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Abstract; Objective To preliminarily study the toxicity of combined exposure of low-dose of four polycyclic aromatic
hydrocarbons. Methods 8-week-old male SD rats were randomly divided into 5 groups with 10 rats each, and 0, 10, 50,
250 and 1 000 pg/kg + BW dose were continuously administered by gavage. Based on the actual exposure of four polycyclic
aromatic hydrocarbons in human body, the proportion of gavage dose was set as benzo [ a] pyrene : benzo [ a] anthracene
: chrysene : benzo [ b] fluoranthene =0.99 : 2.92 : 2.68 : 1.68. The rats were sacrificed 30 days after exposure.
Biological samples such as serum and organs were taken, organ coefficients were calculated, pathological sections of rat
liver were made, pathological changes were observed, and liver function related indexes, oxidative stress related indexes
and lipid metabolism related indexes were detected. Results Compared with the control group, the liver structure of the
rats in the exposure group was significantly abnormal, the hepatic sinuses were enlarged, and the hepatocytes showed
balloon-like change. The liver organ ratio was significantly increased in 1 000 pg/kg - BW group. After 30 d of exposure,
serum aspartate aminotransferase ( AST) increased significantly in 1 000 wg/kg + BW group ( P<0.05). Serum glutathione
peroxidase ( GSH-Px) in the exposure groups increased significantly at 30 d (P<0.05). After 30 d of exposure, in
1 000 wg/kg + BW group, serum high density lipoprotein cholesterol (HDL-C) decreased significantly and liver cholesterol
(TC) increased significantly (P<0.05). Serum triglyceride (TG) of rats in 250 pg/kg - BW increased significantly ( P<
0.05), and TG in liver of rats exposed to 50 pg/kg + BW or more increased significantly ( P<0.05). Conclusion Low

dose combined exposure to pah4 has adverse effects of liver injury, oxidative stress and lipid metabolism disorder in SD
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male rats.

Key words: Polycyclic aromatic hydrocarbons; combined exposure; low dose; toxicity
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([ Bio-Tek 23] ) AH R /K 5 #% (b1 22 2R AL AX
RN AR Al KA (2 Millipore N IRTETE
ACCH 26 9 5E vw 2 |l ) Ll A I A (5%
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SR A R A 52 AL VF el IE g% 5 SCXK (A1)
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M PAHA WE B W W, 4T N ¥ A B8 ( Alanine
aminotransferase, ALT) | & ¥ % & W ( Aspartate
aminotransferase, AST) . if & fk & [ ( Catalase,
CAT) T8 ¥ ( Malondialdehyde, MDA ) | AW H Bk
T E ALY B ( Glutathione peroxidase, GSH-Px) #%
Ak ) 5 Ak W ( Superoxide dismutase, SOD ) £ i 32 51|
& A E et d R A Y R B 5T 5 I [E B ( Total
cholesterol, TC) . H il =T ( Triglyceride, TG) B
JE R B A MH [ B¥ ( High  density
cholesterol, HDL-C ) . i % & g & A MH [& B ( Low
density lipoprotein cholesterol, LDL-C ) ¥ il 57 & W4
FIrp A U5 AR W BB B AT RS ]
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1.2.3  REAFHLUR D] M4
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1.2.4  IiTE AR A48 A B R AR DG 48 Fn A5 DU
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B30 15 min I 53256 25 008 A 3 590 6 A T ot
A=Ak #E % ( ALT AST . MDA . SOD . CAT . GSH-Px) &
ML A /Y 1fiL B8 A8 5€ 48 #5 ( TC . TG \HDL-C \LDL-C) ;
HEFHFRE 50 mg FFAEZH 2L, A 1.5 mL .04,
A 450 pL SRR, FHBFE SR ALK G T 4
HrE 48 h,BE)5 3 500 r/min .0 10 min J5 B I
V0, o8 AR R I B R Y TCORT TG R
1.3 Gtk
JIT A A o FH B e A o 25 (wes) o, (]
SPSS 25. 0 ¥ E4T ANOVA J5 2243 M7 K e 55 45 4
] (4 22 5, P<0. 05 FREZRHBAGITFE X,

2 HR
2.1 PAH4 XF K BUIE#F 2 500 52

PedE 30 d Jo K ERUA BT & ank 1 R, 5% 4l
AHEE, KB & 22 5 g% & L (P>0.05),
T PAHA X R R AR A AW P, KRS
k5 R ECa 2% 2 Pron A HE T X IR A1 000 we/kg-
BW ZH K BRI 9 I #8% 2R B 45 1 X6 BECZH W G T
(P<0.05) , oAt JIE 5 (4 E 2% 22 505 X R 2 AH 34 T
WEEER,

1 PAH4 Y35 30 d J5 %K BUABR &2 15 R

(xxs, n=10, g)

Table 1  Effect of PAH4 exposure for 30 d on body weight
in rats(x%s, n=10, g)
Ui 77 I [1]
BF
S/ (pg/kge BW -
(pg/kg-BW) 0d 304
0 237.40+12. 17 417.10+39.93
10 238.10+6. 54 424.40+36. 26
50 239.40+6. 35 427.40+37.78
250 239.40+7. 28 443.30+34.23
1 000 237.60+6.57 432.50+31. 31

2.2 KU IE 4 220 295 32 45 S

WE 1 FT7R % B A BB BT IO 0 e 5 ok 5 3
JRLT Y /N 1 5 4 6 A O 47 8 B T I 400 L R
I A% 09I AR A BT S 5 A0 A ) HE A AR R
D), 2% 0% 485 4 358 AT 5 T 52 U A S 35 19 Tk B Uit ot
PG A X LT A R M40 B %) 3= 1 40 A i o
WA SR, 45t 30 d B PAH4 % 22 4L
BEZ 5, Y g 4R B /0 ik v i Bk R LA 40
JEL AT AN [ 3 1 AR AR R i 7 A8 P IF R HES AN
R HF/NE TR 25 50 HL ) B3 K R IS5k
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2 PAH4 Y7 30 d XK RUBEZS R AR (v2s, n=10, %)

Table 2 Effect of PAH4 exposure for 30 days on organ coefficient in rats(x+s, n=10, %)

[
AL (ne/kg BW) & JiF i = 3
0 0.30+0.03 3.26+0.26 0.19+0.03 0.44+0.08 0.72+0.04 0.76x0.08
10 0.31+0.03 3.29+0. 44 0.18+0. 02 0.40+0. 07 0.73+0. 06 0.67+0. 17
50 0.31+0.02 3.39+0.31 0.18+0. 02 0.42+0.04 0.71x0.03 0.73+0. 13
250 0.29+0. 02 3.49+0.17 0. 18+0. 06 0.44+0.05 0.70+0. 05 0.67+0.09
1 000 0.31+0.03 3.57+0.32" 0.21+0.04 0.44+0.08 0.71x0. 04 0.72+0. 10

T BRI T R4 P<0. 05

ontrol
SRR AL K

: 50 pg/g-BW o
T« P R B R Sk A ] ORAE AR
Bl 1 PAH4 343 30 d J5 K EUFIED) A H&E B0
4524 (x400)
The liver sections of rats exposed to PAH4 for
30 d were stained with H&E (x400)

Figure 1

R DR 4 2S5
2.3 PAH4 XF K BUA: Ak 48 5 S B A3 AR OC 48 Bk 19
A
2.3.1  JHIne KA A N O DG 8 A AR 1k
JH T RE AR SCH6 bR 0y 28 b & 3 Jir s, PAH4 %
30 d J5, 5XFIE4IAH L, 1 000 we/kg- BW 4 K Bl
Mg AST I P i 3% F+ i (P<0.05) , MilfiLiE ALT
RA T S B2 5 L8 = E L (P>0.05),
AL A e e AR 2R 4 s, YL EE 30 d ),
50,2501 000 pg/kg-BW 7 it 41 K B ) GSH-Px i
P FF 4 i 3 8 = (P<0.001) , YL B 41 KB MDA &
wERA T 25 W EM (P>0.05), CAT
1 SOD % & ¥ 70 b E R

# 3 PAH4 Y3 30 d J5xd K BT A= AL AE BR AU SE I (x£5, n=10)

Table 3 Effects of PAH4 exposure for 30 d on serum biochemical indexes in rats (x+s, n=10)

S/ (ng/kgBW)

i 0 10 50 250 1 000
ALT/(U/L) 16. 89+2. 44 17.99+4.77 17.61£2.19 18.47+3. 35 17.90+2. 05
AST/(U/L) 75.08+11. 61 79.97+8. 49 76.53+6. 16 71.38+7.88 86.22+9.17"
MDA/ ( pmol/L) 4.05+0. 49 3.880.27 3.93+0. 27 4.19=+0.33 4.78=1.18
GSH-Px/(U/mL) 389. 54+4.37 391.38+6.29 435.08+20. 84 ™ 436.31£15.69 " 432.00£19.50 ™"
CAT/(U/mL) 0.74x0. 19 0. 90+0. 70 0.85+0.29 0.72+0. 40 0. 60£0. 51
SOD/(U/mL) 67.95+4. 18 71.89+4.98 68. 62+4.28 68.73+4. 89 67. 66+2. 38

T BB T A IRA P < 0.05; " RARAHK TR P<0.01; ™ R T X A P<0.001

2.3.2  PAH4 X} K EUBE G AH DG 38 b 14 5 i

MR 4 PR BT X A 282049 30 d ),
JerE 20 K BUMYE HDL-C & 8 A P T R, 2B i R
B, H 1000 pg/kg+BW 2H K BLIML W B HDL-C
AR B A B PE 22 5% (P<0.05) ; LT TG & bl
PeRE A n 2 E 250 we/kg - BW ALY Il
TG 3 L FH(P<0.05) ; FFAEREA H, TC Fl TG
SRBERER RN, TG & 8 M 50 pg/kg BW 4
FFUE A S TF 9 (P<0.01) , TC &8 7E 1 000 pg/kg-
BW AT b % Tk (P<0.01) , HoAl 5 45 28 A 3%
AGit %25,

3 itit
BBt W 5T 2 E E % A2 PAHs 15
YR R IK T 2 FE VAN, TR E BB e K 2R B AT O OB

T PAH4 ()7 35 52 8 5 4 24. 66 ng/kg- BW
EFSA # H LI & 8 1 % {8 ( Margin of exposure,
MOE) 77 , BNTH5 A 32800 W42 5 5 B PAHs
T R 1 1 LU AE R PPl 2 B XURS: | 388 O 2 & AR
1071 2 52 7K SF- B MOE {8 > 10 000 B+ fg Jé X e
A%, N MOE 9 10 000 ) 3 T PAH4 -2 2 82
HIF O AT RE A E RN M R A R RN
246.6 wg/kgBW #4250 pe/kg - BW 1E Ky th i 5]
i IS A R T Y B R A E A IR O
10.50.250 .1 000 pg/kg+BW 3| JE 47 i Lo B Y
B, Hor PAH4 L AR 48 [ 58 £ i 22 4 KU BEAS vh
O PR 5 e AR 25 A T 0 e B A R PG 1
FEARH B AT A T BE RS A b 4 B PAHs 193
WAENAKIF[al BRI [a] B g KT [b] KB =
0.99:2.92:2.68:1. 68, LI ULE 7 LU AL &= 19 PAH4
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F 4 PAH4 L3 30 d J5 XK BRARICHAE SC M2 A (x2s, n=10)
Table 4  Effect of PAH4 exposure for 30 d on Lipid metabolism related indexes in rats (xxs, n=10)
. S/ (pg/kg-BW)

Eisgap

0 10 50 250 1 000
JFIE TC/ ( wmol/g) 14.01+1.04 13.65+0. 58 13. 60+0. 69 14.61+0. 69 15.18+1.07 "
JFEIE TG/ ((mol/g) 21.80+3.07 24.60+3. 67 28.20+3.83 28.47+2. 44" 31.52£5.85"
I3 TC/ ( mmol/L) 3.54+0.26 3.61+0. 32 3.52+0. 25 3.76+0.26 3.59+0. 14
134 TG/ ( mmol/L) 2.62x0. 43 2.70£0. 52 3. 00+0. 60 3.18+0.43 " 3.09+0. 62
M.3% HDL-C/( mmol/L) 1.89+0. 43 1.75+0. 11 1.73£0. 05 1. 80£0. 09 1.66+0. 14"
I3 LDL-C/( mmol/L) 0.830. 12 0.98+0. 20 0.87+0. 13 0.90+0. 17 0.88+0. 14

T R T X AL P<0.05; 7 RAR A T XA P<0. 01; 7 IR AR TR R4 P<0. 001

B G 2 5 T R R B B B

H i T 2 38 95 k& B BF 55 K 22 o 7
PEFEMEIRIS, L0 350 mg/kg - BW HY i 1 5¢ 180 2 5%
100 mg/kg+ BW [13-H FLIHEORT BaP 2% 7= A JF 4t
#5120 mg/kg+BW [ BaP 7]k B LR i
A7 — S R Z IR ke Y B RO IF s 45 51, 0 32 2
EHTE BaP X —H—¥ it I, 41 100 pg/kg- BW 1Y
BaP A 5| 5 iE s Bl . FSE b, BaP FENE
BRI E H I AR e 1, I BN 52
B 2 8 ) e AN b 3 S0 50 i Y 3 50 L SR H
AT OC TR & 1) 2 Fh 2 3005 1R B A 22 58 1) 3 R AE
FHBIE S 0 AN 58 38 ARG 6 10 2 88 5 1R AL 9 i 45 4k
T LAt o B BH DR AR 5 0038 0 S 30 30 d Y £
T 22 B4 05 A R0 o K 5 2% 58 018 P i 1 4l ok X
UL AT R AR 5T

FIF[a] BEEEE — AN 90UE 52 oA 8Um M 2 36
i RS RS R R RIRANEZR ISR,
AT W FEUE 5 2 BT, 2R 01 [ a ] 26 0 T JUE A9 458 49 1
eI AETE Y, T FLR B B 0 R N O R
APEREVE RIS h R IRTE [a ] 06 YL 7 T S5 B0 g I
To RAE R F e RS R SR D Re s B,
Hb BB R AT [ a ] BE ] LA T IR AL Y 45 AL -
PrA RS, @ AR TR R T 68, B
TP BRI B 0T A5 A K o T, e G Ak ) G R
PERRAR , e & 5 BOPL A o Ak Bt 4 ML vl
e PAHs iF A fK W J5 A] {55 7 4% 22 /K ( Aromatic
hydrocarbon receptor, AhR ) i# % 7% 1k, M 1 [ 14
CYP450 fCIH B Ay 2235 , BE 5 A & /9 AC T 1k,
7 A R T R SRR L F PR SRR
A Ak R 8 — T AT S B0 A Y R 4 M 8 A0 0 2 2
B e P R b= i S e = Y e = 8 o o
TRANARL , AT 5 2 h Ik s FE A 4k 5 5 — D T, SR Ak
T YA B AR, 51 i fg 5w, 0 s bk 6 1k
AT B AR A B S B UE ST, K B fikk PAHSs
A5 3 0 N BT U i g 3 0 N I v e =
Fig K, F AR

AW 5T, M A T U R R AL, RO 7E 2

PAH4 #2: 447 30 d J5,1 000 pg/kg-BW £H i K K
HEE TR DE 2 R B T O ELRF R B
HE Y (o 0058 & 3 Y 35 41 R BUH 30T K ) 72 32 114 i
RILESH ANk BRI & 55K 2T 40 M
ABRAE AR S5 B A b, 5 UL IR BRI ) BE AR B
ALT A W & Ak (HPL F40 ALT 5 A E I+
# JfH AST ££ 1 000 wg/kg+BW 414 if 7F 5, AST
VU2 AR T A M SRR b, X SR B PAH4 F] AEE i
0495 JFF 40 4 ok A 9 AST 3 A1 1L TR R G v
WS 300 35 o AST 36 M TR 2 W )
PAH4 ¥ 2 YL 7538 B T — B W IF 35

PAH4 4¢3 30 d Ji, 7T L& B Y341 /Y GSH-Px
AHEE TR IR W3 T X AT Rt TR s T
KEARA 1 GSH-Px fCEPE T, LLHKAH PAHS 1Y
BEPEVE R (0 5 2200 2 J5 22 10 S 50 30 iE . At 4
1R R A5 BR SOD (CAT Fl MDA ¥ %A % % 7, X
AT BB Tk = AR AR AR L X AR 7R i Y PAHs 2
AU

IEAh , PAH4 Ye5E 30 d J5, Ye B4 K RS HDL-C
TEA N, 2R RN KR, H 1000 pg/kgBW
R B 1 HDL-C FEAE A B &2 7 (P<
0.05) ; L% 1 TG 7 it B 4« 2 7 & 3 fin 2 1 7+ 4
#,250 pe/kg - BW 4l W9 I TG WFE L
(P<0.05) ; JFHEREA B TC FI TG £ & Fifi Yo 75 7 &
B, TG % M 50 wg/kg - BW 41T 4 0 W 7 &
(P<0.01) ,TC & H7E 1 000 wg/kg-BW £H ATk i
FHEFHE (P<0.01)  HABFE AR B A Gt 222 5
HDL-C AJ DL AH [ e 2 B8 30 JFF I v gk A7 AR08, AT
AR A I Y e O I O R R, LA e Bl ook R A A Y
A, AT A WF 52 F B HDL-C FRAR 2 14 hncs M 45 9%
o DRV 10 o TR 0 L i A R 2 i R
P 1) B A 6 HLD-C FRAK L K2 TC TG 1
FrE R T AR K G &8P, PAH4 8T
TC A1 TG MRS AL, Ml L2 B, x5 L 42
I 5% 45 S — 2,

25 Bk, PAHA IR & 05 5 2% &% X SD ME MR
B A T — o R B 1 S AL 0 AR Ab 7 U8 B B A 3R
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