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WE: BH HHUNERAMAIIEEY (POPs) ZFEEXARIATE ., dhaa . JEEF. mE k. REEFH b
EPRVRISEIR . FTik 16 H SD REBEL - SIS R A, SCIAH A H A T2 AWK . SRR L2540 s
WM ZEATEIFRERIR A (LW 10, 5. 1 ng/mL) #EH, %228 d, #EAFN 10 mlkg; SHRALT
AHFUATR R I R RUASE . JhE s, SCROREIN MR AAmm Ak, BOUF. B, M. S (O HREITE
et LG, BOUF A 2RI RS T AL sy . S6R PR RIS oR W B 8 53 (R R A ARAE , oA R BIRE T4, 52
IR R R ML TR, S S5aREAESCEAER (P<0.05) o MR RSCIAF ALy (3.87£0.19) %,
RS (3.53£0.06) % (P<0.05); MEMERRSIRAIMLT A& a, Lo 4i4analh (14525 +6.18) o/L Al
(6.90+0.14) x 10%L, HMEFXFIELAAY (154.50 £4.20) /L Fl (7.39+0.24) x 10WL (P<0.05); MEPEKRBSLIHRAHS
JEH Bk -S ¥ A58 (GST) A (13.37 £ 1.05) U/mgprot, i FXTHRZAM) (9.43 +1.08) Ulmgprot (P<0.05) 5 MfEkAEdE K
FLSZIE 2 PAS01A1 435Ik (88.23 £5.81) ng/meprot Al (96.80 + 13.32) ng/mgprot, 3 T %F ML) (73.85 +5.86)
ng/mgprot I (72.20 £2.01) ng/mgprot (P<0.05) . &5it L POPs IRA W5 TR BT P4501A1 FHm, AR R
RERSE N, MEMER B GST MRS HETH = MM LT a1 . LM ERAIS, $npLIR T RESZ B .

KR FEAVEE NS ARG, AR
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Effects of low dose persistent organic pollutants on rats
CAI De-lei, SONG Yan-hua, XU Cai—ju, LU Wei, XIA Yong, FU Jian—yun, SHEN Hai—tao
Zhejiang Provincial Center for Disease Control and Prevention, Hangzhow, Zhejiang 310051, China

Abstract: Objective To evaluate the health effects of persistent organic pollutants (POPs) on body weight, food intake, in—
ternal organs, blood biochemistry, metabolic enzymes and antioxidant ingredients of rats. Methods Sixteen healthy
Sprague—Dawley (SD) rats were randomly divided into the experimental group exposed to 10 ml/kg mixture of POPs (10 ng/mL
PCBs, 5 ng/mL PBDEs, 1 ng/mL PCDD/F) everyday for 28 days by gavage, and the control group exposed to the same volume
of soybean oil in the same way. Body weight and food intake of the rats were recorded regularly; blood routine and biochemical
indices were detected; liver, kidney, spleen and testicles (ovary) of the rats were weighed to calculate organ coefficients;
metabolic enzymes and antioxidant ingredients were detected from livers of the rats. Results  No obviously abnormal symptoms
and no deaths were found in both groups. Compared to the control group, the weekly food intake in the experimental group in—
creased more for there was an interaction between grouping and time (P <0.05) . The ratio of liver to body weight of male rats in
the experimental group was higher than that in the control group [ (3.87 £0.19) % vs. (3.53 £0.06) %, P <0.05] . The
haemoglobin and red blood cell of female rats in the experimental group were lower than those in the control group [ (145.25 +
6.18) g/l vs. (15450 £420) g/ll; (690 £0.14) x10%L vs. (739 +0.24) x10%L; both P <0.05] . The glu-

tathione—S—transferase (GST) of female rats in the experimental group was higher than that in the control group [ (13.37 +1.05)
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U/mgprot vs. (9.43 +1.08) U/mgprot, P <0.05] . The cytochrome P4501Alof rats in the experimental group was higher than

that in the control group [female:

(88.23 £5.81) ng/mgprot vs. (73.85+5.86) ng/mgprot; male:

(96.80 + 13.32) ng/mg-

prot vs. (7220+2.01) ng/mgprot; both P<0.05]. Conclusion After exposed to low dose of POPs, the cytochrome P4501A1

increased in all rats, the liver to body weight ratio increased in male rats, GST activity increased while red blood cell and

haemoglobin decreased in female rats, which indicated possible body damages in rats.

Key words: Persistent organic pollutants; Metabolic enzymes; Oxidative stress

BEF Tl AL A s bR e, RE IR AN RS
RHEFEAR W, R AEA VTG YWY (persistent
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P, BETERAUPKIEE TR, X ARG
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WL BL, POPs XFRiZe | AR5 . RN PR 43 M6 55 3%
Gihear B HARBEEMEM ) ZHEKRE
( polychlorinated biphenyls, PCBs) . 2 & Bt 7 Bt
(polybrominated diphenyl ethers, PBDEs) #l PCDD/F
[ Z & A —EJE (polychlorinated dibenzo—p—dioxins,
PCDD) F1 Z & 1 2K Jf nk W ( polychlorinated
dibenzo—furans, PCDF) & FR] J& POPs 1 LA AL
FMER 3 KW, RIS Y b B R AEAE , AHOE
W5 A 32 B3 OCTE 7 . POPs FERE i VR FEAE
AARME, T H AR S YIE L& T A i
ATEVEMERT, G, WFSEARR & POPs RS W)X HLIA
R 52 i) FL AT B SR 2 B o S AR R ST AR ARG
POPs {44 (PCBs. PBDEs fil PCDD/F) # 5%} SD
KRB Eaa, IS, meEfl . AR
I S HEPRIIREI , it — BT POPs FOEEVENL
il g fifs . BB T .

1 RS

11 £ %X M 5M%E POPs H PCBs. PBDEs I
PCDD/F #415%; PCBs fu#f PCB28, PCB52. PCBI0I1,
PCB138, PCB153, PCBI80, PCB77. PCBSI,
PCB105. PCBI114, PCB118. PCBI23., PCBI26,
PCB156. PCBI157, PCB167. PCB169 Fl PCB189;
PBDEs 4% PBDE28 ., PBDE47., PBDE99. PBDE100,
PBDEI53, PBDE154. PBDEI83, PBDES5S Al
PBDE15; PCDD/F £ 2378-TeCDF, 123-78PeCDF
23478-PeCDF,  123478-HxCDF, 123678-HxCDF,
234678-HxCDF, 123789-HxCDF., 1234678—HpCDF .
1234789-HpCDF ,0CDF ,2378-TeCDD ,12378-PeCDD |
123478HxCDD,  123678HxCDD.  123789HxCDD .,
1234678HpCDD F1 OCDD. Pk FiFI#4 i Sigma 23 A

At SHEA B RS (T-SOD) Wil . A H
ik (GSH) Wil &, sl & . &
B H K -S R (GST) Wik . Byiafbat
71 (T-A0C) Mg & . W (MDA) ik
35 b B s R Y TR ST AR ER S . CYPIAL
ELISA Kit (Rat) Hidb 5 AVIVA SYSTEMS BIOLO-
GYS Z~rl# it . BCA 8 11 ook B I 150 S i AR
THY TR (L) ARA AR 8.
MEK-6318K 4= H 2l Ifil & 7+ Hri (H A H) ;
TBA-40FR 4 H sh AL 0 #r il (H A K Z) ;
PL1001-L - RF (HFFFE) — $EH12) 5 precellys 24
HAE A Bertin A H]) 5 721 400CETE (LR
R AR A BR A D) 5 centrifuge5810 ¥3 Uk 250 HL
(N5,

1.2 %¥sh4  SD KE, Wil%, 1AHE 50~70 ¢,
B I s L e s A PR ST rl it sh ikl
BT VLA SE IR s W bl 4R, AT AR ME GB
14924.1—2001 (S50 3 Be A 1RDRkE H BT A e o
R IREE 554 BRBEIREE, SCI08hW bl F VT Al Uk
4 SYXK (#7) 2013 - 0190, i 20 ~24 °C, HHXf
ML 50% ~ 70% . S50 TR BRAE ) by 205 vh i 1
4d.

1.3 E¥gEk SD R 16 2, L kL indaif
XPHEA, R 8 H, MEMERS Y, BEm SR, Ak
. K. ¥ PCBs. PBDEs Hl PCDD/F FH K &y
e, miRSIEVERZ Y, ZOkEES 8 10, 5.
1 ng/mL, BHZOWMEB LT, #2028 d, #HAEH
10 mL/kgo XFHRRLAZG TR AR R G, & HIE
SRR AEEER R, SRR B K ik T
I FRAS I, BT Sk B T A fAS XA KRR
HEAT SR AW ES , [FIRFIUR . B RS2 (B9
H) FREIFIHENALL, FHBUFHZ . AR TR
JiF —40 CUKFHERAE o A B A b S AL B A
Wk ¥ e PRS0 10 mL A BEER K, 513K,
4 °C, 2500 xg B0 10 min, B E3E W F GST,
MDA. T-SOD. GSH. T-AOC Fl%& [ JF 55 5L A6
5 BB Ak 2 A BRER KRR RR 20 15, A VAR 2
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14 it At RS SPSS 19.0 BAFGEITAMT. S5
Bl IR + RiERs (xas) IR, 418 FLBCR
SEAEAS ¢ KB S SRR 22 00T . R K
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535.446, P<0.001; #fi: F=620.737, P<0.001), 5C
SR A B KRR 22 R oGt w2 L (M. F=
0.223, P=0.653; M. F=0.122, P=0.739), {K&EAx{k
BB LIEARTE S . 44l SEHE L BN TR T4 E
X (M. F=0.282, P=0.722; M. F=0.127, P=
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B 1 GG POPs RS IA 0 HEPER AT A5

22 WMAXKBELTE. RHANFfh T3 T
ANTRIESH ]SO . BV R R 22 A S X
(M. F=103.115, P <0.001; H: F=160.761, P <
0.001) , SEERZH 5X) B2 R R & & 25 5 e g it
B (M. F=0.581, P=0.475; M. F=0.242,
P=0.640) , 432 SR AE B AN 2 RA SR X
(M. F=4.499, P=0.016; Hft. F=3.700, P=0.031) .
ANIRIERH ]S . A K R B AR E R A Gt

=X (M. F=34.189, P<0.001; #ft: F=11.376, P<
0.001) , SEEGZHFIXT HEZH K B BRI F %2 25 R 04
P X (M. F=0.770, P=0.414; M. F=0.459,
P=0.523) , 4415 B8]0 58 BN ST E L
(M. F=0.464, P=0.711; H#E. F=0.200, P=0.895) .
SIS0 AL R RS E L, ZER ISR L
(M. =0.367, P=0.726; Hf: 1=0.018, P=0.986). Ul
%=1,

R PAIREE R YR A AR Y o AL (xts , n=4)

e (9
4151

fHAE @) R

1M H2M H3H 4 M it

WUE H2M m3E Ha Nt e

i3
SR 13148 +6.61 171.80+8.59 19430+ 11.63 17405542 671.63 +28.39
A 139.30£7.60 189.68+8.52 19153+ 13.75 166.55 + 12.26 687.05 +28.82
i
WA 136.10+6.37 194.40 +12.31 231.90 +9.95 221.55 + 12.95 783.95 + 38.43

THGLH 14920 +4.17 200.13£4.75 243.40 £6.34 212.20 + 14.10 804.93 +21.20

3545+1.39 2393+2.23 13.96+231 12.18 +4.97 20.28 £0.74 136.08 + 4.12

3397+ 144 2035+4.18 14.60+426 12.00+1.75 19.44£2.02 133.45 + 13.68

3581 £1.98 29.65+3.41 24.59+2.06 23.40+2.72 2747 +1.20 215.65 + 18.61

3391 +£1.47 29.26+2.25 24.04+2.25 22.31+3.07 26.73 £2.10 215.40 +20.81
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20 K R o HLAE AR P
LA LT RO R T X IR (P<0.05), ik
PER B IMLT R . LA E R LG

M R B S B 2 o

R 2 PIZHRRUALHE B bR AL (ks ,n=4)

X (P>0.05) . SEHGZH 5% IRZE A B 40 B8, Tk
ELAIIE . PRI AR (22 MR S 1E 7% AR k)
i, ZRHEgiEE X (P>0.05) . WLk 2.

g5 JiEAR: A S| LI EE 3R b N FAIZ A i AL
(g/1) (x10%/1) (x 10°1) (%) (%) (%)
I
Xif R 2] 154.50 + 4.20 7.39 +£0.24 6.49 +1.96 71.60 +2.95 2.78 £0.42 25.63 £2.68
SR 14525 +6.18 6.90 +0.14 6.45+2.32 70.08 = 3.85 3.40 £0.59 26.48 +3.34
18 2.474 3.527 0.025 0.603 -1.812 -0.394
P 0.048 0.012 0.981 0.569 0.120 0.707
i
Xof R 2l 150.00 + 5.35 7.16 £ 0.61 7.45 £ 1.67 71.35+2.47 2.45+0.54 26.20 +2.46
SR H 149.67 +3.06 6.97 +0.06 6.69 £ 1.49 71.03 +2.56 2.27+0.35 26.70 £2.25
R 0.095 0.505 0.625 0.174 0.459 -0.273
P 0.928 0.635 0.559 0.869 0.666 0.796
2.4 WAXRmAAFILE LI GXIRAR /BRI AS EmE E, ERBEgirE X

ML A N B . A3 e ad il . IRERA JILET
=WEEHh . BEEEE . BEA. AHEA. BREA.

(P>0.05), W% 3.

F3  WAIKEUMAEFRIR AL (vts ,n=4)
g BNEEN WREEERE RRA PUEF =EEH BUREEE SEA I BREN BRI 23 1 il
(U/L) (U/L) (mmol/L)  (mmol/L)  (mmol/L)  (mmol/L) (g/L) (g/L) (g/L) (mmol/L)

i

XiHEZH 43.25 +6.80 232.00 +28.65 7.06 + 0.86 44.50+3.42 0.45+0.09 1.91+0.24 6123 +2.5231.55+0.8329.68 +2.66 1.07+0.10 4.90 + 1.18

S 39.50 +5.92 237.00 £55.23 7.24 £0.63 42.75+4.65 04220.06 1.98+0.18 62.18 £4.07 31.45+1.9730.73+2.93 1.03£0.10 5.191.10
{8 0.832 -0.161 -0.337 0.607 0.515 -0.457 -0.397 0.094 -0.530 0.599 -0.988
Py 0.437 0.879 0.747 0.566 0.625 0.664 0.705 0.929 0.615 0.571 0.361
i

Xt HEZH 38.75 +3.77 242.00 £ 35.81 6.89+0.72 39.50+3.32 047 £0.11 1.78 +0.23 56.43 +3.30 28.88 + 0.84 27.55 £2.49 1.05+0.07 4.30+0.84

SEHGA] 42.50 £3.11 265.00 £36.45 6.08 £0.52 41.25+2.87 048 +0.13 1.75+0.12 57.48 +1.1328.85+ 1.51 28.63+1.61 1.01£0.10 4.71+1.13
18 -1.534 -0.900 1.822 -0.798 -0.148 0.232 -0.602 0.029 -0.725 0.716 -0.585
P1E 0.176 0.403 0.118 0.455 0.887 0.825 0.569 0.978 0.496 0.501 0.580
25 MWMAKXFMERERPERLLE MEHRRSEE  BUMDA, T-SOD., GSH. T-AOC HIZE H BRzE AL,

AR TXTIRA (P<0.05), TiiMErE K B4
I 2ZE RS (P>0.05); B2 ARSI K
ZSIEVRE . BFE. BE. WE. S0 ) &H.OH
fRE . MUALLFISEIL (ORER) (REGHEE, ZRITESR
HFEE (P>0.05), W4,

2.6 WK AR B I BAL R AR HEPER
BT GST /5 XT84 (P<0.05), TiHEr: K B M
4 GST ZR TG F L (P>0.05) o MEPERIEEME K
FLSZEGAH PASO1AT S0 FXHIRAL (P<0.05) . PHEK

ERBTFEITFEL (P>0.05) ., WLES,
3 it it

AWEFEH POPs 1A W) % 55 7 S 80 fIk, PCBs.
PBDEs #11 PCDD/F 43 524 100, 50, 10 ng/kg, %55%
SR LR SRR DL B S8 A RE R A, R
PACT A, RUELRIAE , WE ., SYFA%E. m
AR A W AR AL, SERR S KA R &
M IEOL
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R4 PR RUVERS T AEAR L FUE (vts ,n=4)

41301 SR AR SN JHEE 5 JW e AL (BRER) JHAA L B AL Jfkre S (BRED
NI ) (2) (e) (2) () (%) (%) (%) KEE (%)
i
XTHRZL  183.55+3.96 6.57 041 1.60 £ 0.15 0.49 +0.08 0.13£0.02 3.58 +0.15 0.87 £ 0.07 0.26 £ 0.04 0.07 £0.01
SCEG 183.10+ 1033 6.75+0.26 1.65 £ 0.09 0.48 +0.08 0.12 £ 0.00 3.69 +0.12 0.90 +0.07 0.26 +£0.03 0.07 £ 0.00
e 0.081 -0.761 -0.585 0.127 0.715 -1.213 -0.642 0.163 0.626
PAE 0.938 0.476 0.580 0.903 0.501 0.271 0.544 0.876 0.555
T
XTHRA] 24985+ 17.73  8.82+0.64 2.31+0.34 0.76 + 0.09 3.10+0.37 3.53 +£0.06 0.92 +0.08 0.30+0.03 1.24 +0.11
SCERZH 252.00+15.80  9.77+1.03 246 +0.19 0.76 £0.17 3.17+0.31 3.87+0.19 0.98 +0.04 0.30 £ 0.07 1.26 £0.17
RN -0.181 -1.566 -0.780 0.039 -0.285 -3.459 -1.286 0.093 -0.227
P{H 0.862 0.168 0.465 0.970 0.785 0.013 0.246 0.930 0.828
&5 WK BUFHBERPTA R B (vts , n=4)
g GST P4501A1 MDA T-SOD GSH T-AOC G{EliE e
(U/mgprot) (ng/mgprot) (nmol/mgprot) (U/mgprot) (mg/gprot) (U/mgprot) (nmol/mgprot)
X HRZH 9.43 +1.08 73.85+5.86 0.72 £0.10 27.20 £ 0.57 1.55+0.31 0.62 +0.07 2.51+048
SEHGAH 13.37 £ 1.05 88.23 +5.81 0.65+0.10 27.53 +2.64 1.97 £0.16 0.71 +0.14 2.39+0.58
t1H -5.242 -3.484 1.102 -0.245 -2.401 -1.114 0.324
P{H 0.002 0.013 0.313 0.814 0.053 0.308 0.757
iz
X HRZH 11.75+£0.23 72.20 £2.01 0.57 £0.03 28.40 +2.37 4.10 £ 0.96 0.79 £ 0.06 2.33+0.21
SRR 1235+ 1.73 96.80 + 13.32 0.57£0.13 26.99 +3.63 342+0.32 0.76 £ 0.16 2.74 £ 0.40
t1H -0.694 -3.654 0.071 0.647 1.332 0.406 -1.820
PAE 0.514 0.033 0.945 0.542 0.231 0.706 0.119

SCURLHME . BEVEREAA 1 E R R B,
AlfRe s POPs & EE A%, Wik, KE#FEREYS POPs
K RN TFHE— A WFTEUE S o R B S B0 2 I 21 2
. ZEAN BT X B4, /R POPs X K Bl
ATHEER . AUFRIRE T2 ML &S POPs
IR S B AR L0 S 20 R R BRI A B A8 h) IR 4
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JHl PBDEs (% K 40. 200 mgkg) ¥ H 4 75 M 1
Wistar K §l 28 K5 & B L B W A, SR
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B

F9E @/~ , PCBs. PBDEs. PCDD/F ¥ [ iFS K
BRI 2 FEARR R EE AR T, KA
FIEAG I BT E AL S b B ARl R KRR T4
TERFEOIRAS o X AT RESE N POPs 255 7 B4k,
Al REE POPs W) [RIAFZEAN EAE T, S5 80/ AR B 4G
M, T — R uEsE

RGN (0 % CYPIAL BE /1 (EROD) . GST

it 15 V£ # /E 7 PCBs. PBDEs 8%, PCDD/F %52 (1 4= 4
EY, f8AS KB EROD, GST T E (57,
(EC B8 5 22 (] T BB A7 AR AR k5 28 77 it i v K
G R ARIMIR IR, R AR
p- YL (TCDD) X} EROD f{/5 54 il vl #% PCBs
firamd] D8, SRIDHAR 4§ 147 & B PCBs Xt K BUH
GST B TEAMRIERN ; skM5s 1 &3 PCBs IR
FEFXT/NE PASOTAL WG PEA S ER, A i
TAMEIER : 5 POPs IRA W AL G 1 75 S
YEFI T RE M FAHEHRIE AR /N . T, SLERBm
il V5 FH o AW 5% W %% 2 I 7 i PCBs. PBDEs fil
PCDD/F WIR 4 W) 28 28 K5 SD K fl P4501A1,
GST T (Bt KB GST B B8 k) , {HoR & B
HER, 5 EiRE SR RS R—3

AHIFE XL R POPs TRA W5 R ) kS 5
HEET TR AESE, RIGHI & POPs IR &) vl 75 5
KEUF P4501AT1 Fhim, HEMER B LIS I, #EE
KB GST W& M TH s ML 2T &R . 20 40 5k
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