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Protective effect of vitamin E on benzo(a)pyrene (B[ a|P)-induced liver toxicity in male Sprague Dawley rats
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[Abstract] Objective To investigate the protective effects of vitamin E (VE) on benzo(a) pyrene (B[ a|P)-induced liver
toxicity in male Sprague Dawley (SD) rats and to discuss the potential mechanisms involved. Methods Sixty male SD rats were
randomly divided into 6 groups, namely, the blank control group, vehicle control group, B[ a]P group (5 mg/kg), VE (10
mg/kg) + Bla]P (5 mg/kg) group, VE (50 mg/kg) + Bla|P (5 mg/kg) group and VE (100 mg/kg) + Bla]P (5 mg/kg)
group, with each group having 10 rats. The rats were treated with B[ a |P and/or VE once a day for 30 days via intragastric
administration, and then the levels of alanine aminotransferase ( ALT), aspertate aminotransferase ( AST), superoxide
dismutase (SOD), glutathione peroxidase (GSH-Px), 8-hydroxy-2-deoxyguanosine (8-OHdG), malondialdehyde (MDA) and
tumor necrosis factor-a (TNF-o) were determined. The morphological changes of liver tissue were observed by H-E staining.
Results Compared with the blank control group, the liver tissues in the B[ a]P group were injured, the activities of serum
AST, ALT, and the levels of MDA, 8-OHdG and TNF-« in B[ a]P group were increased significantly (P<C0. 05); however,
the activities of SOD and GSH-Px were significantly decreased (P<C0. 05). Importantly, rats in VE treatment groups had
attenuated injury to liver tissues to different extents, decreased aminotransferase levels and greatly improved oxidative and DNA
injury indicators. And with the increase of VE dose, the protective effect was more potent. Conclusion VE has a protective
effect against the B[ a |P-induced liver toxicity in male SD rats,

[Key words ] benzo(a)pyrene; vitamin E; liver toxicity; protective effect
[ Acad J Sec Mil Med Univ, 2016, 37(6): 780-784 ]

(i HEA] 2015-12-08 [(#ZAHP]  2016-03-20

[BE€mB] EFHARFH-R4(81372957). Supported by National Natural Science Foundation of China (81372957).
[EEE ] K5 Wi+, E-mail: 834524271@qq. com

* W {EVEF (Corresponding author). Tel: 023-68485008, E-mail: tubaijie@163. com



5 6 1. BRI S iR E SEHURTFLa JREXTHEPEIC BT I 254

« 781 -

A F 1 (benzol a|pyrene, B a |P) J& | 2 fF1E
THWEAMTS T —RKZHITRELEY. BF
T 1 SO 1 BUR PE R 2 B PE . BlalP i ad
BB TH A WP T8 S A AR E A TER N 22
b ARG — B 0 28 16 AL S NS AR A BUE )
7,8 & -9, 10-FF EH A I [ a] ¥ (benzo[ a]
pyrene diolepoxide, BPDE) ., Zh ¥ & £ 3 75 & ¢
T35 AT L g O E R A T BLalP e AR N T
i Rl m] 7 A R R B o B i AR O T
AR 7 o AR A I T O U 45 Y AL
iz —., 4i4 K E(vitamin E, VE) & AMK N & F
AR PEDUAAAL R L BB 55 Al B 455 & A 4t
TR A A R 1 T 3 W 52 5 Rl PR A 9T
KB VE A R4 19 & BFAE . VE 72 il 1 1 A
(reactive oxygen species, ROS) HIJg it i E AL W51
1) JF A5 00 v AL DG BV LR AP R Y S s e
WFoE R, VE ] 15 5t 505024 Bk i 8 /2 B 41
U AR 1 F s B4 17 O BE DD A R 1
Az T 80 M ke ot P R 3 B 50 . Soden S
fRIE T VE X sh P s B i ot A AL . (54
K VE X} BLa]P 51 ) JHF I 25 1 1 52 i 20065 A 4z
B, BT AR GE g Bla]P g Pk g
B R BB RL RS IR Bt AL 2 5 4 Bla]P 33
JH A8 43 19 A] BEMILTR LA S VE XF BLa | P iy SUH iE
BEPEAIAEGOIE T L O BLalP BFIE B2 1 A9 By 36 12 41t
ISR o

1 ##FTE

L1 sttt

L1L1 FEMNEARA  VEGEE 986,15 F 5[
Sigma 23 7)), BLa]P A5 dh (S EE 9926, 1 F 36 [
A AD)s NRA R F A B (alanine
aminotransferase, ALT) Il & i & . R & 2B % 2
fifi Caspertate aminotransferase, AST) il 5 2 71 & .
ALY I AL (superoxide dismutase, SOD) £l
B & A B K 4 W) B (glutathione
peroxidase, GSH-Px) ki | i 77 &. W — &
(malondialdehyde, MDA) £l i85 &5 . 8-3 i %A 2
F (8-hydroxy-2-deoxyguanosine, -OHdG) # ] iz,
&, M 3R B A T (tumor necrosis factor-as,

Sigma

TNE-o) Fi 27 65 3000 F Fe ot el AR ) TR 5%
JIr. IX53 BBk M WL O H A Bk
(Olympus) 7= &, ELX-808TU g b5 A Ky 26 [ 52 4%
(Thermo) 7= .

L12 Sz ka® BHEEERKELRIY
HU R 60 R SD A K B 3h 4 48 4 )
HES 2 SYXK () 2012-00017, 4 J& I, (4 Fi i 70~
100 g, KRECRHAE MR A RKIESE, B R
3 B AR FE 12 h/12 h G wE J& R B (25 &
D CUREEGOE10) Y%, &N MR 1R G H T3¢
B ¥ SD KEBEHL A 6 4.4l 10 R B 1K
HELHEE 30 do ARG <48 P IR CRAb
B AN BRZH (5 me/kg AP B YL Bla P
(5 mg/kg Bla]P), VE K #| & 41 (10 mg/kg
VE-+5 mg/kg B[ a|P).VE 5| &4 (50 mg/kg
VE+5 mg/kg Bl a]P).VE &7 &4 (100 mg/kg
VE+5 mg/kg BlalP). id34 H KRR E SRR
S AE IO . TR BRUTR I 5 5t 5 A o o ) L
HCHRERESS 25O .

1.2 Fpas HE & KUGEE 24 h 5. 4058k
BRI AR . BG4 HFIE L 8L F A Z R
T 5 48 h E K 7 W] 15 A A D)
WIRE 3 pm) . K JEIF G 28R L HE 4
o, 3R JE B NS TR SR B AR
1.3 desFd ALT.AST & Hegml 2 FHVES 2
K ECCHEM 10 mL, #HE 1 h JFIRE 2.0 (3 306 X g,
15 min) . B, 4 BRI 6 106 B B4R VR e K
BT ALT AST 35K E .

L4 KAMEF A BB A5 47 F2 S-OHIG K -F
TNF-o &2 692 IR RBCE P42, i
KM R — B0 40 0. 5 @, IAGE 2R BEER /K
TR, i 85 A 10 260 O i (AR RSB0 5 90 )5 AR v
HRES0 (1 102X g, 10 min) , IS F —20°C i
£, 1 F 0 & SOD, MDA, GSH-Px. 8OHdG #1
TNF-a B7K o W0 B 7 A 4 B0 5 10 B 15 45
Vi FB ARG 5 AR AR o il e 11 A5
AR .

1.5 %itsa SR SPSS 17. 0 88 it x5z
TR T T TR TR 2 s FOR L A TR
K F B 5 22 40 B CANOVAD , 1 1 B %5 R



o 782

WKW 2016 426 H .55 37 %

SNK #:., frge/KifE () 2k 0. 05,
2 & R

2.1 —fiEoL SRR AT A H R RIKE
KAESNER . gy BlalP RS ST ke
FCEO AR D K 22 BE | B 38 B 4% 5T o 49 4
BRI

2.2 FFREREER A% AbPREEHRS ALK R
JHF IO U 28 22 850 25 U HR AL Ry (3. 11420, 76) %0 A
XFHRZ (3. 15£0. 43) %0 Bl Bl a P 4 (4. 54 £
0.67) % VE K54 (4. 51+0. 40) %, VE H 57|
A (3. 20£0. 62)%., VE 4 (3. 07 £
0.63) %0, 575 R BRLHL RV R % R AH EL L B 2y
Bla]P 41K U IENE 85 R B0 . 22 = B A 51t

- ko

B L(P<C0. 05) 5 55y Bla]P A L. VE %5
KRS VE F 5 A 50 IR 28 2 508 B
Tk, VE fomilmdl 558 mYe BlalP 4 ) VE
AR A, 22 F A G L (P<C0. 05),

2.3 HMEMARBEFEA HERE@LETA]
D3 238 F0T HRZH R B 40 A DA ke i ik g e 1) A
B3 bR AR S HE 1) L LA A &8 L v ke L R D 3
BT AT UL ] LAIB) s Bl g BLa P 2 K BUFFIE R S
0 AN AR ZE L /N FLBR AT L K 6 40 i
LT B KK i RERFE AR (B 1C) . VE 457
HHRR GG Bla]P AR, K% VE Fl &R
B FF2HZR R 45405 52 IO [ R B2 A 4 e, I A i R
ZEALIAR 200 B R e T A BRAE A B i) J5T 4% i
(B 1D~1F),

|’ LA
R L
_— n,f ™~ _’,,. N i

E1 HERBURZTHAXRFERESEL

A: Z8EIXIEAL B: HORIATIRALs C. 33 BLalP 41; D: VERAIRAL: E: VE hlitdls F. VE @4l VE. 44 % Es BlaJP: %56 [a]

1£. Original magnification: X400

2.4 i ASTALT Fhegnl 2 S5 x4
A 0T B2 AR b, B g Bla P 4K v
AST ALT {& P I 22 % B A e it 58 L (P<
0.05); 5y Bla P 414 L, VE |41 F1 VE
R R BT AST FEHEACEREAG, 25 HA %
TR L (P<0. 05) s fHE T H M Y Bla]P 41, VE
R A K BRUNTE ALT {EHKEREAR, 2 5 B A5
T2 L (P<<0.05), LK 1,

#x1 FHAKRMF AST,ALT K F
23/ (U« L1, n=10, z+s

205 AST ik ALT
25 T B2 142, 9119, 24 29,307, 12
TR X IR 2H 146. 4543, 45 34.49+7. 81
Ml BlalP 41 261. 36411, 822 65.29+19. 674
VE i) 4 254. 8545, 414 60. 67+6.86*4
VE s 4 245.50+6. 75+ ~A 54. 057412, 074

VE w4l

143.99+10. 734V

41.06£8. 474V

* P<C0. 05 525 X BRZL LA & P<C0. 05 5500 %) B 20 LU 425
A P<0. 05 i Bla]P A LL#; YP<0. 05 5 VE R & 4H Lk
8. AST: REAMREENM: ALT: WA AN; BlalP: %Jf[a]
it; VE: iR E

2.5 AFREZR L F MDA, 8-OHAG #= TNF-a 4%
% SOD,GSH-Px #& M a9 ml & 5 2% (4 %) B8 20
Vi 790 X BRAEAR LE L 5t 2 BLa P 20 K B ik 2H 41
MDA ¢ & F+ 7 (P<<0. 05), VE & % & 41 MDA
Frim 5 VEARHR &4 5l e BLalP 4 AH L 22 5+
WA B X (P<<0.05), By BlalP 41
SOD 1 GSH-Px {if P 5 25 [ L ¥ 0] % B 41 A1 L
PR M (P<<0. 05). B VE #| & 1935 I, SOD Fi
GSH-Px {& 1 FTF. W3k 2,

I8 2 AT UL, 5528 1 RV R0 B AH E o B
Bla]PZH 8-OHdG & Tt . VE &5 it 418-OHdG
i TR VE @74l Bla]P 41, VE K]
N 2E F A G R L (P<<0.05), 5 R4
AHEE B Bla P 4 A VE IR & 2H K BRI 4
21 TNF-o & HHFh R (P<<0. 05) ; 58l gt Bl a]P 41
L. VE i @4l TNF-o &8 R, 25 H g
iR X (P<<0.05),



5 6 1. BRI S iR E SEHURTFLa JREXTHEPEIC BT I 254

« 783

*2 PBFREZH4ZE MDA 8-OHdAG.TNF-o & £ K SOD.GSH-Px &1

n=10, *s
. MDA gi; SOD fﬁfﬁf GSH-Px @@ 8-OHdG gii TNF-q gii
(nmol » mg™!) (Uemg™H (UesmgH o/ (ng + mL™1) os/(pg+ mL™1)
23 0 R 1.1540. 77 312.10+9. 92 211. 06+11. 07 7.85+1.32 12.95+1.73
TEFIX HR2H 1. 04740. 83 317.14=+6. 21 208. 96+14. 85 7.94+0. 90 14, 49+2. 71
Ky BlalP 41 2.2740. 114 220. 92411, 1674 149. 76 £12, 88+~ 22,8444, 2174 33.1746.33*4
VE IG5 & 24 2.17+0. 764 239. 3244, 99* LA 157. 99422, 24* 4 19.31+1. 83 24 31.4247.59%4
VE i 4 2.16+0. 124 313. 74410, 66AV 170. 2119, 43* A4 15,9541, 437 LAV 15. 7544, 59AV
VE w5 4l 1. 2140. 234V 311. 02+7. 244V 208. 49+21. 564V 8.93+1. 90AY 14. 78+5. 80AY

MDA 4 —f#; SOD. HE LW biiG; GSH-Px. 20t H Bt E ki ; 8-OHAG: 8- ¥ i B4 ; TNF-o: BEIRIEHE F o; BlalP: 3

[alef; VE: iR E. * P<<0.05 525 A ML LA & P<<0. 05 5

R gL

RIS &

WFFEAN BlalP i A ARG o 76 1 40 i SOk {4
H A 2 PASO PFE AT AL LA BUE Y 45
i DNA, J5 8l 805 /3588 1 72 5 1 BLa]P AR 7
Hh A DR R v ) AR S R A S U B 7
AT A TS | R ALK ) A B, VE &
— i WL ABT AR . BEAE Hh KRR o it S Ak =X
IR NIIb AL ) =R AR SR A

NG S AUNE AR 0T e R A U | 2 R B
MR AR . AWFIE LS R BoR, B Bla P 41K
SRR R B3 I BEE VE 575 /934 m . K BUF
JIENERS R BOE A fa i FIE# EH. A4 2i4 HE
Pt f5, 6HE NS & B Y BLa P 41K BT IE
A S 458 475 T4 L 2% 25 L JFF /N S BRAS 3 T 24 i
LE B K i SCBR AR AR L W] BLa P HoA FE
B, HE VE FI& 5. JF 20040 2 3R
) 2 B A 4 L 3R VE X BLa P 453473 A9 AP I 2 21
MMA R ER.

KB o ASTALT 136 2 & 4 40 15
M EESEIR . TEAAT IS B gt Bla P 20 KRl
i AST ALT JEH:38 0. 3278 Bla P Y35 il UK R
JHERER A5 . 1 VE #5541 ASL.ALT {GPE 4
TR, F W — 2R R R VE A[H5HiBLa |PHT = 111
PR AT

BRAERF T4 RNy BLa]P 75 S 4i M g8 T 5i
AL NS A  YHLA  A Y B S
Bl TR BE L T BR B R R R S 2 4 SOD,
GSH-Px WTEPEREAR AUATE B B i BL 68T T R
TR A R ELE R Y R HER MDA S8 T ik 416

IS AR UL A P<<0. 05 15§t Bla P 4 ugL; YP<<0. 05 5 VEAIK

B, e R BWUA R A B8 Tt A B
ARBFFEEE R R B e BLa]P 41K SUITFIE 414
MDA & J+ 5 . i SOD Hl GSH-Px 1% ¥ [ A% . 42
K BN R A T Ak 3 5 80 A pe st
IRFFEA R — 3, M5y BlalP AAH I, VE
FH 4 SOD.GSH-Px 3% ¥ E 7+ . MDA & & [#
I, FWMAPUALT] VE AHLS  HUATEBR & A H
SR RE P2, PUR AL RE AR, LW VE WS4t
Bla]Pr 35 i 41 21 5 Ak Bt 15, 3X 5 BE 11 WF 58 45
SRR 5

8-OHAG EHUATE AR RS T A i K
PR E R B DNA B 22—, i E HL
& 8-OHAG & 5 74k DNA A6 451475 70 48 A 1y
MR, Luczaj %9 R NELL L] ROS 1 in 15T
LB S 240 B R Y mtDNA fifi 2 S Tk 26 3K 11
8-OHdG % . AWFFRAA TR, 5XF AL i, 5
MY BlalP 41 8-OHAG & &7t/ , VE &7l & 4l
8-OHAG & & F [, Hirh VE mHl 8415 BlalP 4
K VEARRI A 25 BA G B KRG T
Fid R VE BEdE BLalP i U DNA AL
13 85 6 A AL DA b L 2 — 2P IESE VE A WS BRI
IELHZR YR B s R LR b B s i e g . 1
P TNF-o F2 5002 i P 4 2235 30 20 B 7= 2, AR B 5T
LR BNk e Bla]P 4180 VE (K5 4] TNF-«
FaFtm, i VE d @Rl 4 TNF-o 58 TR X
B3 L AT T A R At o VR R AT TR
T SRR I3 I TNF-o 2 1 TH s (0 25 5 — 3,

L5 LR AW — IR T Bla]P B
FETEE - BERE IR P 4 20 A 258 LML A P 4a 1k
G0, 8 AL 2 S AL 43 5 T3 1Y) VE BE X



o 784

WKW 2016 426 H .55 37 %

Bla]P B i RS 0547 — %€ RO 38 HTAE EAL A
A RE S 1R mHT R AR S ST A L ARG B Ak
PR DTN DNA S 0554 5%

[Z % 3 #k]

L1 BRI a-F, e 8B 23005 R i IR 55 1 S L gt
e Sy EAELT . BRI BR 2, 2005, 22 154-155, 183,

(2] BRIL. £ FR.9hEOR. RIREE A4 3 E XTEbE /N R
Pz 0 60 R AP R LT ). Bk R 2 2% 3 2007,
36:142-144.

(3] ZEibfd VR BRI, £ M. 0BRGN &
Her R EIRIT HUE R 2 B BURF 05 I R 23 17 LT 1. AT
IE,2009,14 :223-224.

(4] WM BRUfh. B4R E 518 M a7 L. T
W, 2007,12.508-509.

(5] MOk AL B AED. QAR E 78K BB hLFF
AR R EILT L. P E 259 5K 2007, 7. 115-
118.

(6] skibA.E @& A% E.4 &8 F&W
SIEXE /N BT A0 ) S A O 4R AE R E BT AR
RO HBe S fdRE 2, 2014, 31:131-134.

[7] SODEN ] S, DEVEREAUX M W, HAAS ] E,
GUMPRICHT E, DAHL R, GRALLA J, et al
Subcuraneous vitamin E ameliorates liver in an in vivo
model of steatohepatitis[ J]. Hepatology, 2007, 46
485-495.

(8] ZRWEe. A H 4. &30 R M =5 BRIF I, AT
CaleExd /s BUI 4N i DNA 45345010, pE A 3L T4,
2005,21:79-80.

(9] BREESFALERIT AKRBOCTE. A MRS 4E4 R
E X537 A L i B 2138 MUAE ST B 40 3 i pR4r /R LT . R
HEEEZG,2014,42.602-604.

[10] WANNHOFF A, BOLCK B, KUBLER A C, BLOCH
W, REUTHER T. Oxidative and nitrosative stress

and apoptosis in oral mucosa cells after ex wivo
exposure to lead and benzo[ a|pyrene[ J|. Toxicol In
Vitro, 2013, 27. 915-921.

(1] B .o #.BoRkE. 2 il BG: %, R =, 55
AIFLal e R LV AN S ATP B Y520
L. e g5 g 1A O A4 5 2013, 31: 500-503.

[12] BRIEDE J J, GODSCHALK R W, EMANS M T, DE
KOK T M., VAN AGEN E, VAN MAANEN J, et al.
In vitro and in vivo studies on oxygen free radical and
DNA adduct formation in rat lung and liver during
benzo[ a ]pyrene metabolism[ J ]. Free Radic Res, 2004,
38: 995-1002.

(18] WAESAMR. AT B3, WA XU Ibe i . kL, ) 0, 4.
HTELa BERT /IS BRI UE b Py — 1 e 41 Ul
AISZIRLT ] h E He R B o A . 2010, 20: 41-44,

[14] CHARALABOPOULOS K, KARKABOUNAS S,
CHARALABOPOULOS A K. PAPALIMNEOU V,
LOACHIM E., GIANNAKOPOULOS X. Inhibition of
benzo (a) pyrene-induced carcinogenesis by vitamin C
alone and by vitamin C/vitamin E and selenium/
glutathione[ J]. Biol Trace Elem Res, 2003, 93: 201-
212.

[15] ZHU W, CROMIE M M, CAI Q, LV T F, SINGH
K, GAO W. Curcumin and vitamin E protect against
adverse effects of benzo[ a ] pyrene in lung epithelial
cells[JJ. PLoS One, 2014, 9. €92992.

[16] LUCZAJ] W, SKRZYDLEWSKA E. DNA damage
caused by lipid peroxidation products[J]. Cell Mol Biol
Lett, 2003, 8: 391-413.

[17] L1 J D, PENG Y, PENG X Y, L1 Q L, LI Q
Suppression of nuclear factor-«B activity in Kupffer
cells protects rat liver graft from ischemia-reperfusion
injury[J]. Transplant Proc, 2010, 42: 1582-1586.

[(AXHE] T+ X





