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Reproductive toxicity of intrauterine exposure to

2,3,7,8-tetrachlorodibenzo—p-dioxin in male offspring rats
Tan Xuemei',Zhang Xiuli?,Yu Kailun',Liu Manman',Tao Yuchang',Chen Yao',Yu Zengli’
(1. Teaching and Research Section of Nutrition and Food Hygiene ,School of Public Health ,Zhengzhou
University ;2. Nutrition Department ,the First Affiliated Hospital of Zhengzhou University)

[ Abstract ]Objective . To investigate the effect and mechanism of action of 2,3,7, 8—tetrachlorodibenzo—p—dioxin (TCDD) intrauterine
exposure on the reproductive function of male offspring rats. Methods : After mating, pregnant rats were randomly divided into high—
dose TCDD group (0.5 pg/kg) ,low—dose TCDD group (0.1 pg/kg),and solvent control group,with 6 rats in each group. The TCDD
groups and the control group were treated with TCDD and corn oil , respectively, by intragastric administration on gestation days 8-14
(GD8-14). After being delivered naturally ,male offspring were measured for anogenital distance (AGD),and testicular organ coeffi—
cient was also calculated. Then the quality and quantity of sperm were analyzed by a sperm quality analyzer. In addition, the level of
testosterone (T) in the serum of male offspring was determined by enzyme-linked immunosorbent assay,and the expression levels of
the apoptosis—related proteins Bax,Bcl2,and caspase-3 were also measured. Results . Compared with the control group,both the low—
dose group and high—dose group had a significantly shortened AGD[(1.32 £0.01) c¢m and (1.21 £0.02) cm vs. (1.49 £0.04) cm,P=
0.000],and these two groups showed significant reductions in sperm count[(63.67 = 3.44) x 10%mL and (45.33 £5.47) x 10%mL vs.
(72.33 £4.46)x10%ml] and sperm motility rate[(64.40 +3.14)% and (53.87 +3.65)% vs. (78.53 + 1.26)%]. Furthermore, a signifi—
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decreased level of testosterone in serum[(2.38 +0.08) ng/mlL
and (2.10 £0.09) ng/mL vs. (2.68 +0.06) ng/ml,P=0.000]

were also observed in these two groups. The testicular weight
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and testicular organ coefficient in the high—dose group decreased significantly compared with those in the low—dose group (P=0.001

and 0.004, respectively). With an increase in TCDD dose, the relative expression level of Bax protein increased significantly in testic—
ular tissue cells(0.836 +0.004 vs. 1.185 £ 0.004 vs. 1.414 £ 0.001,P=0.000) ,whereas the expression level of Bel-2 demonstrated an
opposite trend(1.368 £ 0.053 vs. 1.108 £ 0.040 vs. 0.751 £0.022,P=0.001). Meanwhile,the high—dose group had a significant reduc—

tion in the expression level of pro—caspase—3 and a significant increase in the expression level of cleaved—caspase—3 (P=0.000).

Conclusion ; Intrauterine exposure to TCDD can induce feminization of male offspring,affect their fertility,and cause reproductive

toxicity. The mechanism may be related to cell proliferation—apoptosis imbalance and activation of the mitochondrial pathway of apop—

tosis in the testicular tissue cells of these offsprings.
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TS A DA I LA 8 R 4 2 2 P S ) A
IR B AP R R IR R T k-
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215 TAHEE (em )

PRI R L 1.49 +0.04
0.1 wg/kg TCDD 2H 1.32£0.01°
0.5 wg/kg TCDD 2H 1.21 £0.02*
FAE 108.240
PAH 0.000

T ca, SR IBAL L H, P=0.000;b: 5 0.1 wg/kg TCDD 2H 4%,
P=0.000
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0.04)%F1(0.29 +0.03) %, J7 2253781 3 25 N TCDD 2 58 X}
PRSI R 22 5, 2R A HIT %8 X (F=8.190,
P=0.004), P HCARSE R, 0.1 pe/kg TCDD AT RLEE AL
N2 2R 0055 17 00 % R 20 A7 B S DAL U 4 3R B50H HE TG I 22
5 (P=0.075),0.5 pg/kg TCDD 24T FLSE IR &% 22 505 1557
Xof HEZEA T BLS2 R #8350 EL B R B AIG (P=0.001),0.5 pg/ke
TCDD ZH A7 RS2 AUNESS ZE0 0.1 pg/kg TCDD 44T R =2
I 2 O Fe TG B 25 5+ (P=0.050) , WLE& 2,

*2 ERNTCDD REXTREAE=EREAMES
RERBHIHN (x +5,n=6)

25 I (g) IR RE (%)
TR B2 1.75 +0.15 0.39 £0.04

0.1 pe/kg TCDD 2 1.61 £0.04° 0.34 +0.04

0.5 wg/kg TCDD 2H 139 +0.18" 0.29 +0.034
FAH 10.780 8.190

P 0.001 0.004

e a, FEERIXTHRLL L, P=0.099; b 577X B4 HL#E , P=0.000;
¢: 15 0.1 pgkeg TCDD #H FLAE, P=0.012;d : 15 3% 50 %k BE 20 L, P=
0.075;e: SN BRZH LA, P=0.001;1: 5 0.1 wg/kg TCDD 4 L4,
P=0.050
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‘B N ZEFR TCDD, EHI X B 20 0.1 we/kg TCDD £ % 0.5
pg/kg TCDD ZEEVEAF BRLTE 527 53514 (2.68 + 0.06) ng/mL,
(2.38 £0.08) ng/mL F1(2.10 + 0.09) ng/mL, J7 25047 3 415
PN TCDD & # %A T BRI I SE A ) 25 5, 2200045 B T4
X (F=84.810,P=0.000), PP LLELEEHRFRI 0.1 ng/kg TCDDZH
K 0.5 pgrkg TCDD 2R A A BRI TR 52 5 375 700 % et 241 A
PEAT BRI 52 R AH L 3 I 2 AR (P=0.000), H 0.5 ng/kg
TCDD £ A BRI 75 B2 W4 0.1 we/kg TCDD 4 HEME A B
LY SR B 2 R AR (P=0.000) . L3 3.

%3 BEM TCDD HREXMFRMEHEME BRI (x +5,n=6)

251 Z2i] ( ng/mL )
peagilpagiE) 2.68 + 0.06
0.1 wg/kg TCDD £ 2.38 +0.08"
0.5 wg/kg TCDD 2 2.10 +0.09*
FAH 84.810
P 0.000
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‘BN FR 8 TCDD, AT R4 (0.1 pg/kg TCDD 4 K
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(4533 £5.47) x 10°4/mL; (78.53 £ 1.26)% . (64.40 +3.14)% .
(53.87 £3.65)% ; (2.17 £0.75)% . (4.83 +0.75)% . (8.00 =
1.10)%., 75 225301 3 418 4 TCDD B E 0t HEVEAT BURS T35k
(2253, 22 54 Gt 7 L (F=55.530, P=0.000) , Wi P He 4545
KW 0.1 wg/kg TCDD 215175 71D RRZE AP A7 B 318K
AR HE B 8 B4R (P=0.005),0.5 pg/kg TCDD ZHHEMEAT BUKS T
THECS ¥ 000 BECZEL A P A BURS 5 31 H5OM B WDt AR (P=
0.000), H. 0.5 pg/kg TCDD ZHHEMEAT BURS FI1508 0.1 ne/kg
TCDD L HEEAT BURE ¥ 11409 BB AR (P=0.000) ; J5 25 53#1 3
ZE A TCDD B85 X AR A BURS 15 e 22 5% 22 A 4eit
275 X (F=111.130,P=0.000) , PRI A4S 1T, 0.1 ne/ke
TCDD 44 % 0.5 pg/kg TCDD 20 5% 577 % HE 21 M A1 BRORS 1
TR A EL A SRR A (P=0.000) , L 0.5 wg/kg TCDD 4 Mk
- BURE T 245 0.1 we/kg TCDD ZHHEVEAT BURS 71 0 i
F#A% (P=0.000) ; J7 2250 #1 3 41 N TCDD % 58 X ik 47 B
K FIRIE S 25 5 22504 it X (F=65.790,P=0.000) .
PP AR R0 ,0.1 we/kg TCDD 4% 0.5 pe/kg TCDD 2H
A0 RE 2R A P A BURS - R SRR Ll X I 1 (P=
0.000), H. 0.5 pg/kg TCDD ZHMEM:AT BURT M 545:0.1 ke
TCDD LA BRURS 5 I E 232 B 1 55 (P=0.000) , L3k 4,
‘BN TCDD % 5% BOMEVESF BURS T2 a0 1 s | ELFIE L
BRI 55 R 2 0, 250K BN TCDD % 5% ) fif
RS FHH 5 T0AERRAR , W43 & S e A BUAE B RE D .

BREEIRTTE

B 1 BRN TCDD REBFRETHERSE

&4 BEH TCDD REXMFRBFIHEER BEENZIM

(x+s,n=6)
15 R x RFERE Krmigs
10° 4~ /mL) (%) (%)
TR R 2 7233+446  7853+126 2.17+0.75
0.1 ug/kg TCDD 20 63.67 +3.44" 6440 £3.14" 483 £0.75'

0.5 ug/kg TCDD 240 4533547  53.87 £3.65% 8.00 = 1.10%
FAH 55.530 111.130 65.790
P 0.000 0.000 0.000

T a, SIEFIN B HLEL , P=0.005 ;b 55000 BE 4 L 45, P=0.000;
¢:15 0.1 pg/kg TCDD 41 HEL , P=0.000; d : 5 %557 % B 4H L %5, P=
0.000;e: 15 0.1 pe/kg TCDD 41 HLH5, P=0.000;f: 55 9% 55 %) B4 4L,
P=0.000;g: 5 0.1 pg/kg TCDD 41EL45% , P=0.000

25 TATCDD REMNFREAMBATHAEG KL
EAC)

[l 2 A Western blot 2255517 &], ¢ 5 M Image J
XS EERAH A TR S BT AE SR . e S AT
N EZ TCDD, 757 % ZH 0.1 we/kg TCDD 20 /% 0.5 pglkg
TCDD #H 47 22 JL 41 4L 40 i Bel 2 Bax ,Pro —Caspase =3,
Cleaved—Caspase—3 & [ X} ik &} Bel-2/Bax HLAE 533
7 :Bel-2(1.368 +0.053 1.108 + 0.040,0.751 + 0.022) , Bax
(0.836 = 0.004 ,1.185 +0.004 1.414 +0.001) ,Pro—Caspase -3
(0540 £0.024 0511 +0.029.0.323 £ 0.013) Cleaved—Caspase3
(0.978 +0.009,1.085 +0.041,1.739 +0.095) Bel-2/Bax It
(1.637 +0.069,0.936 = 0.036.,.0.531 £ 0.016) ; J5 227047 3 4H'Er
PN TCDD % X7 B2 ALZH U400 Bel-2  Bax ,Pro-Caspase—
3. Cleaved—Caspase—3 % [1 A % Fik 7 ) Bel-2/Bax HL(H K
25, 22 A GeitE B 5L, 430 R Bel -2 (F=175.320, P=
0.000) ,Bax (F=313.710, P=0.000) ,Pro—Caspase -3 (F=78.43,
P=0.000) ,Cleaved —Caspase -3 (F=141.650, P=0.000) ,Bcl -2/
Bax HU{H (F=447.780,P=0.000) , Fi i LLAR S T4 17 0.1 pg/ke
TCDD 20} 0.5 pg/kg TCDD 2H 5 % 55 5 8 2 M AT BRL 52 L
LA Bel-2 FR VAT R A S AH H3 ] B (P=0.000) ,
H 0.5 wg/kg TCDD ZH%% 0.1 pg/kg TCDD A HEVEAT B2 HL2H
UM Bel-2 25 PR 25 B W] LR AIR (P=0.000) ;0.1 pg/kg
TCDD £ K% 0.5 warkg TCDD £2H 517 71 %) HR 4 M A B2 AL
ZHEVANN Bax 2 [ AH XS 2235 fAH LU 4B 54 = (P=0.000)
H.0.5 pg/kg TCDD ZH%F 0.1 pefkg TCDD ZHAEEAT BL S HL2H
LN Bax B [ AHXT 235 5 B B 38 15 (P=0.000) ;0.1 ng/kg
TCDD £} 0.5 wg/kg TCDD ZH 57 X7 FRZH A A B 52 L]
UMM Bel-2/Bax LLAAAH LYY WAL (P=0.000), H. 0.5 png/kg
TCDD 20%5 0.1 pg/kg TCDD ZHAEPEAT FLE2 JLATZ 41 Bel-
2/Bax B A 5 FAIG (P=0.000) ;0.1 pg/kg TCDD 2H 5 9% 5 %)
HRZE AT B2 ALZH 2 A0 Pro—Caspase—3 5 FIAH X 26 1k
A TEIA 2% 5% (P=0.170) ,0.5 wg/kg TCDD 21 5% 5 % i
MEPEA T2 AL A0 Pro—Caspase—3 5 FI AR 6 1k i
AH H B B R (P=0.000) , . 0.5 pe/kg TCDD ZH%E 0.1 pefkg
TCDD ZH HEtEAT BR 52 JLZH 24 M Pro—Caspase—3 & [FIAHXT 3=
PR AEIA AR (P=0.000) ;0.1 wefkg TCDD 41575 % IR 20
PEAT R ILH S Cleaved—Caspase—3 45 [ H X 32 15 AH
L IEH i 2% 57 (P=0.720) ,0.5 we/kg TCDD ZH 5175 70 Xof HR 2H Af:
PEAF BRI 24 Cleaved—Caspase—3 25 [ A% 35 15 5241
L B B R AR (P=0.000) , H. 0.5 wg/kg TCDD ZH# 0.1 wg/kg
TCDD £H HEVEAF FLS2 S SN Cleaved—Caspase—-3 2 FAAH
X F ki R FER (P=0.000) . 454275, 5 N TCDD 55 A]
et S RUA M A SR RE T3 BT, 19 e SEALAMAE I ToRE ), i AR
FUANHIE B~ T A, HLAS SR A g AR DG
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&5 BEMN TCDD REXFREAFTHEXEZELHRM(x +5,n=3)

21 51 Bel-2 Bax Bcl-2/ Bax Pro—Caspase3 Cleaved—Caspase3
TR IR 2 1.368 +0.053 0.836 + 0.004 1.637 + 0.069 0.540 + 0.024 0.978 + 0.009
0.1 wg/kg TCDD 2H 1.108 + 0.040° 1.185 = 0.004° 0.936 = 0.036° 0.511 = 0.029¢ 1.085 + 0.041
0.5 wg/kg TCDD 21 0.751 = 0.022* 1.414 = 0.001 0.531 £ 0.016¢ 0.323 +0.013" 1.739 + 0.095"
FAY 175.320 313.710 447.780 78.430 141.650
P 0.000 0.000 0.000 0.000 0.000

W ca, FIEFIR L L #E, P=0.000;b: 55 0.1 wg/kg TCDD £ FL#E, P=0.000; ¢ : 51 7% B 4H H &%, P=0.000;5d: 55 0.1 . g/kg TCDD 41 L #5,

P=0.000;e: SEEFINHEZH HLHL, P=0.000;1: 55 0.1 pg/kg TCDD 4 AL, P=0.000; g 557 IR L AL, P=0.170;h: S5 FIXS B 20 L4, P=0.000;
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