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# E.BH #MHeiF4gt £ DL A F G (vitamin D binding protein. VDBP) A F X S A W4 wrag i, FiE AW
He vk (ketoconazole, KTZ) . v9 &AL 8 (carbon tetrachloride, CCly) #= %} T Bt & 3k B (acetaminophen, APAP) f£ £ M K R+ #
B3 AT A AR LR BB RO K B OR 4R 91 J8) .3 000 r/min B ) &, A ELISA 0l € i VDBP
AF R A 8 3 AL AT E i P e A R R R L £ B (alanine aminotransferase, ALT) \ R 17 4 & B8 & Ik 4545 B (as-

partate aminotransferase, AST) ., 8 &% % B (alkaline phosphatase, ALP) | % 2 £2r & (total bilirubin, TBIL) , % 2 7 B (total

biliary acid, TBA) | A2 5% &5 & (cholinesterase, CHE) | &~ & B2 I 2,84 (glutamate dehydrogenase, GLDH) .5’ 4% 3 2 B (5 -nu

cleoticlase,5”-NT) | ¥ i &A% B (monoamine oxidase, MAQO) #= 3 & B Bt £ B (malate dehydrogenase, MDH) 4%, %341
LA R HAT (e A A EBATAWY EF R E A AR FEL BR A CCL TR ¢ . 53 Ramk, ALT,
AST,TBIL #= CHE £ CCl, %55 4 h& 3, £ 73 LA %t F &L (3 P<<0.05) . GLDH,MAO # MDH £%4-% )5 6
hedt &, 243 AR % FELG) P<L0.05), £ KTZ R ¢ . 5 RaAa  ALT £ KTZ 4% 6 XgH&. £
FEA %I FESL(P<0.05), AST #= TBIL 24255 8 RIt& . £+ B A %5 &L (P<0.05), & APAP IF &R
PL.h AL ALP £ APAP %25 4 h A 8 h A& . ZF A A LT 5 &L (P<0.05), CHE £4% )5 8 h 275,
E2FBAF %I FENL(P<0.05), ALT #= TBIL £4-25)5 24 h 5915, 2 F B A %t 3 &L (P<0.05), & 3 #F &%
KA VDBP 4% £ 4 25 5 69 PT A i ) SRR AK . 2 73 A %t & 3L (3% P<0.05). £ VDBP i€ o it 35
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Abstract: Objective To evaluate the value of serum vitamin D binding protein (VDBP) in the diagnosis of hepatotoxicity in
rats. Methods Three hepatotoxicity models were constructed in male rats with ketoconazole (KTZ) . carbon tetrachloride
(CCly) and acetaminophen( APAP) . peripheral blood was collected from large abdominal veins at different time points and
serum was prepared by 3 000 r/min centrifugation. The concentration of VDBP in serum was determined by ELISA,and the
contents of alanine aminotransferase (ALT) ,aspartate aminotransferase (AST) .alkaline phosphatase (ALP) ,total bilirubin
(TBIL) , total biliary acid ( TBA), cholinesterase (CHE) , glutamate dehydrogenase (GLDH),5’-nucleoticlase (5’-NT),
monoamine oxidase (MAQ) and malate dehydrogenase (MDH) in serum were determined by automatic biochemical analy-
zer. The t test was carried out in the experimental group and the control group to check whether the differences in the indica-
tors of each time point were statistically significant. Results In the CCl; hepatotoxicity model,compared with control group,
ALT,AST,TBIL and CHE increased from 4h after CCl, administration,and the difference was statistically significant ( P<<
0.05). GLDH,MAO and MDH increased from 6h,and the difference was statistically significant ( P<Z0. 05). In the KTZ
hepatotoxicity model,compared with control group, ALT increased from 6 days after KTZ administration,and the difference
was statistically significant ( P<C0. 05). AST and TBIL increased at 8 days,and the difference was statistically significant ( P
<Z0. 05). In the APAP hepatotoxicity model,compared with control group, ALP increased at 4h and 8h after APAP adminis-
tration,and the difference was statistically significant ( P<Z0. 05). CHE increased at 8h,and the difference was statistically
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significant ( P<C0. 05). ALT and TBIL increased at 24 h,and the difference was statistically significant ( P<<0. 05). VDBP

concentration dropped at all time points after administration in three hepatotoxicity models,and the difference was statisti-

cally significant ( P<<0. 05). Conclusion

rence of hepatotoxicity.

VDBP is more sensitive than other liver function indicators to predict the occur-
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Flig FREHERMEERABLE T A2 —. &
ZGWTT % B B, RV HEAT T 1 40 A I DR R T AE 5
ARG PR A5, AR 2 8 & 3™ B 4 35 P 09
B, PRI, an SR BE A I & As AN AT 3 4 2 .
TP B B A W b R ok T RCKE & A B  EE
JHFBE M, B i U A FH 24 Bl 45 2, A AT ek A i —
R . AW 3 i REPEAR AL L DEAG T
TERH B B e AE Wb S W G 4 AR D 455
H (vitamin D binding protein, VDBP) #1 H & % H
JF2 1 46 A X B 1 0432 W {8 LA HA 4% 31 38 i R
W2 Wi e b .

1 #Rl5HA%

1.1 #Fseat % SPF %% Wistar MEPEK R 128 H,
7 JE#,160~200 g, W [ At 50 48 R 48 5255 5 )
HARGRRAF . s 7E B & 52 5k e 0 55 B
GATEM WF 5T I SPF 4 Bt b &R 48 [ SYXK (30)
2016-0045] WA FE, &% 1~3 K, 3 & MK
K. fREIET 16 ~18h 25 &, IE W ik, B HRH
PC Bk RS Bl & (L X WX H:294 mm X 190 mm
X125 mm), & EH 2~3 kK, WWIHEE 12 h 1A
B PR EE 21°C ~24°C BRI L 3190 ~ 64 %0 1A 18 & Al
BB 10~20 LA b A3 S0, AFF 9 A0 S 5
W3RN, I LR AIE S5 B W A R AR A S
55 3 Wy 4E Al B & R & (TACUC) it #E %
IACUC2014026,

1.2 XA AL 7180 B4 A Bh ARk A AL (H
A HITACHI A7) ,5810R B &5 =X w8 3 B0 WL (1
Eppendorf 7Y &), 200 mg i M (KTZ) A 7
(FGZAm AR 2528 7)) WA Ak (CCL) (db Rt e T
J7);3500 mg X & Bt & LB (APAP) B /) (& 5%
T 254 B 5T AE A "D . KB VDBP iU & (i
Bk Sl B A B2 Al s TN & TR & 5L 7 B 1
(ALT) (RITA AR DS % (AST) (5P w5 12
fiti (ALP) s IHZ1 2 (TBIL) . S B 7 (TBA) . JH
Tk P i CCHED A1 57 4% 4 2 il (57 -N'T) 42 551 Fn AL 7
M [ H AR 4l 25 Tl Akl ek, &R
AW (GLDH) | B i 5 A6 il (MAO) Fil 3 JL R i =
ity (MDH) 320551 R o 5 390 A K FIC I AE R

e/ I S | B o E5 s TR

1.3 Fix

1.3.1 CCl, FFaEtEm R A # ) . CCL FKS il 6
AR B 30 ml/dl A WL R S R L. S
W E CCl, 4l AIE 3 X B4, CClL 4 32 R
B IER XA 8 K. 30% (v/v)CClLy 4 251k
Bl 10 ml/ kg #EB 4525, L5251 Ik, S8R
Ja 2.4.6 F1 7h 40 5@ 8 KWy, 1% X BE 4 44
TAERAEMEK LKA 7 h i 8 Ry,
1.3.2 KTZ FFE AR B . KTZ R 57 B %
VTS K TR 21 B AL 40 mg/ml 1R B IR W
A KA R A TR, LR E
KTZ A IEH X4, KTZ 4 48 H KRR, IEW
SR 8 HoRk B, KTZ 42554 K 225 mg/kg,
WEBBL, HRAEA 1RGSR, K%
RS 0 RLTE 1.2,3,4,6 Fl 8 K. 4 HIf# 8
HEhWy, i sh) 24 KRG 25, 1E % X IR 4 7 55
ALK 1 WIEHH 8 Xfg# 8 Rahy.

1.3.3 APAP FF#EPERE R A9 # 21, APAP H
R T ER KRS E K 200 mg/ml 1RE
R RV R L A 1 1 2 I
BB APAP 41 FIE & X 41, APAP 41 24 H K
BLIER XTI 8 HKR. APAP 442554 R 2 g/
kg JEH A2, G2 1 IR, BHEGLE G 4.8 Fil 24
h il 8 HshWy, 1E# X HR4L 4 7% oA 7
K 1G24 h s 8 Hah¥y,

13,4 Zh¥y i), i il & S48 dn kil . s H
50 mg/kg W52 AR B, I8 R 7 ok B ML 2~ 3
ml, EEFE 2 40 min J5,3 000 r/min 5.0, T HL
)2 iE H T s 4s k. ALT, AST, ALP,
TBIL.,TBA,CHE,GLDH.5’-NT,MAO f1 MDH
FFe bR A 7180 B 4 H B A AL 4y BT XN E . VDBP
FH ELISA 250 & 00 L I 45 98 2 BR Ak 30 & 1t B
$.

1.4 it 5 447 F SPSS19. 0 8t i 225 A4 dk 47
THR GRS AT, B E AR i 25 (2 9 FRom
TR TRl ¢ K 56 E 47 WA R A (] S5 0 b A, W
PRI K o« S 0. 05,

2 H#R

2.1 CClL HEREA PRI LER WE
1., 5%, ALT, AST., TBIL #1 CHE 7&
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CCL zh)E 4 hilEThm . HZ R B A G5 E S
(P<<0.05), GLDH,MAO Fl MDH f£452jJ5 6 h

B E, BZEZREASI¥E X (P<0.05),
ALP,TBA fl 5°-NT 5 BAMEZE R LG iT ¥ 5

X (P>0.05),

FEAR . JF — L Rr 2
(P<<0.05),

VDBP ¥ EETE CCL 4425)5 2 h i
F7h, HEREFSITHES

®1 CClL, FF S MR th KSR L R (ot 5,n—=8)
5 B —_ CCly 5 A 70 25 24 s [ P
2h 4 h 6 h 7h 2h 4h 6h 7h
ALT(U/L) 36£9.3 16£15.6 68+27.5 4894334, 2 405+260. 8 0.273 0.003 0.020 0.009
AST(U/L) 934+15.3 116.5+7.0 169+34.0 418+346.9 518+296. 6 0.943  0.009 0.039 0.008
ALP(U/L) 270476, 7 359+36. 4 3394105, 8 358+75.1 367+81. 2 0.091 0.242 0.921 0.052
TBIL(ymol/L) 1.9£0.3 2.540.1 2.9£0.2 3.3+1.4 4.2£1.1 0.811 0.034 0.043 0.001
TBA(pmol/L) 43£52.3 26£13.7 27410.3 25£13.2 63437.6 0.400 0.494 0.314 0.482
CHE(U/L) 131419.5 13049.7 176+£28. 3 2161+127.5 176£37.9 0.802 0.001 0.036 0.017
GLDH(U/L) 27+1.5 34+4.5 3949. 4 40+15.5 49+13.2 0.200 0.486 0.019 0.047
5’-NT(U/L) 11+1.8 10+1.9 10£1.7 12£2.0 1140.6 0.770  0.601 0.094 0.905
MAO(U/L) 821 10£1.1 9+1.7 13£5.5 1445.4 0.802 0.594 0.048 0.009
MDH(U/L) 1£1.4 617 4£0.6 271£13.4 33£9.4 0.912  0.094 0.004 0.005
VDBP(ng/ml) 32.9%£0.5 25.4£0.7 20.5%6. 1 14.7£1.8 16.942.6 0.005 0.008 0.000 0.004
2.2 KTZ R il o 23z 2552 WK MAO F MDH 78 45 25 J5 AT fa] Bsf [6] 55 5 % B8 40
SXTRAMI,ALT £ KTZ 425 6 KfTtm, ZR¥ESiT%E X3 P>0.05) ., VDBP 17&52
ﬂ%ﬁﬁﬁéﬁfr%ﬁi‘xw<o 05), AST f1 £ KTZ 42555 1 KRG, It —HER2 54 8 KX,
TBIL 425 8 RAm,. HEREASIT#E X HZEREAZIFEE X (P<0.05),
(P<<0.05), ALP, TBA, CHE, GLDH,5’-NT,
x2 KTZ FEMEEPERERRUER (L5, n=38)
. e KTZ fF etk R 2t ) K P
1% 2% 3% LR 6 % 8 K 1R 2K 3K 4K 6K 8K
ALT(U/L) 4349.9 41£4.5 76+49.6  46+£14.7  76+£49.9  86%+33.9  71E14.6 0.693 0.183 0.706 0.185 0.032 0.017
AST(U/L) 71£6.8 78+4.5 127485.8 140£74.8 1964+152.5 1724139.8 98+19.6 0.093 0.184 0.073 0.105 0.144 0.026
ALP(U/L) 26914102.5  200440.0 210£48.7 199+£37.6 217481.8 212444.5 250£88.5 0.199 0.284 0.315 0.408 0.500 0.060
TBIL(pmol/L) 1.5+0.3 1.240.1 1.240.7 1.2+£0.4  1.4£0.6 1.8+0.2  2.1+0.2 0.087 0.438 0.251 0.056 0.258 0.025
TBA(pmol/L) 49+27.2 86+35.1 101+36.5 60+£10.9  59+31.4  71£49.0 40+8.0 0.154 0,060 0.610 0.672 0.544 0.632
CHE(U/L) 175463.1  249+104.5 2224+68.3 233+147.1 191£69.8 207+124.5 1734£70.5 0.647 0.063 0.590 0.083 0.355 0.078
GLDH(U/L) 16£6. 4 14£3.5 18+8. 1 25£15.8  29+£26.1 27413.0 13£3.4 0.449 0.657 0.284 0.300 0.118 0.423
5’-NT(U/L) 12£0.8 12+2.1 16+6.7 16£2.0 16£4.1 2849.5 16£4.9 0.565 0.201 0.082 0.067 0.224 0.101
MAO(U/L) §+1.8 7£1.2 8§+1.0 1044, 4 1143.2 11+1.6 T+£1.2 0.361 0.916 0.543 0.128 0.126 0.508
MDH(U/L) 3£1L0 316 5421 1048, 1 1049.5 9+8.6 7£5.9 0.307 0.111 0.078 0.105 0.070 0.505
VDBP(ng/ml) 30,4415 22.940.8 16.940.9 15.1+0.7 15.4+0.8 13.5+£0.4 21.7+£0.7 0.002 0.001 0.000 0.004 0.000 0.009
2.3 APAP I A Al p g Araea 25 R R P>>0.05), VDBP WEETE APAP 452555 4 h &2
S AM I, ALP 76 APAP 5255 4 h #18 AR I H#%54e3 24 h, HE R A ﬁéﬁerﬁ
hiA®m. BERHEASRITE XY P< (P<0.05),
0.05), CHE #E4Zifa s h iTtm  HE S A% 3 it BB 0iE 560 £ Ybs B9 2 i

P2 L (P<<0.05), ALT Ml TBIL £ 4525 )5 24
hEARE, HEFEAEHIT¥E X (P<0.05),
AST,TBA,GLDH,5-NT,MAO il MDH 7E %4 %

Je A AR R ] 5 0 IR A Y 22 S B TR e v T L (B

ALT, HF45045 i FF 20 P9 i 30 A i N 1 ALT B
B, SECME T ALT & FFE . AST 78 JF i
FLe U 4 K A2 P i, AST o — 8 72
T, (A AST AW o A o s AST T ok 0 /2
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o T 4 4 51 A2, 0 L 40 B 45 05 8] R B S 5
AST FHEPY, ARBFSEAE KTZ il APAP P35
BRIk, ALT A% 5 B F0 R #5548 0 T AST. #&

CCly FFEE MR th, i1 T CCly AR, FE Pk
BT A sh ) &R 1B T ™ A BT 805, BT L ALT Fl
AST #B B R S K2 W1 .

X3 APAP FSMER h BIFFREME R (ot 5, n=38)
. —_ APAP [T R HEAE 4 24 ] P
4h 8 h 24 h 4h 8h 24 h
ALT(U/L) 31+2.8 33+2.6 39+13.3 60423. 1 0. 100 0.121 0.002
AST(U/L) 9417.8 88+7.2 79433.0 295+288.2 0. 400 0. 288 0. 066
ALP(U/L) 196+23. 4 1634346 152+24.8 213£43.9 0. 030 0. 043 0.315
TBIL(pmol/L) 1.94+0.4 1.74£0.2 1.7£0.1 2.4740. 4 0.193 0.276 0.014
TBA(pmol/L) 31£28.0 22+13.3 10£2.7 66438.7 0.410 0. 084 0.076
CHE(U/L) 14049. 3 189£81.6 193+45.5 130£63.0 0.170 0.019 0.729
GLDH(U/L) 23+4.4 20£3.4 17+6.9 38+26.6 0.115 0. 057 0.142
5’-NT(U/L) 124+0.5 1340.9 1240.9 1444.7 0.070 0. 341 0.395
MAO(U/L) 8+2.2 7+1.3 6124 7+2.1 0. 062 0. 064 20. 175
MDH(U/L) 4£1.4 3+0.8 7+13.4 542.0 0.082 0.490 0. 388
VDBP(ng/ml) 32.2£1.7 29.7£0.6 29.7%1.2 30.340. 8 0. 005 0. 009 0. 040

ALP # DL TR E X T2 44480,
A g P B ALP =2k A M BE . 5 8% A
ALP e IR BT Th & e oh B 8, & 2 W A iR
B U AR b . A SCHR R 3E L 76 1T 9 FR A s
ALP W55 35 Ve T m . TBA &y I [ P 5 Ak
o o AE AR B v i A7 R L 5 BB B 3 RS BT
k& . TBA A DL o i s 16 26 6% 5 &2 1 A . 24
JHF 1 406 A 32 BHL 58 IR R 469 722 i3 i TBA 5t
STbmE . 57-NT A iy AFWE & i, Bt % AF kA
RS W A B R R . G R, 57-NT
T PR B BRI AR R E T e AR A
BB S MR ETNERANEA S
TR X AR5 o TR A 3 R A b T A
AL, 27 DA 40 453 45 R 3 L oA H BRI S A BH Bl iE
TR BB 4, Ik, 5 % B4 A H . ALP, TBA H
S-NT SRR S MEFY LG22 E
M. ff APAP IF &R 4 h A1 8 h B[R] A
ALP BEREA LMK E L. e S5k &
EE

CHE = B47 7 T 7 WE L 21 40 it A i o, K BURF
JRE A58 497 5 o JFF 248 e S 8 O L s 89 CHE &7
SR LT 202 218 A4 7= AL A B IR AT 3%
e ., TRk s AL B H TBA Al
TBIL KB ETH &, Z 5651553 L, X il B
IML3% o TBA F1 TBIL ¥ B 48 £k 5 i 52 5 460 35 7% B
WYIM ST ARBFGEAE 3 Fh 3 PEAL A, TBIL
AU e AU B 0] i TH v, H 22 S A S22 8 X
Uil TBIL 7E3X 3 Al 2 e 33 ) i 2 M 49 52 80
AR, CHE 78 KTZ FFEp s s b iy 22 % A B A7

Giil 8 X fE APAP IFsdERE R A 8 h B[]
HTtmE AR B G ER L. 0L CHE 78 KTZ
I APAP FF 2 PR R A 32 W F 401405 9 O (AN 5

GLDH & — Pl £ b A i , BT IE 0 LS B A 25
R G e $ B0 B GLDH & & 7
e MAO WP = ICRE Sz e JF 27 4 A i R L 2 2
TR R A I TR = v N B = 0 B A ol 1 R
MAO A8 (058 K v R IF R ok 2 R h oA
FESRAE RS, ifL 3 MAO 36 PE 7] FF =, MDH J&
— A A R TRk B R 2 R SR SR R 2 [
A PER AL, £ B S5 = RRIEA | LEERRIEEE . 5E
HIR- KA RGN 42 . MDH 78 I 1E b
ol DRSS VRN R AR D e AN i R
bt A0 N MDH B A IS B0oh JE 1 1 MDH
FrEm, MDH % 0 URE 2 | 20tk 52 5 v T
5 9 L R A R e Y AR ST
GLDH,MAO #l MDH 1§ CCl, JF & P8R b, 44
g6 hITmBESEASGIT B A -2
Wi, i 7E KTZ F1 APAP JF 35 i 58 b g 22 5
ANEA Goh 38 S, JO ik WO A R 0 R AL R B
HiZWi i (E.

K VDBP & Z th i HE A 5% R 43 06 S — Ff
STl 52~54kDa BRMEAEE H L E4EAE R D
kY i E bR EEEN. VDBP AMHRES
Mg 4eA: 2 D LAWY 25 (OHD D $¢ 5 %
dih RSN EALA LN EA MR
AU R B B ZF 4k 1k R BT 8 R 3 A0 A i b
VDBP ) & i 81K B AR A 7K F 55 9590 Y ™
YIS ARBFIEAE 3 B AT LR G, A
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W 2GR — > WL I E] 5 T 4 . VDBP AR HL 22 5+
HAG 78 L XUES: VDBP fEiX 3 A AT 8¢ 1
B LB T A R AR AR A B Y R AR L T LU
BT B T K 3 A R e TR AR A 4. £ L
Jirid , VDBP Ay 18 75 B FFRE 2L AR AR 36 ) B A AR
U A2 WA (B T RLAR S5 75 B 22 ) JEF 2 M A 28 o
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