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Hepatotoxicity and BMDL derivation in rats under combined exposure to eight kinds of
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Abstract: Objective To investigate the hepatotoxicity induced by the combined exposure of eight types of PAHs
(PAH8) in rats, the lower limit of the 95% confidence interval of benchmark dose (BMDL) of PAHS8-induced
hepatotoxicity was determined using the benchmark dose (BMD) method. Methods Male SD rats were randomly divided into
five groups (10 rats in each group) and were exposed to PAH8 at doses of 0, 10, 50, 250, and 1 000 pg/kg:BW,
respectively. Rats were sacrificed after 30 d, and organ coefficients were calculated. Liver pathological examination and oil-
red O staining were performed. Serum alanine aminotransferase, aspartate aminotransferase, malondialdehyde, glutathione
peroxidase (GSH-Px) , triglyceride (TG) , total cholesterol (TC) levels, and liver TG and TC levels were measured.
Hepatotoxicity data with statistical significance, toxicological significance, and dose-effect trend were selected. BMD analysis
was performed using the BMDS 3. 2 software. BMDL values of PAHS8-induced hepatotoxicity in rats were obtained by choosing

the optimal fitting model. Results  The liver coefficient of the 1 000 wg/kg* BW group was significantly higher than that in the
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control group (P<0.05). After PAH8 exposure, some rats showed pathological changes, such as cell edema, inflammatory

infiltration, and liver steatosis. Serum GSH-Px in the 10-250 pg/kg* BW group was significantly higher than that in the control

group (P<0.01) but significantly decreased in the 1 000 pg/kg* BW group (P<0.001). The TC content in the liver showed a

dose-dependent trend and increased significantly in the 1 000 wg/kg* BW group (P<0.001). No significant changes in other

indexes were observed compared with the control group (P>0.05). Liver TC content was used for BMD analysis, and the
BMDL and BMD of PAH8 based on the Hill model were 47.61 and 213.52 wg/kg:BW, respectively. The non-observed

adverse effect level and lowest observed adverse effect level of PAH8 were 250 and 1 000 pg/kg:BW, respectively.

Conclusion

Combined exposure to PAH8 caused abnormal lipid accumulation in the liver, and the BMDLvalue of liver

toxicity in PAH8 rats was 47. 61 pg/kg: BW, which was lower than the NOAEL/LOAEL.

Key words: Polycyclic aromatic hydrocarbons ; combination exposure; hepatotoxicity ; benchmark dose
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Figure 1 ~ Changes of body weight of rats during PAH8 exposure
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F 1 PAH8YLT: 30 dJa KEUE# &% (n=10,%)

Table 1  Organ coefficients of rats after PAH8 exposure for 30 d (n=10, %)
- . JUE 4%

PR (e B0 L G W i i D
0 0.30+0.02 2.82+0.39 0.17+0.01 0.40+0.03 0.74+0.03 0.80+0.09
10 0.31+0.02 2.88+0.28 0.18+0.02 0.42+0.06 0.76+0.09 0.79+0.08
50 0.31+0.03 2.83+0.25 0.17+0.02 0.39+0.03 0.72+0.05 0.79+0.07
250 0.30+0.03 2.85+0.22 0.17+0.02 0.38+0.06 0.73+0.05 0.79+0.08
1 000 0.30+0.03 3.01+0.28" 0.18+0.04 0.45+0.10 0.75+0.06 0.83+0.13

e+ R 5 X 4L L, P<0.05

A BEAL B2 10 pa/ke-BW;C:50 pe/kg- BW;D:250 pa/ke-BW3E: 1000 pa/ke BW;
a: R W25 s b R L AR 5 T A0 DA 181 407 5 d - 0 HE /K i
K2 PAHS B3 30 dJ5 K RUIFIEAL S HEE B (5. (x400)
Figure 2 H&E staining of rats livers after PAH8 exposure for 30 d (x400)

# 2 PAH8YLFE 30 d i [ B g A i AR
Table 2 Incidence of liver pathological alteration after PAHS8

exposure for 30 d

i/ (ne/kg  BW)

WEXE 0 10 50 250 1 000
K i 1/10 1/10 1/10 1/10 2/10
fig 195 72 P 1/10 2/10 2/10 3/10 4/10
7874 0 0 0 0 0

HRAE 1/10 1/10 1/10 2/10 4/10
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JE 7R 4 20 R BRI JUE v 349 o AN ) /2 B 9 21 €4 IR
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56 AT A L8R T TR T o AL b G B M 22
(P>0.05),
2.4 HEARAR AR A I 5
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REFE A5 ALT AST JC 1 35 Pk 242 | 4604k 1 A G 95
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0 T R4 (P<0.01), 1 000 pg/kg- BW 7 4 4
) GSH-Px 1% 77 &k 35 Ik T % 8 41 (P<0. 001) . MDA
SRR EWE., ME TG Al TC & & M IFIE TG
B IR YT B R . FRE TC = 2 BRI
RN, 5 X AL AR EE L 1000 pg/kg- BW 5 &
A FRE TC F & 8 3% T+ (P<0.001) .
2.5 BMDZ4rHr

HEAE 1. 2.5 B4 o 35 1) JR 0], A BF 5% op oK BRI
JIE TC & A8 4k A R R0 8 5, 5 0 4L A e,
1000 pg/kg-BW 41 FAE TC B E T M, 2% HA
it eE B L (P<0.001) , HJFFWE TC £ & 7w J2 I E
JE A8 Pk g e B, LA R B 2R S TR Ok B
TC & & iE4T BMD 2007, 45 R W3R 4. &SGR
PIEE PR T 0. 1,58 240G/ T 2, I &
FERUHE S 1% BMDL 22 5% K F 3 £, B e 8 45 /N i)
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8 il 22 P17 KR I 5 2 e BOR BT JUE 25 1 S BMD L Aff ' ——H #% , 55

—817—

AKX R ;B 10 pg/kg-BW;C:50 pe/kg- BW;D:250 pg/kg-BW;E: 1 000 pe/kg: BW 5 i Sk BT 7R A A i
3 PAHS YR 30 dJi K BUIFIE ML O e (5,
Figure 3 Oil-red O staining of rats liver after PAHS8 exposure for 30 d
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Figure 4  Area percentage of lipid droplets in livers with
oil-red O staining

BMDL il BMD 43514 47. 61 1 213. 52 pg/kg*BW.
2.6 NOAEL/LOAEL ¥

R4 R 3 a5 A, LUIFIE TC & A8 fb o Mg 4
&, 193 PAHS BR G 2 58 BOK BUFIEREPE Y NOAEL
J 250 pg/kg* BW,LOAEL 4y 1 000 pg/kg*BW .

3 i
T PAHs 2k ic £ H £ E LR AW B A 2
T AR X PAHs FF RS 7% 88 2 MERF 9T 2 K [

Prots # . BT 2011 4F 5k © K 4 Fh 2 3% 35 &
(PAHA)PE R FE bR a8 A T e 4 B s vfi ep 7
T BAT R 2 4 B AR U R s e ) B )
(GB 2762—2017) LKL E & fh h A 5 [a] BE 0 & 1 o
e AT UL 3R [ W & PAHSs ¥5 e 1Y £ 5 2 A bR i S
B PR AN FF AR 2 2 S 30™ i th 110 e 22 BRI, TR i
1 [E AT PAHs 5 2 85 RS ET R 2 A B 5% .
PRI, A BF 5% 4 R 4 i 3 6) PAHA (4 BIF 58 1,
HE— P9 T PAHS KA 2 88 19 K U IR 4% , OF
FIFH LR LS T PAHS RGBT S %
BI{E , ¥ & PAHs BEA 5 ME DRSS 0 T 508
TEARW 5, PAHS % 22 YL 5 30 d Ji7 K U
ZHCAE 1000 we/kege BW ZH b 35 140, 95 B 2 4%
7R ) a2 4R RN IOE 80— 5 R B 1 I AR
0 MK i /NS5 R A BB PAHS B A AR B T
Al o R — R Y R 0 o SR, AT RE B T
TR, R BESI R MV ALT AST 3% A8 .
GSH-Px J& & N — B 8 2 4 o 5010 ) 43 i g, DL A
FHOR AL e H KRS 5 38 AR RO, 3 bR B e
¥z A, BRI ER" . PAHs ZER AR
I Ak R R AR O R R, 51 A A RN AR RE R
N o AWK B, GSH-Px {if J11E 10~250 pg/kg: BW
0 PR B ) B AL T, BRI PAHS YRR T RESI T —

3 PAHS YL 30 d Ji K RUELFE R 7R (n=10)

Table 3 Alteration of serum biochemical indexes in rats after PAH8 exposure for 30 d (n=10)

Fl 4 /(ng/kg  BW)

e
1r 0 10 50 250 1000
ALT/(U/L) 9.95+1.85 12.43+3.34 11.66+3.52 10.53+2.88 11.63+3.09
AST/(U/L) 25.69+6.05 24.81+7.07 30.12+7.27 31.37+7.78 26.82+7.34
MDA/ (pmol/L) 4.29+0.79 3.89+0.48 3.93+0.61 3.84+0.64 3.81+0.52
GSH-Px/(U/mL) 649.73+9.97 681.11£3.90"" 663.03+4.92""" 661.75+3.517" 632.33+5.58""
1fiL3% TG/ (mmol/L) 1.2420.24 1.4420.34 1.79+0.38 1.3520.56 1.48+0.47
1fiL3% TC/(mmol/L) 1.52+0.17 1.640.54 1.42+0.27 1.70+0.42 1.74+0.32
JFRETG/ (umol/g) 13.63+2.39 12.53+0.94 12.79%2.65 13.92+1.71 14.51+4.94
FFETC/ (pmol/g) 6.50+1.35 6.93+0.83 7.70+1.56 8.13+1.25 10.61+3.08™"

S XA A H, P<0.05 5%+ 5 X BRZAUAH Eb L P<0.01 5%+ 5 X} BEAL A e, P<0.001



AR AR

—818—

CHINESE JOURNAL OF FOOD HYGIENE

2023 4E%f 35 4455 6 1

* 4 KRS PAHS Y375 K BUIFIE TC & &

Table 4 TC content in rat liver fitted by different models

By BMDL BMD AlC P

Exponential 2 367.06 493.75 189.81 0.29
Exponential 3 367.06 493.75 189.81 0.29
Exponential 4 88.62 232.53 190.14 0.35
Exponential 5 88.62 232.67 190.14 0.35
Hill 47.61 213.52 190.03 0.37
Polynomial Degree 4 301.67 430.87 189.31 0.35
Polynomial Degree 3 301.67 430.87 189.31 0.35
Polynomial Degree 2 301.69 430.87 189.31 0.35
Power 301.71 430.87 189.31 0.35
Linear 301.69 430.87 189.31 0.35

SE I 48 Ak R B, BILAA SR X T R OB 3 GSH-Px
R TH S, T 1 000 we/kg- BW A PAHS 4t 7 ]
T2 T GSH i B W FE B & MU &2, 80 GSH-

141

12r

—_
(=}
T

Px A U 55 (0 BAR DL T i — 20 W] . MDA
P N T e R B B ST B L R TR R e
SR 4L 20 040 . b Ah , PARS YL # e I A
TC &R AE 1000 wg/kg: BW 741 90 2 2 T+,
Ut B PAH % 8 0] B 5| A K BRURT IR 11 3 0 o 5% 8 &
. BEAEF ST R W, PAHS A 5| A AR WG 25, &
BTG TC & & Th i, 7= A AR RS M AR 105 T 4 3
FLHLHI T fe 55 B DY A I 32 AR O 8 9 B B AR A
O e R 5k AR Ak ) T U ) OO 2 R R GR
el ORBFSE IR & B PAHS Y35 LT TG . TC
B AR 0 WY OE Y i 5T A2 Ak T R B I i B O
SR, L AT BE R 52 B HF A 4140 Cln i I 2 20) g AR g
(5% ) , ELAR TR AT ReilE— iR

)
=
g s
3 V
S é/ —— BMD
5 or
B BMDL
4 -
2 =
0 1 1 1 1 1 1 1 i1 I 1
0 100 200 300 400 500 600 700 800 900 1 000
7l &/(ug/kg BW)

Bl 5 Hill B84 PAHS YL 55 5 K BUHFIE TC & &

9 50 A2 -0 6 A

Figure 5 Dose-effect relationship between liver TC and PAH8 exposure fitted by Hill model

e mATHSEEYREESH HMHEY
NOAEL/LOAEL ¥ B A 8 K /R ¥, 4 NOAEL/
LOAEL {H /& 5& T 5N ) 1 A5 21, i JE AR08 38 56 711 o
MY EFE 45 R HA BRI & k. X NOAEL/
LOAEL 1 & , BMD | I T 5 -2 W 06 &, X 51 4t -
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