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W E B AT Janusi# B 2(JAK2) /M35 35 A F080E B -7 3(STAT) B 5@ RIE R & B £ % (GAL) X MM %5 (0)) X
BAT AR IR T8 Hra B . ik A SD XK RA T, R AN G B R E 2530k 2 5 OJBEA!, SR B 70 09 48 R K K
%A OT ALY 40 (Model 28) A&7 8 GAL 28(GAL-L20) . % #1 8 GAL A(GAL-H41) . &5 #) ¥ GAL+JAK2 it 7% #) colivelin 28 (GAL-H+
colivelinZi ), B40 12 R ; B IR AT/ Z IR R L3009 SD K R 12 R A A B F KA (Sham4i), &k R § Ao/ KR E4A40
R, FRIKR, &S Td, RRLHE UEEARIGTFALRELHE 0L aif P &£ (TBIL) A ea &
(DBIL) | 71 5082 # 585 (ALT) . y-2- R Bt 75 85 (GGT) K- FF 4848 7 48 A AL B AL EE (SOD) /& =B (MDA ) 7K, 48 42 49 i 8
T, VARAE 5B 5540 X & G [BEBR AL JAK2 JAK2 BB AL STAT3 STAT3], /4 =48 % % & [B 28 o #k €55 2(Bcl-2) \Bel-2 /8 % X &
& (Bax)|# & A B0, LR %5 Sham 213, Model 28 kX RATFA LT 5 Ao FF /vt B IR I an B 7] 4L 5 S AP IR BLAs /=
R, TILKE K R iZ A An 4F e 12238 4 5 o 3% o TBIL \DBIL \ALT .GGT /K-, AF 2048 ¥ MDA /K-, IF 40 28 4w L 8 o= &2, A
BT LA L2 Bax & & 64 £ ik /K42 JAK2 . STAT3 & & 64 B iR AL KT 3 B 2915 (P<0.05) ; AF 4822 77 SOD K -F \Bel-2 & & 89 £iA
K B EEAK(P<0.05), 5 Model 21483t , GAL-L .GAL-H 48 X RATF L LR ILMG A T i% B X S HIFH B ERE, A
GAL-H#4 ¢ 5 R # 2 3% (P<<0.05) ; colivelin 7T 2.3 # 4 GAL *F F OJ X AT 345 BAR % F8 47 09 BL-EAF A (P<0.05), £5i® GAL
T A4 O K RATLL LR am B o=, & T o fk , R BAG R isk , B3R 4R R ST Ak 5 4] JAK2/STAT3 45 5 i@ 55 4 %
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Effects and mechanism of galangin on hepatocyte apoptosis in rats with obstructive jaundice
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ABSTRACT OBJECTIVE To investigate the effects and mechanism of galangin (GAL) on hepatocyte apoptosis in rats with
obstructive jaundice (OJ) based on the Janus kinase 2 (JAK2)/signal transduction and activator of transcription 3 (STAT3)
signaling pathway. METHODS Taking male SD rats as the object, the OJ model was established by double ligation of common
bile duct, and 48 rats with successful modeling were randomly separated into OJ model group (model group) , low-dose GAL
group (GAL-L group) , high-dose GAL group (GAL-H group) and high-dose GAL+JAK2 activator colivelin group (GAL-H+
colivelin group), with 12 rats in each group; another 12 SD rats with laparotomy/abdominal closure without ligation were selected
as sham operation group (sham group). Each administration group was given relevant medicine intragastrically and/or

intraperitoneally, once a day, for 7 consecutive days. After the last medication, the morphology of liver tissue in rats was

el e — observed; the serum levels of total bilirubin (TBIL) , direct

RS I 2 B ZE A A B30 H (No. 1 D E R (2021)85) bilirubin (DBIL) , alanine transaminase (ALT) and
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mail : guoweishengjcy@126.com liver tissue were detected. The apoptotic rate of liver tissue

v -glutamyltransferase (GGT) , as well as the levels of

superoxide dismutase (SOD) and malondialdehyde (MDA) in
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cells, the expression levels of signaling pathway-related proteins (phosphorylated JAK2, JAK2, phosphorylated STAT3, STAT3)
and apoptosis-related proteins [B cell lymphoma 2 (Bcl-2), Bcl-2 related X protein (Bax)] were determined. RESULTS Compared
with sham group, congestion of liver sinusoids, damage to liver lobules, disordered arrangement and swollen morphology of liver
cells, the disappearance of nucleoli, and significant infiltration of inflammatory cells and fibrous tissue proliferation were observed
in model group; the serum levels of TBIL, DBIL, ALT and GGT, the level of MDA in liver tissue, the apoptosis rate of liver
cells, the protein expression of Bax, and the protein phosphorylation levels of JAK2 and STAT3 in liver tissue of model group
were increased significantly (P<<0.05) ; the level of SOD and the protein expression of Bcl-2 in liver tissue were decreased
significantly (P<<0.05). Compared with the model group, the pathological injuries of liver tissue were relieved in GAL-L group
and GAL-H group, all quantitative indicators had significantly improved, and the effect of GAL-H group was more significant (P<<
0.05). Colivelin could significantly reverse the improvement effects of GAL on liver injury and related indicators of OJ rats (P<<

0.05). CONCLUSIONS GAL may inhibit liver cell apoptosis in OJ rats, improve liver function and alleviate oxidant stress, the

mechanism of which may be associated with inhibiting JAK2/STAT3 signaling pathway.

KEYWORDS galangin; obstructive jaundice; hepatocytes; apoptosis; JAKZ2/STAT3 signaling pathway

FH €1 295 (obstructive jaundice, OJ) &5 AH T HE
2 BHL i BIE Y SR A ML | R B e ) — g , LAHHIE
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JAK2) /M5 5 %% 'S Rk 538005 Al 7 3 (signal transduction
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1.1 FE{ES

A5 B AR 45 ELX800 Al 4 H shfifinil
( 2 [ BioTek 2 ) ) , Eclipse 80i %! 2% i {55 ( H A&
Nikon 23] ) , MF53-N A% 1 il 5 (M T B St i
ARA AT, 1658028 %I B 7Kk Y . ChemiDoc™ XRS+7!
B 1% 22 48 (55 [ Bio-Rad 22 1) ) ,KD-3368AM A1) J
HLCHTAS Gt RHl A R A A IR A R 45
12 FEHRBSKA

GAL X} HR & (35 548-83-4, 4l Jif =98% ) Wy [ I 1
BT E MR A BR A 7] s JAK2 B0 77 colivelin AY XS R
(L5 356284 , 4l i =98% ) W4 H BB ER A DR A
BN ) 5 EUIHZT 2 (total bilirubin, TBIL) | Ei#EAHZT % (di-
rect bilirubin, DBIL) . N 2 % §% 2 I (alanine transami-
nase, ALT) .y -7 % I %% #% 1 (y -glutamyltransferase,
GGT) JHEE ALY AL (superoxide dismutase, SOD) A
. % (malondialdehyde, MDA) iff X 4 $%& W Fff Ul =2
(ELISA) i3 & (415 73l 536288472148 259433
440167 .593284 ,542305) ¥ [{ _F 1635 = KA HA K
B3 BN ] 5 IR ARG AT (HE ) G 63857 & . TUNEL ¢
IR F B (540 354221 .485961) 41 [ 25 3% £ )
B C ) B A R A 5 S5 9% 52 16 JAK2 (phos-
phorylated JAK2, p-JAK2) . JAK?2 % 2 ft. STAT3 (phos-
phorylated STAT3,p-STAT3) , STAT3 B 4 iz i#k [0 78 2 (B
cell lymphoma 2, Bel-2) . Bel-2 4 5¢ X & [ (Bcl-2 asso-
ciated X protein, Bax) . H i [ -3- 5 iR Il & i (GAPDH )
2w REHTA R B 2ok S A P Wl s 12 P9 L S e B 2 BR
G Zht (45 43 51 2k 249630, 526588, 4170459,
2326114, 9635475, 3056186, 1327490, 4985107 ) 4 4 [
YL [E Abcam /A o
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1.3 LIz

SPF 21 SD KB 60 H, &5 200~250 g, I [
DUAR (630 A B ARG BRA AL s 7=V e ok
SCXK (5%)2019-0010, 47 K FRI4 1 3% Tl pg 4 =
Bt AT P T B 2 R A 5 U s o b0 S 5 & (Il
21~25 °C , #H XTI JF 40%~60%, 4 12 h SC/IEE R ) .
A B W) S 7 58 480 % B S 5 sh W AR A B B ol
¥ A ME (i 7E S5 PZ-HNS2Y'Y-2022-048) o A K B
P& RS 7 d S TGS 22505
2 FHik
2.1 EE HES5%H

S M SR i A ) O AR« ot A UM s v
I3 EE 240 (30 mg/kg ) R T RRIRE , LRG3 E HR DI, 2%
I B IS TIRSAE I 1/3 b4 7 W S5 4L, bl s ¢
PIRE I , B 285 Fr KRR . #5 ARG 24 h R BRI
ARHE R OJ B HG 7 Ah

BT 55 B T 1 48 HUR B, BE AL 43 o OF 5 74 21
(Model #H ) . % 7 £ GAL %1 (GAL-L 4 , 5 mg/kg
GAL"™) & 7 &8 GAL 41 (GAL-H 4, 10 mg/kg GAL"")
1 77 GAL+JAK2 33 77 colivelin 41 (GAL-H+coli-
velin 4 , 10 mg/kg GAL+1 mg/kg colivelin™) , & 241 12
Ho AF 12 LR RS IS M SR R 25 4L, 1
B F AR (Sham4l) . RJF5 3K, GAL %l 4K
FRUVEE A ) GAL (A AR FRER KON ), I8 s 5
SRR A B R /K s GAL-H+colivelin 20 K BLUHE ' & 7 4=
GAL F1 18 JI 13 8¢ colivelin ( A A= BEEE 7K 75 ) ; Sham
2H \Model 41K BRI B 118 s VR S S AR B AE BRER K, R
LK, #2527 d
2.2 KR FFIhBEFEARIK T4

K ELISA VAR . ARIRZG 25450 12 h i %4521
R R P v B I L 240 (30 mg/kg) AT IR, T T
FEIKHEI . MAETE 4 °C R ##E 4 h /5, LA 3 000 r/min 25
10 min, BREJZ2 03 , 240 R 70 4 BB 5 AR
e FH R RASORS: 1fiL 375 7 TBIL \DBIL ,ALT .GGT /K,
2.3 KERIFALR R EWEHIEIRK TN

SR FH ELISA VAR o B J5 , LA SiUHE R F 75 Ab SE 45
R, FIBCLAFIE . ML AR 6 R BRI FEE,
BT 4% ZRWEEHEE &M /T 6 ARRMFHA
F—80 °C AT, 75 B IR URAF 45 41K BUF4141
SO | K= SR AR L A i | IUA Wt = L B e R (I
FHEG AR SO F2H 21 SOD MDA K-,
24 KERFALREFERSWE

fifi F HE G ok g8 . BiL“2.37 300 T [ 78 A9 45 20 K
SUHAZUE &, 268 A i 3 S V) -, 4% HE 4 (7]
SV AT AR DG E B SR R B A
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2.5 KRIFALRMEATEREN

K F TUNEL e A6 I . HRU“2.47 300 45 2 R B
JFERZY) B, 4% TUNEL 42 600 65 d B 1 5 adied e 4l
P B AR AN PR T B . B 5K D) i Bl ML
L6 A AT, 10 SR LT v R T P A ( R AR )
BORN AN R T AR TR (P T R = T R4
JHOE/ 2 EL X 100% ) .
2.6 KRFFALAHESEERATHXEGRERN

K JH Western blot 7K . HiU“2.37 T R 7R A7 45 21
KT LUE B, A RIPA 246 T vk _ERIFES , 25005
B35 W8 BCA YA #F T 8 8 . BCER 1S 4
Ze iR ARG | EAT 109 | e SE A R 44 - 2 TN 0 Tk e
BEIC LUK B, PGS 2 R R S LI 1, 1 5% 2 1l
B A VBT L hg i A 538 3% 40 ¢ 8 1 (JAK2  p-
JAK2 STAT3 .p-STAT3) JHT-#H &5 4 (Bax \Bel-2) .
Z 11 (GAPDH) — 4T (F BE LU 1348 1:1 000) , T4 °C
FIEE R AR, T (R REHLAF Sk 1:5 000) , F=
T E 2 h; LECLIHI B ) , THREA IR R G T L
% . L GAPDH NNZ, fii F IPWin 6.0 #4504 45 H 89
BEANRBACE (B HWEA SN SEAN N IKEE
FUARD) L B A5 3 R G381 1 iR Ak 7K (I p-JAK 2
5 JAK2 .p-STAT3 15 STAT3 % H Y Fik /K HAR) .
2.7 SEitEHE

¥ H] GraphPad Prism 7.0 £ {F X 8048 247 48 11 40
Mo ARSCE R IMF A ESH i, Uxts FoR, £
2 I) Ll A5 R FH B DR 28 T 22 9300, itk — 20 T 1 L 3R
LSD-146:55 . K% /KifE a=0.05,
3 #£R
3.1 GALX KR MiEHFIsetEfRK R

55 Sham 21 45, Model 4 K FRU1fiL 35 H TBIL \DBIL .
ALT .GGT /KP4 8 2 7 (P<<0.05) ; 5 Model 41 Hb 4
GAL-L.GAL-H 41 K FUIfiL 7 TBIL . DBIL ,ALT .GGT 7K
-2 I AR (P<<0.05) , H GAL-H 41 & #{% T GAL-L
2 (P<0.05), 5 GAL-H4] 4, GAL-H+colivelin 4] &
B 1ML 3% TBIL . DBIL . ALT . GGT /K *F- 3 . 2% T+ 75 (P<
0.05), 4R IFEL,

®1 BHXRMFHRAFEERIRKTEHILR (xLs,

n=12)
415 TBIL/(umoll)  DBIL/(pmollL) ALT/(UL) GGT/(UL)
Sham 41 13541142 5861093 73.59110.80 2201046
Model 41 186.251 1433 134021 11.89 4026214517 4482530
GAL-L4 145.82£10.28° 9345+8.84° 281.37+31.59° 29354314
GAL-HA 10234775 5167+ 645" 1654241968 13.64% 188

GAL-Hrcolivelinl ~ 157.85+12.20° §749£8.90° 2547842948° 35804394
a: 5 Sham 4 [t 45 , P<<0.05; b: 5 Model 41 It 4% , P<0.05;¢: 5
GAL-L4H H#5, P<<0.05;d: 5GAL-HZH [b 4%, P<<0.05,
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3.2 GALXKRAFAR P EN R EIEIRK TR0

5 Sham 4 b 35 , Model 2H K B2 21 5 SOD 7K~
2 REAK, MDA /K- .35 T+ (P<<0.05) . 5 Model 2H
b4, GAL-L .GAL-H 4 K FUR4 21 SOD 7KV 34 I 3
FEiE MDA JKF- 24 1 A1 (P<<0.05) , H GAL-H 2011y
ALEE GAL-L 418 8 % (P<<0.05) . 5 GAL-H 4 H#%,
GAL-H-+colivelin 21 K R AT 4121 SOD 7K - i & B A%
MDA /K- T4 (P<0.05) . Z55R LK 2,

®2 B[AXBFARDEUNHIERK TR (x+

s,n=>06)
45 SOD/(Ufmg) MDA/ (nmol/mg)
Sham#f 68441721 2541051
Model 41 101273 6321078
GAL-LA 384914100 4714059
GAL-HZ 62374655 2804037*

GAL-H+colivelin#fl 41.80+4.54° 492+0.56°

a: 5 Sham 4 %% , P<<0.05; b: 5 Model 4 %% , P<<0.05;c¢: 5
GAL-L# H#¢, P<<0.05;d: 5 GAL-HA 4%, P<<0.05,

3.3 GALXKRFARREFHSHNF N

Sham 2H K BRI S b /N B 25 T8, JTF 40 7 HE
SRR SRR 20 M A TE T RT UL, TC I I i) S 4
LT dE A U 4 . Model 41 K BRUTFAHZ P AT SE 78
I, /N S B0, S B HE S 25 L TS ik A%
T, AT LK B S A M R PP el 4 .
Model £ H #¢ , GAL-L . GAL-H 20 K BT 41 4L 15 e
W, 20 M HE S DU RDE S8 BT, 980 240 it 32 i
LR Y L AU A L Ho GAL-H 41 B G T W & .
5 GAL-H 4 FL % , GAL-H-+colivelin £ K FUF41 24 iF
AN L VPR O AT (I O G ek i 0
TR AEH UG 2, S5 0LILIE 1,

A. Sham 4

B. Model 4
POk : RORE AN MR 5 B (A Sk SRR UG AR

. . - g @
R Te BN iy 04 1ad yen®?
NG £V S e o die

34 GALXMAKRAFELAMBATENZIN

55 Sham 41[(5.47 + 0.86) %] b4 , Model 41 K FRUH-4H
220 M T 2R [(38.66 +4.05)% | ik 3 5 (P<<0.05) o
5 Model 41 He 4%, GAL-L . GAL-H £H K S 2H 23 40 it 7
T- % [(24.30+2.35)% ., (12.28 +1.87)% | ¥ i 2 K& AIK
(P<<0.05), H GAL-H 2 & ik T GAL-L 41 (P<<0.05) ,
5 GAL-H 41 b %5 , GAL-H+colivelin 2H K BT 4 4140 ity
T3 [(26.42+2.92)%] i & T+ (P<0.05) . #541°K
FRUFFAL 2 A A o T i) S A R DL 2,
35 GALXMAXRHALAHESEERATHXERR
X R

55 Sham 21 [t %, Model 2H K 5T 2H 21+ JAK2.,
STAT3 2 [ IR Tk /K- F1 Bax 2 1 9 28 /K2 1B 3%
FhiE , Bel-2 85 1 Y 3R Ik 7KOF i F AR (P<0.05) . &5
Model 4H b #5 , GAL-L . GAL-H 20 K T4 21 v JAK2 |
STAT3 # 1 B IR Tk /K- F Bax 25 11 0 Fk /K2 1 3%
FEAIK, Bel-2 25 1 2 1A 7K - 35 18 2 F 55 (P<<0.05) , H.
GAL-H #H 19 728 16 # GAL-L 4 ¥ 1§ 3 (P<<0.05) , 5
GAL-H 4 I # , GAL-H+colivelin 20 K B JIT 40 41
JAK2 STAT3 & [ TR b /K - F Bax 2 111 357K F
Y Tt 1, Bel-2 25 Y 2RIA KT i BRI (P<<0.05) o
SR 3 A3,
4 iFig

OJ J& PRI S 1y NEE AR BEL A IRy AN i S i L i
BB KM BRUATR, 25 35 3R A R A LS X A
Ei7 ke AN =S G e e TR w7 N = e b e
AR ) 8 30 085 1 — e s , 7™ o 2B A 1 A ik
JES, 01 KA, BE T T BE 2 8, I T RE 4R bR
(TBIL.DBIL .ALT .GGT) /K~F-BA . 7H i, H 3441

B. Model 41

2GS 2024 4F55 35 45 18 1]

C. GAL-L4] 7

2 RAKXRFAAMATHEME(TUNELLEX)

D. GAL-H#4]
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®3 BAXRHEALAHESEBRRBATCHAXESRE
BERAEER (x £5,n=6)

45 p-JAK2/JAK2 p-STAT3/STAT3 Bax/GAPDH Bel-2/GAPDH
Sham 41 0.24£0.02 0.29£0.03 0.32£0.03 0.80£0.08
Model 4 0.76£0.08 0.85£0.09¢ 0.94£0.09¢ 0.18£0.02¢
GAL-LA 0.50+0.05° 0.6210.06° 0.68+0.07° 035+0.04°
GAL-H# 0.32£0.03¢ 0.4040.04¢ 0424004 0.69£0.07
GAL-Htcolivelinl ~ 0.55£0.06’ 0.71£0.07 0.76+0.08° 0.40+0.04°

a: 5 Sham 4 F 4%, P<<0.05; b: 5 Model 41 F ¢ , P<<0.05;¢: 5
GAL-L4H L #8, P<<0.05;d: 5GAL-HZH [L4%, P<<0.05,

P-JAKZ WSS S S s s (30 kDa
JAK? W A NS e e |30 kDa
P-STAT3 - G S s o O kDa
STAT MENEES W S S - S Do
Bax | u— EmE  a— ——— — 21 kDa
ERSZRE e —/ R DT

GAPDH WS WS S S S Do

Sham#l Model4l GAL-L4l GAL-H4l GAL-H+

colivelinZ{
B3 |BAAXRFALDESERRATHAEARIE
IRk

UM A T IRFE , I 2H 258 RE RN AR A i 8 s g A
ARG R R 25 FL AR B 1 7 vk 57, OF K RS AL
45 5 1 7R, Model 2H K BUIL T A 2 fE 48 45 (TBIL
DBIL .ALT.GGT) /KF, [F4H 414 MDA /K-F A4 3 7=
5 A Bax R E 7K, LA F L8008 -5 35 i 35 T
W, T F2H 28R SOD JK S I T2 28 1 Bel-2 iy ek /K
ST 359 8 2 AT, T L B S A S TS IR N 4,
YN HES ZEEL JE S K BT e AR R R AE
Y I A 4EZH 20 A Ui O K R B T B I Y
JFYIRE T K S A AR T

GAL J2—Fh RIR B ERE LA 5, A —E iR
PmtE. A& ST & B, GAL e 2 R RS
JI U AT SR PR I A8 1k AP 27 Ak , £ ot H AP ol REVK
52, IRV AT B 5 0 T — B R T Ak Y 2
S ARG, Li SR A& B, GAL REZEIR N AIMKE
e 7 1 INEE R cBe 1Ll N0 2 2
X HFERA CRAPVE T o A58 DT 05 04 R 56 AR A4
P HE R R U RIBIKOF, DRI I RS54 T
I R SR T GALYE R O K FUM 48 b 19 A8 Ak 1%
O, AT S b 48 78 AR AL . AR SR PR, &5
GAL ¥ 5 , OJ K B ¥ H i+ 2 Ge 46 45 (TBIL . DBIL
ALT .GGT) K-, 41 41 MDA 7KF-Fil Bax & 11 3
KA, DA T2 23 A 8 17258 2 (i SRR AIR, i P 414
H1 SOD 7K~ \Bel-2 i FH R IR KF- 1 i 25 T i, KB
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AN AT AT BT DR, AR RS IR 2508 T, RAE
2 i 3 T R 42 S AR 98D, B2 78 GAL RE ] O K
B AT ZH R AN IR T, s HTF I RE

JAK2/STAT3 {5551 B REUS A 40 M AR 4 R TN

RAE S AF 22 Fh A B B A, b 2B B JAE N

A TS JAK2/STATS {5 5 38 i , i 17 5| & JF 4 05

Zhang SFIFGE & B, g itk —7 nT BHIKT I IIE JAK 2/STAT3

5 I ER (5 T 5 T, NTTAT RCSGE S PN T T4

JOL YT S 0 R AR AT S R 7 0 DR R 2 F

GER I, 76 B S BRG — F 0 il e 5 1) ST 44k

R G-I RT, FAE T AT RE-S5 BHLIBT JAK 2/STATS {5

THEA K, AWFTEATR R, 5 Sham 41 AL, Model

K BUFF 4140 h JAK2  STAT3 2 [ 19 8 iR 1k K F- 1) 2

T 4t GAL TR , OF K RUFL S Bk 2R (1

WAERR AL /KT 1 i AR, 4278 GAL XK BRUTF2H 2L 40 i 4

TR T AT B2 N I JAK2/STATS {5 =i ik

SR o SEE AR AT LA GAL B JAK2 3

15 77 colivelin #E47T1Hi , 45 2R 75 , colivelin FJ i 2 i %

GAL X OJ K [ 4 2 40 Ji0 U 1R 98 AE e 7 4 410 i £/

FI, 3275 GAL T g i T 9 JAK2/STAT3 {5538 B Al

i OJ K EL R AN i T

25 LTk , GAL Wil OF K FRATFZH 4 4u Mg T, 2l

L HNTIORE R SR, LR EHT AT RE S JAK 2/

STAT3 {5 5 AT G AT OTVR YT 25 M W A 12

HETHT Y LK, {H GAL X OJ K U 2H 2R 40 it 9 7 iy 4

AR PR il i B HA I A%, i e i — D4R

Sk
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