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Abstract: Objective To investigate the relationship between serum activity levels of glutathione reductase
(GR) and hepatic damage induced by hepatitis B,and its potential of clinical applications. Methods A total of
430 apparently healthy subjects (control group) and 606 patients with hepatitis B Chepatic damage group)
were enrolled in the study. The serum activity levels of GR and the levels of other hepatic biomarkers were de-
termined. The relationship between GR and hepatic damage induced by hepatitis B was analyzed by intra-and
inter-group univariate analysis, multivariate linear regression analysis and multivariate binary Logistic analy-
sis. Results Inter-group comparation showed that the overall activity levels of GR and male and female actiri-
ty levels of GR were significantly higher in hepatic damage group than those in control group,and the differ-
ences were statistically significant (P<C0.001). Intra-group comparison showed that the activity levels of GR
of males were significantly higher than those of females in control group,and the difference was statistically
significant. Multivariate linear regression analysis showed that the activity levels of GR in patients with hepat-
ic damage was positively correlated with age, alanine aminotransferase ( ALT), aspartate aminotransferase

(AST) and alkaline phosphatase (ALP) (» =0.095,0. 331,0. 113,0. 319, P <C0. 001,<C0. 001, =0. 009,
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<C0. 001). Multivariate binary Logistic analysis showed that the increasing of activity level of GR was an inde-
pendent indicator for the occurrence of hepatic damage (OR=1. 086, P<C0. 001). The optimal cut-off value of
serum activity level of GR for predicting hepatic damage in patients with hepatitis B was found as 59.5 U/L in
receiver operating characteristic (ROC) curve analysis, which yielded an area under curve value of 0. 899 (95%
CI:0881—0.918,P<C0.001) and demonstrated a sensitivity of 82.7% and a specificity of 85.3%. Compared
among AUCs of different indicators, the diagnostic potent of GR was second to those of ALT and AST, but
stronger than those of total bilirubin and ALP. Conclusion The increase of serum activity level of GR is an in-

dependent indicator for the occurrence of hepatic damage,which can be clinically applied for diagnosing and e-

valuating hepatic damage.

Key words: glutathione reductase;

JHE R 9 B 48 FR BRI 98 L S B R (R AR &)
PIRLFE R (R B P9 ) R A L B D L JHE 88 T A
S FIE R R — LAY S FE AR BB L I
B S JE B 1 E B IR B Z —0 0 & b H Ak
S — T 4 L PN OGS B B Ak R L ARG T 5 O R S DA
PP IR A B S Bh bR LR Y A e KGR TR
it} (GRO 7T 4 £k 4801k B8 4 Bk H K (GSSG) #% 28 B id J
R H K (GSHD AR FFHLIR N GSH &0 T ik F , 4k
FROR S 20 RS A BN . A W5 R W, 7 2 Rl OIF
JIFE 5 o 0 H R A% G T L PR JHE AR B0 4 i B
JHRE Ak B2 6 B B Ik 5 7% 1 M A8 b, BRIV GR
TEVEAKCE R BB T . AN AR [ I PR AR B
GR 5 H i i1 95 24 B 235 1, an N 2 iR 2 AL i 7 il
CALT) FIH8E 9 2 W (ALP) 25 7514 9 1Y 7K F- A B i
225, B R AL PR 56 3 UE 55, GSH X T 45 4
AR AR L R, GR AT AR R 4 AR
JEE DAl 4 B A I i 3 h GR I M KA B T4 Bl
W IR & S VAl R A R EE L M A T AL
S AR BT T R A I 48 bR R AR AN FE . AR IFSE LA
I PRER 12 1 83 S I 5 B Y, DL 3 g A Tl 4K &=
P LW GR TG PR K 78 3OUL Mg BB 5 460 45 1
A T 1 AR Ak i A K G 5 At T T R A 3 H
OGHRKME AN 22 5 1k, i PR BE T GR Hf B i2 W 3697 45
K, PRAS 0L 0 7 B B AR 9
1 BREFE
1.1 — %k BEHC 2018 4F 3 H & 2019 4F 4 J1 7F
AKBERIZ B 606 Bl & BB FHAE N I 4, Horh 5B
472 ), Ze 134 B AE W 18~83 %, 55 ik BUIR] ) AR e
A TP 22 WL R N BE 430 04 g X BR4H, Horh BB
205 i, 4 225 ], AFE Y 18~83 %, A W5 x4 2y
HEZ 5AMRIFEBMERE .

1.2 90 A FIHERR A5 i

1.2.1 XTHRAGASRIE A Ak 4R 4R T8
T 18 & U RE R I C o A R AL T IEH S % X
B P, ALT: 5 ~40 U/L, K14 &R A &5 %l

hepatic damage;

hepatitis B

(AST):0~40 U/L., B B4 & (TBIL): 1. 7~26. 0
pmol/L, ALP:40~150 U/L; ZHiT 5 Wik A 458 &
JF 2% 1 Bt R (CHBsAg) A B s 75 T 9% 75§t M (HC V-
IgGo K I &5 58 S B M .

1.2.2 FFBTAHM AR FrfA A E R RT
AT 18 &5 LT 5 Wik A 45 5 b HBsAg N FHE,
HAts 4 AMEE SR, HCV-1gG K25 52 0 B

1.3 ik

1.3.1 ARASCREE R AT BT X425 8@ # ik
3mL.2 h N E.OHA B LT . 24 b TR I Y #R
ARATVE I (2~8 CHRAFE . 24 h P JCIEIE B bp A 75
BUR(—20 CBLLT)RAF  ASRE I 5 VR il ¥ VR AR AT
bR A e Z - 47 6 > H . I35 b A R LR A F
1 mL,

1.3.2 A s i GR G MK R
GSSG WA, 32 790 &y - 0 v A ) B B A B
N EN AL K 28 S HITACHI 7180 4 [ gh A4 164
FHX(HAH A H)D, ALT.AST,TBIL fl ALP X
7 & e LU PR AR TR A RS W AR L A T AR R
H 7 7180 4 A sl A k43 B CH 4% H 37 23 W) 51 SIE-
MENS ADVIA1800 4= H 3l A4 1k 43 #r 4% (8 [ v 1]+
WNHED, LHF 5 TR cobas e4ll 4 A sh# b &kt
IHTAY Gt £ % R R D KB ERFIAE I . HCV-1gG
SR Tt B0 S 92 MR A3 96 A 0, 50 & 0 1 b g AR R
P24 i e A A BR 23 ) 4 A % - BioTek ELX80 fiff
PRAL G2 FARA D .

1.4 SEitafhb s R SPSS20. 0 48 i #4447 %K
P pr b3, R H Kolmogorov-Smirnov 7% #E47 IE &
PERGI . FFAIER AT ERRLL o+ Rom, M
2B Fb B R ¢ K g . AH R M 2R H Pearson AHR 31T,
B IEAS 43 A 1 T 5ok DL 6 20 (MDD 1Y 43437 (1] B
(Pos~P.) 1% A ] 3 % ) Mann-Whitney U
R . A 2 8 2P 1005 43 B il B O [R) B [0 1 A
HXFR, RARHEEMEZHEE Logistic [F11H 43 Hr %
SRR H ) S fE B . R 2R TR RRAE ih



e 1846 - EFARES4E 2020 £ 8 A% 41 %% 158  Int ] Lab Med, August 2020, Vol. 41,No. 15

2 (ROC HhZO B E GR I MK P X 2 BF B8 I3t
iz AE . PLROC 4 TR (AUC) RRiZBiak
fie. AP<<0.05 AZESAGZITFEX.

2 % ES

2.1 X REZH 5 4004 2 4% A AR R A DU e AR T
BOWLER 1, %k B4 A 5 4 CE R RUAS [ 4 51 43
D WFFE R AR L ALT,AST, TBIL, ALP 1 GR %
MEE R AR IR, XRS5 B0 4 Bk 1
B R LA R AW A R 38,0 %, T
ML 35.0 B . 22 RA G FE X (P<<0.05) ., F#H
P20 25 WA AR AR T 25 5 8 TR R, 22 S A

it aE B L (P<<0.001) , Horp St s 4 Sk il 7 GR
MK N 74,0062, 8~99. 0O U/L, B i 5 T % 1B 20
B 52.0047.0~56. O U/L(E 1), XS M ALT,
AST.TBIL.ALP 1 GR (#0025 8 5 2otk e, 22
S G E X (P <0, 05), Hidh B E GR 3§ Pk
gl 53.0 U/L, @ F& i 51.0 U/L, 2 5%
HEH2EE L (P<<0.05), #0545 ¥4 TBIL Al
ALP W 5 R 5 LM 2R A SR # 3 L (P <
0. 001) o H: Al 46 M 45 R 22 = g3t = E L (P>
0.05),

F1 NRASHRGASHEXERMNESERERIM(P,;~P)]

2051 n AR () ALT(U/L)

AST(U/L)

TBIL(pmol/ L) ALP(U/L) GR(U/L)

popiisEiil Bk 430 35.0(28.0~49.0) 19.0(14. 0~25.0)

B 205 34.0(28.0~50.5) 23.0(17.0~29. 5)
225 35.0(29.0~46.0) 15.0(13.0~22.0) 7
SR Bk 606 38.0(31.0~47.0) " 97.0(51,0~261.3) "
By 472 38.0(31.0~47.0) 104, 5(51. 0~275.0) *
Pk 134 37.5(30.0~51.0) 82.0(53.0~192.3)

19.0(16. 8~23.0)
21.0(18. 0~24. 0)
18.0(15.0~21.0) ©
73.0(41.8~158.5) "
72.5(38.0~168.8) "

73.0(46.0~143.0) "

9.9(7.6~13. D 69. 0(56. 0~84.0) 52.0(47.0~56.0)

10.7(7.8~14. 1) 80. 0(65.0~97.0) 53.0(47.0~58.0)

9.4(7.5~12.1)7 61.0(51.0~74.0) 7 51. 0(46.0~55.0) 7

17.8(11.2~43.6) " 106.0(84.0~138.0) * 74.0(62.8~99.0) *

19.9(11. 7~55.6) * 110. 0(87.0~146.0) * 75.0(62.0~100. 0)

12.8(9.4~24.00 " 7 93.0(73.0~120.5) "7 73.0(63.0~91.3) "

T 5 BRI AR, T P<<<C0.05; HAM Bk A, T P<<0.05,

150 =
= xfRE

FFR54E

50 =

Py e ki
B1 FHGREMKELE

2.2 GR IG5 H At 5 M 2R 9 b5 75 9 40 56t
rpr Lh 1036 BB SEAT M GR I MK AR
AR CALT.AST, TBIL F1 ALP K H 728 # 47T £
HEL MR T M, LR RN Y =
33. 267X 40. 306 X 4E#% + 0. 038 X ALT+0. 017 X
ASTH0. 004 X TBIL+0. 186 X ALP(F% 2) ., #H % & %L
r*=0.383. Durbin-Watson &I {H M 1. 820, 1 B %%
PEEIAHE A S . ANOVA 2 Brli il 2% 5 oF it 24 5
N (F=127.923,P<C0.001), i 2 o] )L, ALT A1
ALP WtsdEA IB1H R &40 2 0. 331 1 0. 319, 156 B
ALT Fl ALP X GR i /K - i 22w B K5 4F % AN
AST X GR 1 P /K- B9 52 e 2 /)y 5 1 TBIL A9 [al 5 &
2R HGHE X(P=0.119), 31 TBIL 7K %t
GR W6 HEKETERE M, 38 AN G

2.3 AR R ST fE B TR SR R M R R
02K Logistic MUH 28T DL G PR 12 W o8 B AR

B AR CALTAST, TBIL,ALP A1 GR iy [ 72 & i
FTENZE — 43 2% Logistic [ IH 2 #71 87w, Bk 4E &8 4b,
ALT.AST.TBIL,ALP Il GR ¥ iF 4t ¥ i) 1 57 15
Bor DAL 3 BB A I8 A0 Y oA B AR i i — P T 2
R 2 —4335 Logistic MIE4 7 Al W, ALT KT+ &,
FLf  (OR) = 1. 449, 95% B {5 X 1] (CI) : 1. 306 ~
1. 609(P<C0.001); AST /KFE T+ (OR=1.220,95%
CI:1. 102~ 1. 351, P <C0. 001); TBIL /K F J &
(OR=1.473,95% CI:1.302~1.666,P< 0. 001);
GR 1% P K FH 5 (OR = 1. 086, 95% CI:1.041~
1.134,P<C0.001), ALT.AST.TBIL.GR # h &
JHF 51 A2 18 JHF 453 40 e ik 57 s 6 R (R 3D
x2 SEZMSNER

. RARMEI R L PRIk R 2
B i 15 B p

O 33.267 3.456 — <<0. 001
AR 0. 306 0.081 0. 095 <20.001
ALT 0.038 0.005 0.331 <<0. 001
AST 0.017 0.007 0.113 0.009
TBIL 0. 004 0.003 0.039 0.119
ALP 0.186 0.015 0.319 <<0. 001

T — RN T

2.4 GR EMHAKTFER ROC 4454 K& b *t
ALT.AST.TBIL.ALP # GR #:47 ROC i £k 2 #7 ]
H1L S GR 6 MK % 2 BT B3 BF 5405 5912 e LMl



2y

Fﬁﬁgﬁ\l}gq‘ﬂim

2020 ££ 8 F % 41 4% 15 Int ] Lab Med, August 2020, Vol. 41,No. 15

+ 1847 -

4 59.5 U/L, AUC A 0. 899 (95% CI: 0.881~
0.918,P << 0. 001), R R 82. "%, Fe F R
85. 3% (Wl 2>, XA+ 1) ROC M £k #17 h 3L,
ALT 1 AST 9 AUC fz K, 40928 0. 984 F1 0. 977,
LWIRRE R, 3 ) 22 S RS iH5 3 L (P>>0.05),

TBIL F1 ALP % AUC 433l &y 0. 783 1 0. 818, 3%
]2 R LG H %2 X (P>>0.05), GR 5 HAhH T
AUC b#5, 22 530 Gt 2% 32 L (P <<0. 05) , 2 Wi &k
REYR T ALT Ml AST.fH{EF TBIL f1 ALP(F% 1),

=3 BEEMSEZEASN
HRE ZRE
i H
8 OR(95% CI) P B OR(95% CI) P
AE 0.006 1. 006(0.996~1.016) 0.212
ALT 0.216 1.242(1.202~1.283) <<0. 001 0.371 1.449(1.306~1.609) <<0. 001
AST 0.303 1.354(1.291~1.421) <<0. 001 0. 199 1.220(1.102~1. 351) <<0. 001
TBIL 0.142 1.153(1.122~1.184) <<0. 001 0. 387 1.473(1.302~1. 666) <<0.001
ALP 0. 043 1.044(1.038~1.051) <<0. 001 0. 004 1.004(0. 983~1. 026) 0. 708
GR 0.146 1.157(1. 134~1.180) <<0. 001 0. 083 1.086(1.041~1.134) <<0. 001
i — — — —26.639 <<0. 001 <<0.001
T — FoR EERE .
x4 AEEFH AUC k%
A ¥ AUC 95% CI 2 Wi FHE REECD RS P
ALT 0.984 0.977~0. 990 40.5 U/L 91.3 100. 0 <0. 001
AST 0.977 0.970~0. 984 28.5 U/L 91.7 92.8 <<0. 001
TBIL 0.783" % 0. 756~0. 810 16. 2 pmol/L 54.1 89.3 <<0. 001
ALP 0.818" % 0.792~0. 843 84.5 U/L 74,4 76.7 <0. 001
GR 0.899 " #4Y 0.881~0.918 59.5 U/L 82.7 85.3 <<0. 001

.5 ALT lb#. " P<<0.001

1.0

0.8

0.6
{in}
&
ms
0.49f /
/
0.2
0.0 T r T T
0.0 0.2 0.4 0.6 0.8 1.0
1H5RE
B 2 AEEFH ROC # 2
3 i i

JEF A AL A R 1 2 5 e v G B A
251y IR S TR W B 4 2 b T R 2 5 R A
TOEIR R 7 A P S EURF R . GSH 7E T IIE
4 35 L ) o e i R 0t PO A D T A D T i A
Wy (GPx) M GR 2 5 I 15 F 4+ GSH U6 35
R A 2 A A A R A 2 B L A R R A Ak
WEPER AN A BT B0 5 I 3 AR e

;5 AST %, ¥ P<<0.001; 45 TBIL # .2 P<<0.001;45 ALP b# .Y P<<0. 001,

GR 1 P K SF 2 0 8 T, B B TR T v ALP,
A B R AT R R 545 B L 40 A 98 08 B & R
ARk BB GR B ALT 55 oAb JF I8 4 i — [A) DA 5
AL B E M P . g — I i IA L AT R4 5
FE P S Ak R ORI S B v R GR T PR UK
T L A U SR BRI S 0 TR Sh A R R SRk
N7 35 B N AV A B 7 AR S 8 R RO 5 T AL A
BB A AL O 5 2 G0 1l 0 DA R A el 2 Ol 1 i
Yi e RS, GPx i B GSH f£ 18 B T 1M R A HLY
s ML E ALY R B GSSG, 1 GR ¥ GSSG i J5
i GSH &3 A Y, ML [ 5 3 i 3% i GPx fl GR
T P 7K B AR P A SR A A TR R85 L DA 9 B A R
BE R

ARHFFEEE R R (D FE R &3S 1 8405 4
b, i GR WG PR 7K P B S 2 0 {22
S G E X (P<C0.001), #0583, BT 445 41
B L E GR GRS 5 T xR, w
ARG AL O L, 7E 2200 MEE B NRE b, B3 M i GR
T PEAKCE I s T vk, 3 i ok 39~72 U/L fit 41~
65 U/L" . AW s IS i 41 5 oM T7 e 22 572



+ 1848 -

E Fr A 3h B 22 55 2020 45 8 A% 41 5% 15 H

Int ] Lab Med, August 2020, Vol. 41,No. 15

X AT BE S BT AR I R S e, 55 PR I R AR A B W
LT, SR LTRSS B (22.1%), K
REUH 225 . () ALT FZAF7E T 40 B 40 i 5 v
PFA AT I, BB 100 0 A 2 A R B T ALT
IR SR T SR e BB B B IR A bR . ALP
F AL T I 20 A o 55 000 SR R R L A A 18
JFRBF I ALP K2R EEsh B B, it 2
RLMERIH M Al 1. GR 5 ALT 1 ALP #9451k
8] 5 2 %043 )24 0,331 1 0. 319, $e B ALT #l ALP
5 GR HEIEME, HA GRIGMEAKFE#EmE K, %
WFFE LS B, GR 5 ALT —k  7E AT 0590 191
20 3 35 G B B, R AN R & v . [
B, 5 ALT Bl ALP (%58 AH OC %t mT 56 B, 1l % GR
TR KO T 2 F 0 S 80 . GR 5 AST 255
I (r=0.113) .5 TBIL AHEM 5 GR B4 1
S BT A B T ) BEAG I 48 AR 4R R RN R, HOR
ZAEWE R, (3) 432 Logistic [\ 9 43 45 &
78, I ALT AST F1 GR 5 P /K F T 76 5 & A
Z P2 1 43 vh 35902 th & R 5 1R ) 460 405 2k 57 fs
W 7, ool v GR OIE HEKSEAERE I 1 U/ L B
(R KU TH 5 1. 086 5. 1 ALP 7K - T i 76 & [H £ [1]
A5 M Hp A 2 ik S 1 fE B 7, X AT RE 2 i T ALP
(AR RS ML R ) s ALP 28 IR A5 HE T, BF 460 403 sF
20 M o L R A= Dy R S E L, AT ALP 7E AR A
BB A MBI . (O ROC 220 b 45 5 WK, i
B GR G MK X & 835 I 450405 1912 W 2 EH o0
59.5 U/L, 5iEFRIEM S % XA S IR
S B b L 4 A M A bR R W LA S i TR JR St
gerfpE— Ak, I GR & PEKFE 5 AUC Jy 0.
899, RELFE R 82. 7% 4 5 Ry 85. 3%, 12 Wik fig ik
T ALT f1 AST,.{HfL T TBIL il ALP,
4 % it

ABEFEUE S, i GR W& KT &S A5
40 JEF 463 405 B S A G L A I I 3 GR I M 7K SF R4 A il
B2 Wr AT £ S, DFAR 0 FR R 0 Oy k. H
TR IS AR AR A T H W H S5 R
JH- 458 03 A A A Sy BF 98 X6 25 R 2 0 HG At JHF U 9 o 26
BT AE G SeWF 5T itk — 0 Bk L R A

S % Uk

[1] XIAO J,WANG F,WONG N, et al. Global liver disease
burdens and research trends:analysis from a Chinese per-
spective[J]. ] Hepatol,2019,71(1):212-221.

[2] HOU X,Y E F,LI X,et al. Immune response involved in

liver damage and the activation of hepatic progenitor cells

during liver tumorigenesis[]J]. Cell Immunol, 2018, 326

[3]

(4]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

(1):52-59.

DEPONTE M. Glutathione catalysis and the reaction mecha-
nisms of glutathione-dependent enzymes[ ] ]. Biochim Biophys
Acta,2013,1830(5) :3217-3266.

COUTO N,WOOD J,BARBER ]. The role of glutathione
reductase and related enzymes on cellular redox ho-
moeostasis network[ J]. Free Radical Bio Med, 2016, 95
(1):27-42.

POPRAC P,JOMOVA K,SIMUNKOVA M,et al. Tar-
geting free radicals in oxidative stress-related human dis-
eases| J]. Trends Pharmacol Sci,2017,38(7):592-607.

DI MEO S,VENDITTTI P. Evolution of the knowledge of
free radicals and other oxidants[ ]J]. Oxid Med Cell Lon-
gev,2020,2020:9829176.

WANG X,SHI C,CHEN G,et al. Characterization of re-
combinant glutathione reductase from antarctic yeast
rhodotorula mucilaginosa[ J ]. Polar Biol, 2019, 42 (11):
2249-2258.

HUO H Z,WANG B, LIANG Y K,et al. Hepatoprotec-
tive and antioxidant effects of licorice extract against
CCl4-induced oxidative damage in rats[J]. Int J Mol Sci,
2011,12(10) :6529-6543.

DJORDJEVIC J,DJORDJEVIC A, ADZIC M, et al. Flu-
oxetine affects antioxidant system and promotes apoptotic
signaling in Wistar rat liver[J]. Eur J Pharmacol, 2011,
659(1) :61-66.

KORUK M, TAYSI S, SAVAS M C, et al. Oxidative
stress and enzymatic antioxidant status in patients with
nonalcoholic steatohepatitis[J]. Ann Clin Lab Sci, 2004,
34(1):57-62.

ISKUSNYKH I Y,POPOVA T N,AGARKOV A A,et
al. Expression of glutathione peroxidase and glutathione
reductase and level of free radical processes under toxic
hepatitis in rats[J]. ] Toxicol,2013,2013:870628.
IVANOV A V,BARTOSCH B,SMIRNOVA OA,et al.
HCV and oxidative stress in the liver[J]. Viruses,2013,5
(2):439-469.

ZHU Z,DU S,DU Y, et al. Glutathione reductase mediates
drug resistance in glioblastoma cells by regulating redox ho-
meostasis[ ] ]. ] Neurochem,2017,144(1):93-104,
PASHKOV A N,POPOV S S,SEMENIKHINA A V,et
al. Glutathione system state and activity of some NAD-
PH-producing enzymes in rats liver under melatonin ac-
tion at norm and toxic hepatitis[ J ]. Bull Exp Biol Med,
2005,139(5) :520-524.

ZE PN, i R, AL S SR R A ILE A e e
JUBE S 2 X ) (9 2 S L) ). R B S %%, 2019, 34 (10) £ 908~
912.

(e H 3 .2019-12-09 &8l H #.2020-03-12)



