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ME:BR WE 28 d R R /N RS B 0 AR IA AR, SR BURAE YR B Y . A iE R 4 ~ 5 SR A O R
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Identification of serum biomarkers change in benzene—exposed mice for 28 days

ZHANG Zhimin , LI Peimao ,LIN Dafeng, ZHANG Wen ,YANG Xiangli, LIN Xiaohong, WANG Dianpeng( Shenzhen Hospital
for Occupational Disease Prevention and Treatment , Shenzhen , Guangdong 518020, China )

Abstract : Objective To explore the changes of serum protein expression and its sensitive biomarkers in benzene —exposed
mice for 28 days. Methods Totally 40 male SPF-grade Kunming mice aged 4 to 5 weeks were randomly divided into
benzene poisoning group (n = 30)and control group (n = 10). Mice in benzene poisoning group were given benzene (150
mg/kg )by subcutaneous injection once a day,5 days a week,for 4 weeks. Mice in control group were given corn oil with
the same way. During the exposure period,the appearance, mentality, diet and weight changes of mice were recorded. At
the end of the experiment, blood was collected for routine blood test and examination of serum biochemical liver function
indicators , al —antitrypsin (a1l =AT ) , apolipoprotein A1 ( APOA1 )and complement C3(C3). Mouse liver organ was taken and
weight. The coefficient of liver organs was calculated,and HE staining was done for pathological examination. Results
Compared with the control group,the mice in the benzene poisoning group showed no obvious abnormalities in their fur
appearance , mentality , and diet during the experiment period. But 4 weeks after exposure,the weight of the mice in the
benzene poisoning group was lower than that of the control group,and the difference was statistically significant (P <
0.05). The blood test results showed that the white blood cell count,red blood cell count,hemoglobin amount and platelet
count of mice in the benzene poisoning group were significantly lower than those of mice in the control group,and the

difference was statistically significant (P < 0.05). There was no significant difference in total protein, albumin, globulin,
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total  bilirubin, direct  bilirubin , indirect

bilirubin, alanine  aminotransferase , aspartate

aminotransferase and  alkaline

phosphatase between mice in benzene poisoning group and in control group(P > 0.05). Liver histopathological examination

showed that mice in both two groups had somewhat hepatocyte glycogen accumulation. The levels of APOA1 of mice in the

benzene poisoning group were higher than those of mice in the control group (P < 0.05). Conclusions Subcutaneous

injection is simple and feasible method to induce benzene —poisoning model in mice. In benzene poisoning mice, APOAI

protein expression was up—regulated ,and APOA1 may be a potential sensitive biomarker of benzene poisoning.

Keywords : benzene poisoning ; mouse ; APOA1 ; sensitive biomarker ; liver

# (benzene ) J& A7 il 7 i 28 4 2L A% BT 4 B9 — Rb
I RRACE Y, o Tl A rp R R AL TSR T
M TR 2R A R Tl R DL R k2 S Y
Z 2 E BREAE AT LA (TARC )M AR IAZE N 1 26
BUBW© . BAREWNAIMT KL Z XK h s T2
5 RIS MR T, AR T SO AL AT R 5 4
B, o0 S B B e = SURRE SR O ROV B bR o R
AT T390 20 e i BB i AR A I A T, A R
W F B K AR (two—dimensional difference
gel electrophoresis , 2D-DIGE ) , 4 21| K o 2 F1 X} B8 2]
0 S B R IR RT3 O T Y 22 S R s s T I
S B AT B A T ] T (matrix—assisted laser
desorption/ionization time —of —flight mass spectrometry,
MALDI-TOF -MS ) X 22 5% 8 [ 5 i b A7 %5 52, #F 52
IR PER ol B0 & (1 (alpha—1 —antitrypsin, a1 -
AT) . #J5# H Al (apolipoprotein A1, APOA1) FINEN
C3(complement C3) 52K 8 B YIAH O, Rk, A<
WFFE DA F I A S 4 2R, A ARG RN, T
fig e /N UL ol -AT APOAT AMAC3 197254k,
00, PABY T 4R A8 E 2 rp i 0T A 1 3 A= A
W, IR FE A AT REAL R SR AT A SR K .
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1.1 ##
1.1.1 SCEezhy

JC4E E K JFAK (specific pathogen free , SPF ) 2% fi
JREMEPE R /N 40 L4 ~ 5 TR IR 18 ~ 22 ¢,
W BT AR B2 SR S s SERS S TS
IE 5 : NO.44007200056690, fifi F % 7] iE 5 : SYXK
(#.)2015-0068 . 40 H /N AR 37 F o4 A s R AR 4%
G, FWRYERRAE 23 ~ 25°C, WA XTI
45% ~ 65% , 4E+F 12 h B A9 HEE 2R, /)N BUAT Bl
BRI bR R AR
1.1.2 FERM S5

{8 1% 2% 4l 75 (Scharlab Chemie SA 2] ), 35 2%
R CBTRL T2 A ), BT 3 80 4% 2 3R VS W)

(P s AR TR ), G 0 (O N R R Rh i
BT, IRARE (BTRL T 2w, BE L0 (B R a4k
TIHRFL ), al —AT  APOAL  FMA C3 il 5B H 25 1
fff i 5 (enzyme linked immunosorbent assay , ELISA )
R 7 £ (Abcam 23w ), XE-5000 4= H 20 IfiL # 43> #r 1Y
Ji 2 i 11 0 S 3 50 (SYSMEX 23 7] ), AU5800 4> H 3
A Ak oy B AL %6 2E 0 e & i F) (BECKMAN
COULTER A #]), 4= AShE R (fA4R iMark bR
10, EEAF), 4 B sl Hr i (XE-5000, H 4
SYSMEX A wl ), 4 B 3 4 4k 4 #7 1L (AUS5800,
BECKMAN COULTER 72~ wl ), 4 H 3 i K #l
(ASP300S, LEICA 23wl ), A=W H A AL (EG1150,
LEICA A #)), ¥4V A AL (RM2235, LEICA A Al ),
M A AL (HII210,LEICA 28 ® ), H 3h 4 @& #l
(AUTOSTAINER -XL,LEICA A &) ), 4% W i 55
(BX43,0LYMPUS A+ ).
1.2 Fik
1.2.1  sh¥y s ik

(1) sh¥ordl &N 5T 1 a8/ R HL
A3 P L A G o vk N BRI AR e 4 (1 ~ 40
5o TR RIS R Y B A S R
A LS, RGBS SR R A, R LA
WFFE Az O O /N BREEA T e B o B KT E VR XS
HE 21 2 5 59 0 BAE A AL R YL B 58 b, i G
P IE S H N O R L5 S PR DG EIE T L ik
AR X B A 3 R ORI A T 5

(2) ZEYedE /MR B —4H (30 H,1~30 5 )
SR R I R EE TR, Rl T AR
150 mg( B 150 mg/kg ), AR 55 —41(10 1,
31 ~ 40 %5 ) iHId T ER A T SRR T R OKIA,
IR BRI AL, R VIR B S d, F52: 4
(PHLLRIREERAE ) o A o /s R s 3, JF kA 730
o MEE GUSEARYLE R /NI KB INE R K
ORI AL o S8 2 2 TR T RO B 9 B 16
P oA AL, A SRR AR T 3l S5
2 B2 R B FEE T R AT
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(3) PRARAE AR YL T 4 S5 RS, @ id )
B/ BUIR BRISCER M RE i o 23l T & ¥ DU 2 1R —
B (EDTA-K2) #it 56 57 Bl b B EP 4 FIJCHTEE R EP
EORAE 2 B MR . WOER M WRARAS S, T8 2 S
B8 AR BB/ B LA R A T A A ) BR U2 L R 0
1.2.2 I HAS I

RAEMAG 0.5 h AT XE-5000 4 [ 8l i)
O3 BT AR FEAT RS B, T SRS I 0T H AL - i 212
(hemoglobin, Hb) . ZL.40 /il (red blood cell, RBC) .
il ffd (white blood cell, WBC) ., Ifil. /N ( blood platelet
PLT).

1.2.3 Mg A AL FE AR 2

FAEM T, LA 3 000 r/min #5.0> 10 min, 550
PN 10 em, FHAE M . B IME S 1 h N
F1 AU5800 4= A shAEAL 7 X fr b AT K B, 5 204G
Wi HAa$E: B (total protein, TP), HEH
(albumin, ALB) . Bk & [ (globulin, GLB) | & IH £1. =
(total bilirubin, TBIL) . H 4% 0 1. 2 (direct bilirubin,
DBIL) . [8] 82 IH£T % (indirect bilirubin, IBIL) . % N %
2 fif (alanine aminotransferase, ALT) . 2 &% & fiff
(aspartate aminotransferase , AST ) | o Pk BE R R
(alkaline phosphatase, ALP ).

1.2.4  JHFJ0E 2 B8R0 JHF T g 2 2 4G A

FH UK A B3R 7K Wk 25 I 2 T B 0L, U AR T K
43 P IR WL I 79 M 0, Bk S o, 53 T
Jot i (W 1 )RR 5T £ 22 1) 1Y) Bb 560 R JHFIE &R . i
EZE (%)= IFIE B & (g)//NRARBTE (g) Ix
100% o K FR E 56 1) 45 /) B 181 7€ T Jo 12t 70 48 4%
ZRWEEEW D, RACGEY] B, A a3,
HE Je (0, d5cJo AT 08 UL ¢ JH I 20 2 465 ) K 44
B
1.2.5  ZR P ag ML 4 A6

JCPUHEH 4 M A A 22 B0 ALEL 3 000 r/min
L 10 min (042K 10 em) Ji , WAE LT | 1075 fF
FAAE-80 ARG IR VIR 7 FH o ol T TRAREEK e 92 A B S0
#E (enzyme—linked immune sorbent assay, ELISA )7k i#F
FEAG , =BG H AL : a1 -AT . APOAT AMAC3
1.2.6  GEifsrorbr

IS 1 SPSS 16.0 B X i BEAT GE 12 70 BT
XF i BEORHHEAT IE S PR B0, 1E 2540 A1 B0 fLIE S
Oy AT IR £ ARAEZE (2 = 5) TR, AL A
KFIMSTREAS ¢ K555 . LA P < 0.05 227 A5t

2 R
2.1 DR —AEE L

WS /N R 18 ~ 22 g, 0 1 Al By i&
NP, BYLEEIFIATT AR T 33 ~ 38 o, 4]
AN T B 22 S R (P > 0.05) . fESCER
HTA], A% i 2 0 B A /N RO R B0 H B B
ANEVRE CHEIR FIE S AL KPR ALA 2 6
INERAT RIS 3 RANES 6 K FiES L et
Judg 4 e, R EE g/ R &L T XA, 22
SAFITH#EL(P<0.05), WHE1,
2.2 R A o fm et 2

YeRE 4 SR GERE 45 20N B4 I A e A ) 2%
W% 2, R Edl/N B A ik 2ngn it 5
I 21 26 11 5 S v 5 R I /N AR 3 50 AH Ll X R 2 35 B
WAL, ZREGITFEX(P<0.05),
2.3 R AEAIR AR

e 4 FE, R Rda/ R BED CAEA .
BRE M CRHLL R HEMHa R gL R AN
Tt A A A A TR R I T IR bR, 2=
S LG FEX(P>0.05), W3,

R 1 R 5N IE 4 Yy 7 B B Be AR (x £5,8)

ZH 5 %L YU R AT PE R WV SN Yedi 2 FAJa ks ey 3 B S AR R YedE 4 5 R
AR EEd 28 35.56 + 1.58 40.56 + 2.43 42.69 + 2.44 4438 + 2.66 45.50 +2.62
Xif HE 2 10 35.99 £ 1.26 40.71 + 1.67 44.12 +2.02 45.94 +2.31 47.69 + 2.37
i -0.78 -0.17 - 1.66 - 1.64 -2.32
P 0.44 0.86 0.11 0.11 0.03

F2 ARPEAEX A YT 4 )5 4 20 e 2 R

4151 111 P40 40 (x10°/1) AN (x10%/1) ML/ (g/L) I/ (< 10°7/1)
Frh R 28 431 %130 9.82 + 0.61 149.50 + 6.66 625.00 + 164.05
X HRLH 10 5.61 +1.28 11.17 £ 0.73 164.60 + 7.57 825.00 + 82.78
8 -2.70 -5.75 -5.94 -3.67
PAH 0.01 <0.01 <0.01 0.01
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Fz3 RS X R YR 4 )5 AL bR g R (x +5)

2151 111 %% BEA/(g/L) HEMA/(g/L) BREE 1/ (g/L) BARZLZE/(umol/L) BEAERLTZE/(wmol/L)
e 28 58.57 + 5.91 18.57 + 3.56 40.00 = 4.71 2.93 +0.86 1.11 £0.31
X HRZH 10 57.00 + 8.23 16.00 + 5.16 41.00 = 7.38 2.90 + 0.99 1.20 + 0.42
L 0.65 1.74 -0.49 0.09 -0.73
P 0.52 0.09 0.63 0.93 0.47

21 5] fi1%k AL 2/ (pmol/L) A INFE &/ (U/L) A5 B A i (U/L) T PE R I/ (U/L)
HhEEY 28 1.82 £0.72 40.00 + 15.63 76.79 = 31.51 102.86 + 27.74
X B2 10 1.80 £ 0.79 50.00 + 12.47 76.00 + 25.47 111.00 = 17.29
fH 0.08 -1.82 0.07 -0.92
P 0.94 0.08 0.94 0.39

2.4 FFIE R E AT IR R F oS

WYL 4 W )E, BUNRUFIEARE , SRS R
B KRR IE R BN (4.64 + 0.36)% , /N T4
BB (4.93 + 0.64)%,HERF LG IT2%2E XL
(t = -1.38,P>0.05) . RHE L4 /N BRUFIE 25 %
DLUA SR S H, JOOK B FE I 2545 B SO L FIE
2] 25 P 24 R A R L 28 ) BN BRUOBFIE AT 21
5] 3 AN [ 2 B2 T A B b D &5 R, Hop 1 9 £ Bt 2
JE FF AN g 5 AR M, Ho 4y 7 R LS w28 Ak, 10 4]
Xof HE 2 /0 U 2 290 B 2 4G 5 44 A S TR) R BE I
2 B D A R, L 1 ) AT D sk T A R
2.5 D RiEE Gk

P 4 JJE /N RN 8 P45 R LR 4. 5 X R
HA L, Eh A/ DR APOAL THE , Z A 51T
FEX(P<0.05), AHEd/N ol -AT S5#MAE
C3 45 R Em TR, HEF LGB (P>
0.05).

F 4 KPS0 B YR 4 FE S O i A 4 R

(x =5, e/L)
25| kA APOA1 al-AT #MA €3
A 28 21.55 +4.38 7.31 +0.83 1.28 +0.17
XJ R ZH 10 16.63 + 3.20 7.28 + 0.49 1.19 £ 0.16
t1H 3.24 0.11 1.52
P{H <0.01 0.92 0.14
3 3Tig

TR Ty ¥ R AR RS S B R R I A 2 it
F MR FR ST, 38 8 4 M 2120 i it /) Al 55 K
A R G R A R AL M RES . AR TR
HhREHLI = AR S8 e iE AL, B = A A rh 2 1 0
Ay AR bR o RN R T 52 B R Y p T 2
VFZ R TAERBEIR AT, A WF 5 5 X 3k il 31
/NI VAN A NG 75 S A K7 R N B s 2
WFFEFT R T2

R YL S B AR R R Z2 (8 /N B H R
HEE AR N A N T . TR
W A s B A o Bl g A &, JF AT
B TSR R A, AR ST BE % . R
150 mg/kg AR ZEEE R EA AR . 55—, DA mg/m?
KA, IEE B RN 1 B EAE, FE T
QNG N (I SN S A 1 O | AN 8 R
AT 150 mg/kg WK 2 56 R F i W B R R S 5
B RN 72T 150 mg/kg & (K] C3H/He /)
B W28 1) 00 2 T I VR RS o R B A A I R
SSHEMNERP R, LIS M REEREL . FRATATIN
WAL AT o, EEF/NELL 150 mg/kg 977
FREE TR 4 R G, nl AR R B 0 MR . AR
WEFEh, FRATKE R 52 B R 1 4 2 BB AN B
4 JE, H ML A A R B R T AR R /N B AT
A Rea YOV AS K UREA R AN AN R i R TR 3
F X HR/NEL(P < 0.05), 145 R R AEFR AT/ B
PR R R FE A S T W R R . AR S5
N F 4 I 2 FR AR VE 2 Bk 3 7, SRR b i
ARSI . 2 B S AR A A R R 225K
g rh, FATTHE I A D S ) BRARCAR -

AHE TR 45 R o, T8 G 0 1)/ B — 1 1
RA4F, Rl 2 0/ BU7E R F 3 & v gt
T2, M5 8 e g B P B R Y A A A
Sk 2 ofil 2o VR T B A I D BUR TR A 25 R BOR
WA A /N B S5 1 9 AN TR R B 34 n, B 75 4 ]
g, R R /N BRUA T AR T X R (P < 0.05),
FIZR B AT g N B T LR R AT 8 5 R
AR 58 A G, FARBLE A R N — 25,

JIE £ 22 BB 08 S5 WAL= 4 6] JUE 25 (4 52 Wi, E 7 7
WFFE AT S 2 S AR KGR AR AR M
i Z RO R R R T 2 48 A B K b B FE 0 5 E AR
FELAR /IS R 0 A 25 4wl H AR A TPk ek s AR
FERI, RYLEE 4 S5 IR 2R 8501 R & A= B B ek
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AR o BATTE— A 3 o PG A R A T K SR AR, R
2 S5 2 4 H B A R A B R L T e
AR AN /0N SO 200 6 0 A 1 T A I IR BE g A
PRI B8] B0 g 7 R B TR B, AN HE BR T 5 6 7 1 T
P TR B 22 A A S, AR R B AL IR A 28U R
KA 2 ARk, TP ALB . GLB J Bt AT & B BE
TBIL . DBIL  IBIL == % Jz B Ji ok A 35 2% 5% 32 Dy fg
ALT | AST 3= 48 5 e JH- 440 Jfd 433 495 B )™ 85 7% BE , ALP Jt
R R R IR AR S VR AL /D BUAE b 4 SR U B 2R v
B 20T S 50 44 M A A2 B0 B S IR o T B A A
L5 S/NERAER R PR ARAT P UL DR P R
LU 0 R T U 3 A5 A5

APOA1 J& A I3 5 %5 FERE 85 11 Chigh—density
lipoprotein , HDL ) (1Y) % 22 ik, 2 i HDL ¥Uk: 2 5 2
& 70%° . APOAL J& THARE 1 A1/A4/E K
W, FEIFEF/N R A . ERE R RO, AT
W5 22 4% 19 R[] e A 6 26 2R 5 3 0 U I, 54
Sk BR - AE [ EE R L AL RS B (lecithin —cholesterol
acyltransferase , LCAT) 1) %ff Bl PRI -5 JIH & i 5% 4k
AR [ RERR R BB T B R BT A AL T RE
Wil 5 B ST R, 208 B 1 5 AR Y A R M A g
T BEAH S P Bl Bk B A . G AF T B, R B e 41
2l APOAT 1Y 32 15 F 55 6 i Jgg i85 1% APOAT 7K
TR EAR BB R R IR IR I R GE
Pl Z —12), APOAL (A3 Jin Al figJ& —Fh iy T2 MR
g 5 G SR 03 T O AR AP AL o AR
WF5E H A2 M AR e /N BT APOAL FHi, S5 i
WrerE R R E P AL R -8 W
U, B AT RE S T AR 1 R rp B I SRR AE W bR AR

ol —AT FIAMAE C3 FEAEFMEH A . al -AT
TERAE 1 R R HLAG Z RGP 41 4 20 i O 4 DL %
G 32 A 75 1 g Hh b 20 B R R R R . R
AMEMEHE (acute phase proteins, APPs) (1) BH M i
B, IMTE o — AT ¥R AT Wi b7 48 AE sk 2 240 493 5 il 38
XN B B8 Xk X 9 E RO i 2% 26 9, AT
PG PR 0 S e FR BE . #MA C3 4R —Fh 9 0E 43
T, FE MG AMA C3 K F 5 2 Bl g E B 0 1 9 B
A, AR R ER, EKPEAT50E ol -
AT FAMA C3 I, (HAIXGTREZHAH Fb 25 SR i,
XA RES ol —AT FIAMA C3 78 95 Sy 01 Tt
ENIRTEEE N

25 B RT R, 2R YL w0 BB Y (1% 4 57 Jy vk R R mT

11, A By iy A P, T T 2K o 8 19 & 9% ML
WESY S — B A R AR T A 2 A bR i W )
PR A . R EE/ N R APOAL R 13K
kB, F APOAL 7ERH Bl B P T RE L 44
FVEAT, APOAT AT BB 2 T 8 1 78 vh 25 5 A I3 A= 4
B, AT A I S 5 R rh B 1 B ) 36 T RN T 7 4
HEAR A

YEERR A SCTCSE bR EOs A (1 5 i €
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