Ao Aap) " AL 94 0
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3. AHERE 59

Di(n-butyl) phthalate(DBP, Sigma Chemical Co.)E
corn oil(Sigma Chemical Co.)ell HA ¥=2 3]AM3led A}
43l5et. S 4 A=F AR (com oil Fof )
DBP F-o-g-8Fel] o}l 250, 500, 750 mg/kg body weight
EolZ o2 9, DBP ¥ com oil FE] SUAHE]
182 @ B9 3UdAYE 18744 F 3047 1Y 13
AFFslge. 74 3 8~10718]¢Y] HEE A3
o, Bab F 2421 2e] 2 QI8 DBP Fo &3e] o4}
2 Fasks] S8 szl 8 129kElE 2A8)
et

4. NE ¥ oYy 2AH FI| 2H £H

WA m A B e Hrles FAA] EuF 229 (pOSt-
partum day 22, PD22)°] At of=] = gl Aj7] =
AHsIT}. PD229) ofn] |l Aj7] A=e] 242t zilv,
232 vk, A 2 ] FAE SR,

5. 8 %W HIFMZEEZ

PD223l oju] H A7} A=2HE FA B wAs HE

=]

8} & gtainless steel mesh(#100)S ]%—3}0:1 WA o FA
MEZ EIsigdvh. RBC lysing buffer(0.15M NHA4CI,
1.0 mM KHCO; & 0.1 mM EDTA-2Na; pH 7.2) $A1
ol B EE F-R5A17) g, SEZL ofolef| wEA|Ste
HYTFE AAZ F FBS7F Eo1UA 942 RPMI-1640
(100 ug/m! streptomycin, 100 TU/m! penicillin ¥ 2 m/ L-
glutamine ) WA 2 33] AlA 31 #HFH 22 FBS
7k E@ﬂﬂ 9\1‘—‘- RPMI-1640 ¥i=]o]] BIAHEE F-7A4]
2 F A x25F FAs] ARh

6. MEZEHM 3 FMEEA(flow cytometry analysis)

PD22¢l ofv] I A7) RE2NE e FAAAE T
NE 7t FoiEz Pl 1.5 ml YA FeE TRl 2t
1} 10° cells¥ ¥-& F JAE sl A5H-L Wzl 50
! PBS/2%FBS/0.1% sodium azide(PBSAZ) 8ol F-
A|ZT}. CD3/CD4/CD8%] %332 AW S8 FA41A)
¥ Y548 phycoerythrin(PE)-conjugated mouse anti-rat
CD3, Cy-Chrome-conjugated mouse anti-rat CD4, fluore-
scein isothiocyanate(FITC)-conjugated mouse anti-rat
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CD8bo-2 3% |slalet. FAFAE 43 3083k 4°C
o WpAgt & A" AEE PBSAz2E T Wl MAH3}
o} A M ¥ M EE 0.5% paraformaldehydeS- o] 1243}
Aot 33 g% Al E= 488nm T argon-ion laser
2 #9e=2 s= EPIC XL flow cytometer(Beckman
Coulter, Fullerton, CA, USAYE AMg-8led EAsigiv).
525 nm FHAHEIS AMSled FITC WEE 34
31903, 575 nm 5§ 7HIUEE AME-3sle] PE WEstd
4 ZAs16en, 680 nm T BEIE A3t Cy-
chrome &S SA ). FFSALe] el
SEEE TR AJEAS sl D FFAR |94
B AZE gz ANl AWk forward scatter)?
ZaPAkek(side scatterye ARESl] AR FEZTF FdollA

2 AEt BB Al Qs SAse. Ae d3E

7 isotype hﬂ" /‘}*9'5@4 4 2 FU RS BAEA
ow CD3/CD4/CD8 2] £EX=E FA317| ¢J3) CD3 <t
& HA A3 T oA 2 CD4CDSE EA3HIH-

7. HIBHZS F4& MH

PD223) ofm] B A7) A=) wF UsTe BA5E
2243)7] 1814 96 well flat-bottomed microtiter plate
o] Z+ welle] BIAAMEERX10° cells/ml) S0 wiet T cell
mitogen?] Con A@E-5% 1 ug/ml) == B cell mitogen
ol LPSEE5% 20 ug/mhHE 247 50 pl Ajste] 37°C,
5% CO, Z7Z1slellA 84417 wiekstadet. wiok F MTS/
PMS 20 uFE #H7lste] whr] 4x]7F wieksk §F ELISA
(Molecular Devices Co., USA) readerZ ©]-8-3}> 490nm
AN FB=EE SN

8. EOHMIZO BIE XA}

PD223] ofv] & 7] H=e] AAA A& F H
H47](Technicon H- I system, Technicon Instruments
Co., USAYE AHE-3led 9 Lymphocyte, Monacyte,
Neutrophil, Eosinophil, Basophil 2. 7+ &7%2] B3

A ES 24ec)
9. AT BN

B Agol|lM d& FAAE= FAZ=E <l SigmaStat
2] one-way analysis of variance(ANOVA)YE 83}y 5
A= slgdar, 7+ #7+2] B2 Dunnett’s and Duncan’s
tests ARSI FolbE p<0.052 2T 87 AL
olol] BAE FIAE HASAT
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Im. i

QAalZ4l SD ratel] di(n-butyl) phthalate(DBP, 250, 500,
750 mg/kg)yE 94 SYNFE 189 F Bk F 3dRE 18
A74A] i 131 ATFes F 20 F 22U A4 on
2 A7) A= A W3 Y wA, FA, A Sy
,:q.g_ Z/.}a}gat:]- w3 v o -B-H cellularlty-/] HEE

I B ‘:JJHL “i‘ T A9+ muogen°1 LPS 2} Con Aoﬂ
2t ofm] A A7| Y= vIAAH RS FAFAHS FY3)
o B ME FAS 9 T HE F2156) uj*= DBP %33k
= s

1. 47| ¥ {710l Z& DBP £0{7} 0{0] HE=9]
Is, M 7| Y, A2[A H[F R M MES
o Dixle H&

d4xlE2l SD =6l DBPS 250, 500, 750 mg/kg S
202 94l 597E 18U ¥ Fub F 3YHE] 18U7HA] v
A 134 F 3047 T3 23, ZE DBP Fo7lA
A%, WA T, 282 v o FAM ES Q)

W FI W 22 £ g
. A FA7} LE Fodzeld oo
Als) olu} gl % be w3ine) olsig sk DBR)

‘ 1 2 1A

£i

2. M| A 710l 22l of0] AH=0f CHEt DBP &
017l M7 eS| MF, H9ZHE F7| &, |1 ]
Z % 84 M=o 0jxl= g

44171 2L H7]el ZA DBPe| =& oju]28E] )
ot A7) Bi=e] WA w9 7)ol ©igk DBPY 3
S FHrlslz] 9l 9AlF<l SD # =] DBPE 250,
500, 750 mg/kg SO ZE A1 545E 18Y W 4 F
3URE] 18U71A] Wil 1314 & 3093 A5 st
w3t A7) A 82 £ DBP(EE DBP metabohtes}—
EAE B8l A= g alEle] A7 AdFshe 24
9] o2 ghAl7| ] ol uie) HepH o R ghfAr)e] &4
zpo] 2 Q13 2 AE Fol7] sl Hutr| F BE ofu] ¥
=9] A7) = 1272 2AHC PD223d A7) H=
9 AF, FA A 283, 6A 2 FANEPME A
7ol dal] FASA R o] Q= ojudt Hale P

Table 1. Effects of DBP exposure on rats dosed orally on gestational days 5~18 and days 3~18 postpartum

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

Body weight (g) 317.8+£7.7 327.2+8.1 318.9x74 324.5+7.7
Relative organ weights (mg/g body wt.)

Spleen 1.99+0.11 2.13+0.10 2.18+0.11 2.00+0.10
Thymus 0.71+0.07 0.77£0.08 0.81+0.07 0.57+0.06
Liver 63.72+1.49 69.37%+1.42 68.68%+1.41 69.66%+1.47
Splenic cellularity (x10°) 348.0+21.7 314.0+40.5 365.0+£25.9 454.4+40.6
Thymic cellularity (x10°) 307.0+69.9 269.3+45.4 295.0+24.1 241.6+48.3

The control rats were treated with corn oil alone (vehicle control). There were 8~10 animals in each exposure group. Resulis expressed as

meanszS E.
*p < 0.05 versus vehicle control.

Table 2. Effects of DBP on 3-week-old rats pups® whose daihs were dosed orally on gestational days 5~18 and days 3~18 postpartum

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

Body weight (g) 50.86+0.47 55.59*+0.36 55.65*%+0.56 48.28*+0.68
Relative organ weights (mg/g body wt.)

Spleen 4.43£0.06 4.94%+0.08 4.83%+0.07 4.27+0.07
Thymus 4.95+0.06 4.90+0.07 5.00+0.07 4.83+0.08
Liver 49.31+0.43 52.06*+0.65 54.03*+0.56 47.63+0.74
Splenic cellularity (x10% 179.2+14.0 212.7+89.8 197.8+18.2 174.8+15.7
Thymic cellularity (x10%) 868.0+40.4 891.7+£79.2 857.8+85.9 776.7+131.0

*The number(n) of tested rat dams was 8~10 per exposure group, and their litters were adjusted to contain 12 pups. The control rats were treated with

corn oil alone (vehicle control). Results expressed as means+S.E.
*p < 0.05 versus vehicle control.



g 4 dsleh a2 2 9 ujAke) AliA FAlE 250
2 500 mg/kg FHATANM I3t B AE »}E}‘H‘}iv}
g u|Ake] AA FAE ZrksledIut v1A E
W37} gll7] @il v FA ke el v £
28] oWl Aejz] w3e] A2 FAFTH(Table 2).

o F4s

3. DBP £0{7} o{0] & A§7| BHe H|EMZE
ol ojXl= Y&

HABPM| 5] AT ol dovl= F8 T
L e L e fﬂi"ﬁ%%f‘ﬂi*a—-% A5l o)A
o] ZAHTH ol WH7F2 oA AHE 7FeAdel H
- ¥t DBP Fof F oju] 2 Aj7] =2 u|A|EE F
3l Z+zt T M|E 3 B AlE mitogen?] Con A2} LPS A}
ol 3t FARE-9] o) A}E FAISH A3}, DBP Foiol
My 27 vlaste] vAbH| 22 FAbgol 9lo] B4
R w3t froH Aol & WHT 5= $SITH(Table 3).

4. Y| %
7 B HoME

87|10l Z& DBP £0{7} o{o] & A
&9 & 2xu|o OjX= AE

HAL o
T 5 T9F 5]"’}"]‘:}. U*}E]'/“] ?*1‘517]“5-4 °VJ% ﬁ‘i,’
W A ABA EE0] vlAAl BX TR vledd shsA ol
9T DBP Foi & ofu] ol A7] Y =o] Ao 2 RE] §
HS F3td lymphocyte= EE neutrophil, eosinophil
basophil ¥ monocytes HIAAH A EEL] 5 Alo]
A A Bxu)E 813, 273 vwsk @,,]_ ofm] o
A7) AE BT AFEe] HEHA AEEL] A
F3EH]el 2Ju|glis Aolr} A A] odghet. et A7

Table 3. Effects of DBP on splenocyte proliferative responses in SD
rat dams and pups

Dose of DBP (mg/kg/day)
Control 250 500 750
Dam COmA  115+0.75 106012 1.00£0.18 0.8420.57
LPS  022+0.08 0.25:0.05 026£0.03 0.22+0.04
b ConA 049040 046+021 0412042 0.50+0.42
P LPS 052026 0.52:£0.16 0524028 0.51+0.20

Pregnant SD rats were dosed orally with DBP once a day on
gestational days 5~18 and days 3~18 postpartum. On postpartum day
22, spleens were removed from rat dams and 12 pups' spleens of the
same dose group were pooled. The proliferative responses of the
splenocytes were tested with concanavalin A (Con A) and lipo-
polysaccharide (LPS). For mitogen responsiveness assay, 1.0x10° cells
of splenocytes in RPMI supplemented with 10% FBS were added to
the wells of 96-well plates and incubated with Con A (1 pg/m/) or LPS
(20 ug/mi) at 37°C, 5% CO, for 84 hrs. Then 20 ul/well of combined
MTS/PMS solution was added. After 4 hrs at 37°C, 5% CO,, the
absorbance at 490 nm was recorded using an ELISA reader. Results are
expressed as the OD,,, means (+S.E) value.
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Table 4. Effects of DBP on hematological value of arterial blood
cells in rat dams and pups

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

Dams

% Neutrophil 7224 12.6£3.1 11.0+46 118426
% Lymphocyte  77.0x1.8 74725 747£29 759+20
% Monocyte 9.01.0 6.6+1.2 8.5+1.9 6.0+0.7
% Eosinophil 0.2+0.1 0.5£0.1 0.7+0.3 0.6+0.1
% Basophil 1.3+0.2 1.0+0.19  1.0+£0.13  1.2404
Pups

% Neutrophil 3.6£03 5.6%:0.8 3.6x0.4 3.1+0.6
% Lymphocyte  77.7+0.7  73.8423 78.1x1.0 78.1x1.0
% Monocyte 11.2+0.5 11.7+1.2 11.0£0.6  11.8+1.2
% Eosinophil 0.3x0.1 0.2+0.0 0.4+0.1 0.2+0.0
% Basophil 1.1£0.1 1.0£0.2 1.7+0.3 2.0+0.6

Pregnant rats were dosed orally with DBP on gestational days 5~18
and days 3~18 postpartum. On postpartum day 22, arterial blood were
taken from hearts of rat dams and pups. Blood cells of each type were
counted using blood analyzer. Results expressed as the relative %
distribution, means=S.E.

*p < 0.05 versus vehicle control.

= neutrophil®] A3 E¥8]= 250 mg/kg DBP F<
oM sl F71EE ALE veldeh(Table 4).

5. A7) A =|]7[0l 4 DBP £0i7} o{0] L A7
EHEOHH BUOMMZEZ| Ay EZH[0| D|X= L&

DBP o7} ofu] o A7 Y= FAeA T A2 2
3} 2AYo] F1X)= J8kE flow cytometryS ARg-sho] 24

100.0
i|:|0 i
|®250 ;
|A500.0 |
im750.0| ]

90.0

800 s e o e - S —

70.0 ——

% cell count

Thymaocyte subsets in rat dam thymus

Fig. 1. Effects of DBP on the constituent of thymocyte subsets in rat
dams. Pregnant rats were dosed orally with DBP on gestational days
5~18 and days 3~18 postpartum. On postpartum day 22, thymuses
were removed. Thymocytes were stained with anti-CD3, anti-CD4 and
anti-CD8 Abs, and then the relative components of thymocyte subsets
were analyzed using flow cytometer. The number (N) of rat dams
tested was 8~10 per dose group and their litters were adjusted to
contain 12 pups. The control rats were dosed with com oil (vehicle).
Results expressed as distribution ratio (%), means S.E.
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Thymocyte subsets in rat pup thymus

Fig. 2. Effects of DBP on the development of thymocyte subsets in
rat pups whose dams were dosed orally with DBP on gestational days
5~18 and days 3~18 postpartum. On postpartum day 22, thymuses
were removed and 12 pups’ thymocytes from the same dam were
pooled. The pooled thymocytes were stained with anti-CD3, anti-CD4
and anti-CD8 Abs, and then the relative components of thymocyte
subsets were analyzed using flow cytometer. The number (N) of rat
dams tested was 8~10 per dose group and their litters were adjusted to
contain 12 pups. The control rats were dosed with corn oil (vehicle).
Results expressed as distribution ratio (%), means+S.E.

3l9d}. Flow cytometry ¥4t of F4 T AlEx 4
CD3 Fs}del] disled o7 S44(CD3" & D3)&
2 FE2ET, 2 F2 CD4%} CD8 Fdkd o {5
3t AE-H o2 B (CD4* CD8Y, CD4* CDS§, CD4™
CD$8', CD4~ CD8)= %t} wetr CD3* FA oM -3
CD3™ FA oMM E7ol dist X5 Zp2t WMEEE 33
FA o ZZe] EX %o 3 DBPY <3S AT 2
3} 2ol v]E| DBP FoFellA A Exw]e] 2
el Wl #AERA] AT (Figs. 1, 2).

6. L2 A /7|0 HE DBP F0{7} o{0] R A
7] HEQ| v|H OtMZER S X EXb|of 0jX|l= S

H| ke tofst o PM| 257 Asate-g Fa 5
8 Hegubgo] dofibs Aol ofgt Bl A
Al Q&g k= A2 T A2 B HlEo|w. $4¢ 7
22} vER7IR|E flow cytometryS- &-8-3}e] CD3, CD4,
283l CD8 FHd i -7 2ALE Bsl oiksl v
A T MEoHAE wigk A BXuE ZARICH
F7}2. ¥} kappa chain A& M3l B Al E2] £
v] W3t® ZAbsI T A A oju]o] A el M FAL
H w3t o ETME 2T ulwsle] EFEH|o
z}o) & Koz Wkvh(Fig. 3). 28t Al7] =2 v|A el
A& CD8" T A E(500 mg/kg FolZellA)2} B A E(750
mg/kg FoiTellA)e] A A EEn|7E 4F DBP T
oA djz2Fl vlsl FolA sle FVIE BovhFig. 4).
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Fig. 3. Effects of DBP on the constituent of splenocyte subsets in rat
dams. Pregnant rats were dosed orally with DBP on gestational days
5~18 and days 3~18 postpartum. On postpartum day 22, spleens were
removed. Splenocytes were stained with anti-CD3, anti-CD4 and anti-
CD8 Abs, and then the relative components of splenocyte subsets were
analyzed using flow cytometer. The number (N) of rat dams tested was
8~10 per dose group and their litters were adjusted to contain 12 pups.
The control rats were dosed with corn oil (vehicle). Results expressed
as distribution ratio (%), means+S.E.
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Fig. 4. Effects of DBP on the development of splenocyte subsets in
rat pups whose dams were dosed orally with DBP on gestational days
5~18 and days 3~18 postpartum. On postpartum day 22, spleens were
removed and 12 pups’ splenocytes from the same dam were pooled.
The pooled splenocytes were stained with anti-CD3, anti-CD4 and

.anti-CD8 Abs, and then the relative components of splenocyte subsets

were analyzed using flow cytometer. The number (N) of rat dams
tested was 8~10 per dose group and their litters were adjusted to
contain 12 pups. The control rats were dosed with corn oil (vehicle).
Results expressed as distribution ratio (%), means+S.E.

*p < 0.05 versus vehicle control.
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Aol gt oJ3kE v FHA o] FEI = B3}
31 2R A e EA o] HY 7G| wx|= o33kl A3t
A= TCDD(2,3,7,8-tetrachlorodibenzo-p-dioxin) & ¥| ¥
gt dF =4S A 933 wln]§t AA ook (Camacho 5
2001; Gehrs 5, 1997). 3t Q7Fe 3§38 T 5EE2)
THF AW7E %S ofrlolA AHez o=3la )
32 oA HA 9] bgde] AgFol g glef A/ 5=
F710l ofulz} W BB A AR EA e i A)7)e] =
A7)5N % A - 7 A oS F vFsA =3 vl$- Fof
AFFTES AHE AT PA17)ol] HAEAE= =
S5 1 A7)AME A AR FEA B 3
A AL A& HY7)5Y FEgE Vet B
2% ¥} 9l ok (Holladay 5, 1994), o] F-ofol ti3t o
= uleFgh #Aloly

DBP(di-n-butyl phthalatey= 28] AAoj B2 23]
HA e ERE AR, FolTH, TE] o)z, B¥A|,
EFgEA g slejazee] T ARolw, sAkEe] A
THIZE ARSE L glo] A EA Wol k2 b5
Aol sl B, ol frolg Fakay Ahdzte)
A FEHY AR of7leld] AT® A Exlz
F2hE 3 9lch. i FRe] WEu]A Aol EA Y DBPe
XZA HE Y AEEME 7oy AAT]% o
o]z et (Mychreest 5, 1999, 2000; Ema %, 1998)
T A7 EuEe] glo) W7 Sl digt 3kl I
= A9 BarE uiyl gioh ok 226 Chung 52 944
% DBPel| &3 =2 HE] efod 27| oM v
HE F2%59 AaE M3k 24 oju|gi =9 DBP X
Zo] A7 =] HYr)5el BAH F3S & /A
AAKEFAEH(Chung &, 2001). ©] 5 w722 B o7olA
 9A1F4 ofn| A=l A3 DBP Fof 717+E A48t
(A A 7)ol BF Fod), o)f7) wiell A7) H
=) dal] W97 2ARSEN ZHE S AYE
= DBP X DBP WAREE©] A7 =2 W 7)5o
n| 2= 98ks- Hrlslara} spgich

A7 A3}, DBP Fo% ofu] A=l A, FA417} H)
A 5 adEalyy] 34, F4 f A NES Ao
v E] FAs dANESS] TA E¥H], FAU o
B T MlFEol-59] ¥¥n] 8] v B AE &
¥8)5 ZAME oyt WS4 I ARl YJH=E F
2R3k ofge] A=A okt o] AR Y=o WA
7} % SAEA de) Adat AAE Bfek gl
v A ol FE3] &S 7S ek gly) wE
A A2 Ates. 1] DBP FedAl vehps ofn]
Al AF ] A 7 A STk HAe] Ie
3l EAEE A3 BHo) 9g 7P = Qo) &
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d417] & 771 E2F DBPY =EF on|2HE

v AAEE A7) =] Aol ofn] =} npErbA|
8 } 5w dbAy] A4, FA 2 v A
4, A A v 2 S5, Bl §A T AlEot
52 FERNME FHEE ggke] HAEA skt
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3 750 mg/kg 5 45 DBP Foiell X F94 A F7}
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1990) Wi-F-o]c}k. 1 27} neutrophite HIHNT A Eel] 7}
3 A =3 HEHoE FWHIMEES Alo|2
wpuvprl 22]ef| o] 2AIfch(Follin %, 1991). wehA
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Al zo] A sl = BA]A of3ES- v)AT). = B M| Zol] o)
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oAbzl 98l neutrophil A 4H(myelopoiesis) A} 2] 2
72 B3 o7zl & AR wiAlY = gdAgt vl
B AlZ £x4] &7} AAAIZIehd extravasation 7FA7}
Y AR S AR Aladd,

o0 2 A7) B Ee) u) CD" T AlEokze] 500 mg/
kg DBP FoigollA] 7k Al Agspldle vF @
< I 8450 S AL 2 AljEY ot Fig. 161M
HZo] FAO] Yofst T M Eolge] H¥u)7} 27
zte] 7} §Isl7] Wl THIES] B3} Aol st JE kS
&3 A3 obd Aoz FAEY o) CD4* helper
T 27} B AlZ2] 2843t 9 2348 f=3iche 2 o
Al ARl H]Fo] E- o] CD8* T A Eot2] 712 B A
E F3Z8] F7Fe] QR oldsy| = o} whelA] of
v] 258 ALE DBP == 1 thARiEEe] ¥]% CD8* T



408

Aol 2] AT cell cyclepll A FHEL FUE 7
S4e] sioh. -2 &3 Homann 5(1998)& B Al £9) &
43t F4o] T AZel o3} YHoE 2ARh: Yt
A AM= 2] B -/~ vkl CD4 2 CDS T Al
o B4 AFL WAoo T AES} B AE2 A7
7h QA Aol ohde} 4 Rk Fr A WA
& B wslgic) wlebd CD8* T A Eohge] Hxn] F7}
7} B AlE 232n] F71e) dAFe] 3lE 7FeA = wiAlE
= ol =3 CD8* T M E7} T/B A E#]7} %
B4 AAE Th2-3AF 7158 BHsjed B A2
A3 9 FAE S B2 E3Ee] lvkHal 5,
1999; Hermann %, 1995; Simonelli 5, 1992). |23+ o
T ASEL CDS' T ME9} B AlE £Xn] 3717k o
TS = 9 S9AM s EA= e,

ool Al 2 ule} o] ofs] YES] DBP kEE
ol QAAAE FE3] AP AN A7 Y=
o] A97153 AP FHY Sl JIFE & S5 AN
Kol ke ALz AR ok A AFR }
Chung 59| A7 A5 SRR A Sle 2
et & 4 UE Aelvt. a8yt & A7 A3 ved A
gAle] £33 WHIE F o A= AE] HsiA
+ DBP X3 MBP(monobutylphthalate)2} 2 DBP ti
AMAHE] 1) neutrophils®} B A|Z2] IL-8 receptor ‘W3-
JAl=7}1? 2) CD8* T ME2] A EF7]4] J&Fs &
Q1712 3) D8’ T AZS] Bl - e F
71 9] oRe] G 4 9 27 in vivo @ in
vitro AF7} o) Folxof & Ao Alu ¥},

INEENE

2 AT A FejFEAH) 2001dE 3lA) o)
2 AFAle A9z SaHgen ol 2t =X
et

D
r

It

Agency for Toxic Substances and Disease Registry
(ATSDR}: Toxicological Profile for Di-n-butylphthalate,
TP-90-10. U.S. Department of Health and Human
Services, Pulblic Health Service, Atlanta, GA., 1990.

Boyd, R.L. and Hugo, P (1991): Toward an integrated view
of thymopoiesis. Immunol. Today, 12, 71-79.

Cacalano, G., Lee, J., Kikly, K., Ryan, A.M., Pitts-Meek, S.,
Hultgren, B., Wood, WI. and Moore, M.W. (1994):
Neutrophil and B cell expansion in mice that lack the
murine IL-8 receptor homolog. Science, 265(5172),
682-684.

Camacho, I.A., Hassuneh, M.R. and Nagarkatti, M. (2001):
Nagarkatti PS. Enhanced activation-induced cell death
as a mechanism of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD)-induced immunotoxicity in peripheral
T cells. Toxicology, 165(1), 51-63.

Chung, S.T. et al. (2001): Effects of Di(n-butyl) phthalate
on the developing immune system of fetal and neonatal
SD rats. J. Toxicol. Pub. Health, 17, 115-121.

Colborn, T., vom Saal, F and Soto, A. (1993): Develop-
mental effects of endocrine-disrupting chemicals in
wildlife and human. Environ. Health Perspect, 101,
667-749.

Detmers, PA., Lo, SK., Olsen-Egbert, E., Walz, A.,
Baggiolini, M. and Cohn, Z.A. (1990): Neutrophil-
activating protein l/interleukin 8 stimulates the
binding activity of the leukocyte adhesion receptor
CD11b/CD18 on human neutrophils. J. Exp. Med., 1,
1155-1162.

Dostal, L.A., Chapin, R.E., Stefanski, S.A., Harris, M.W.
and Schwetz, B.A. (1988): Testicular toxicity and
reduced Sertoli cell numbers in neonatal rats by di(2-
ethylhexyl) phthalate and the recovery of fertility as
adults. Toxicol. Appl. Pharmacol., 95, 104-121.

Ema, M., Miyawaki, E. and Kawashima, K. (1998}):
Further evaluation of developmental toxicity of di-n-
butyl phthalate following administration during late
pregnancy in rats. Toxicol. Lett., 98, 87-93.

Follin, P, Wymann, M.P, Dewald, B., Ceska, M. and
Dahlgren, C. (1991): Human neutrophil migraton into
skin chambers is associated with production of NAP-1/
IL8 and C5a. Eur. J. Haematol., 47, 71-76.

Gehrs, B.C., Riddle, M.M., Williams, W.C. and Smialowicz,
R.J. (1997): Alterations in the developing immune
system of the F344 rat after perinatal exposure to
2,3,7,8-tetrachlorodibenzo-p-dioxin: II. Effects on the
pup and the adult. Toxicology, 122(3), 229-240.

Hall, L.R., Lass, J.H., Diaconu, E., Strine, E.R. and
Pearlman, E. (1999): An essential role for antibody in
neutrophil and eosinophil recruitment to the cornea: B
cell-deficient (microMT) mice fail to develop Th2-
dependent, helminth-mediated keratitis. J. Immunol.,

© 163(9), 4970-4975.

Harris, C.A., Henttu, P, Parker, M.G. and Sumpter, J.P
(1997): The estrogenic activity of phthalate esters in
vitro. Environ. Health Perspect., 105, 802-811.

Hermann, P, Van-Kooten, C., Gaillard, C., Banchereau, J.,
Blanchard, D. (1995): CD40 ligand-positive CD8* T
cell clones allow B cell growth and differentiation. Eur.
J. Immunol., 25(10), 2972-2977.

Holladay, S.D. (1999): Prenatal immunotoxicant exposure
and postnatal autoimmune disease. Environ. Health
Perspect., 107, 687-691.

Holladay, S.D. and Luster, M.I. (1994): Developmental



immnotoxicology. In: Developmental Toxicology, 2d ed
(Kimmel, C.A. and Buelke-Sam, J., eds.). New York:
Raven, 93-118.

Homann, D., Tishon, A., Berger, D.P, Weigle, W.O., von
Herrath, M.G. and Oldstone, M.B. (1998): Evidence for
an underlying CD4 helper and CD8 T-cell defect in B-
cell-deficient mice: failure to clear persistent virus
infection after adoptive immunotherapy with virus-
specific memory cells from muMT/muMT mice. J.
Virol., 72, 9208-9216.

Jobling, S., Reynolds, T., White, R., Parker, M.G. and
Sumpter, JP (1995): A variety of environmentally
persistent chemicals, including some phthalate plas-
icizers, are weakly estrogenic. Environ. Health Pers-
pect., 103, 582-587.

Kimata, H., Yoshida, A., Ishioka, C., Lindley, 1. and
Mikawa, H. (1992): Interleukin 8(IL-8) selectively
inhibits immunoglobulin E production induced by IL-
4 in human B cells. J. Exp. Med., 176, 1227-1231.

Long, G. and Meek, E. (1997): Environmental Health
Criteria 189: Di-n-Butyl phthalate, World Health Org-
anization. Geneva.

409

Mychreest, E., Sar, M., Cattley, R.C. and Foster, PM.
(1999): Disruption of androgen-regulated male re-
productive development by Di(r-butyl) phthalate dur-
ing late gestation in rats is different from flutamide.
Toxicol. Appl. Pharmacol., 156, 81-95.

Mychreest, E., Wallace, D.G. and Fostre, PM. (2000):
Dose-dependent alterations in androgen-regulated
male reproductive development in rats exposed to
Di(n-butyl) phthalate during late gestation. Toxicol
Sci., 55, 143-151.

National Toxicology Program (NTP) (1991): Final report
on the reproductive toxicity of Di(n-buthyl) (CAS No.
84-74-2) in Sprague-Dawley Rats. NYIS Publication
No. PB92111996, National Technical Information Ser-
vice (NTIS), US Department of Commerce, Springfield,
VA.

Simonelli, C., Rugiu, FS., Manetti, R., Parronchi, P,
Piccinni, M.P, Almerfgogna, F., Romagnani, S. and
Maggi, E. (1992): Both CD8" and CD16" human T cell
clones can provide B cell help for immunoglobulin
production. Int J. Clin. Lab. Res., 22(1), 36-39.



