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HE: BR UEHMEME LT 20 i B4 i 49 K BROA N T R B T 20 4 b B 1 i e BRI 2 (JAK2) /
(557 3 F 505G+ 3(STAT3 ) /B 4 fibk CLRE HE PR -2 (Bel-2) S@ BR300 . F7ik 5 72 HOOCHr e s A 7 H ik
P Wistar K ERBEPLIT BT AR BRI ZERMAL K AMFEERLZAE b s, ] 12 B, SRR
KA R, 43 B3 ZE S Bl ik, FH 22 R A5 FHL AR Bl ik (I TFAR AR R ZERANEEFL) AR 4 4 h 5, HZERAS
K B I N T 10 mg - kg ™" I ZEAHS , SMIEMERR LT AR b o AR R SR I s P 5 5,10 .15 mg - kg™ A1
PERRLT 2, AR T AR B ZH K UM s N v S i A A BRER K 342 2 R SR FH/K RK B SR A I 4% 4 R BN Zh R
o RS A T 1Y dUTP e O SR b Lk A8 45 41 K B S A 2 4O JA T 1% 10 , R Western blot ¥ 46
45 20 K BRI Eh 4 41 p-JAK2 \p-STAT3 } Bel-2 SEHRIAEIN . ER  HRFARALE, BRI KR Morris 7KK E
SEHREHE 1.2.3 4 RbEERETE A B EFH LK (P <0.05) , ZF8 P 5 IRBUAR R 6 Y B FR(P <0.05) i
ZH A M PR T R it Sh A ZUrh p-JAK2 \p-STAT3 \Bel-2 FRiE/K T 0TS (P <0.05) , SEIRIZ LLEE, b ZE KA A
FHMEHEAR LT RAL P R A KR Morris /KRB SCERSE 1.2.3 4 Kbk v Ok i [a] 35 B 25 46 6 (P < 0. 05) , T
BB SHER V-G ER R ER (P <0.05) i A LN T3 G A 1% p-JAK2  p-STAT3 Bel-2 Fik K P
YR ERRIL(P <0.05) o b FERIAL LLEE, SMEMEIHZL R AR 4 R B Morris 7K 28 B SEEG 55 1.2.3 4 Kbk
PREF ) B AE A (P <0.05) 28 °F B IR BURIR R 5 H B  BE FEAR(P < 0. 05) , M5 T 20 240 A 12 3R K iig Th 41 41
o1 p-JAK2 \p-STAT3 \Bel-2 ik /K3 2T (P <0.05) o AMEPENRLTE @ i 2] 5 i FE K2 K R Morris 7K 28
SEEVER 1.2.3 .4 Kk e VE AR B ) L 2R BT B BRI R - & 3B T 2 A0 MO T 3R R T AL 4 p-JAK2
p-STAT3 Bel-2 Rk /K LU 2 RG22 L (P >0.05) o BEESNEIEARZLZ R S0, SNEMEIRLL R AR b
F 2K B Morris KRB SCHREE 1.2.3 4 RAKFRBb BRI B R 45 J0 a3, G OT 5 IR ER R T- &5 % B3k
PO A LU TR R DA 2 p-JAK2 \p-STAT3  Bel-2 ik /K- 2 FRAG A 2, 4L 1R] W 1 Lb 4 25 S Y Be it 2#
BX(P<0.05), &it AMEMNINLT 2 AROSHR =5 Bl S E I B A7 K BRI TR, 6 Ve S A U i g o, X — 1
JHI T RE 2 38 5 45 JAK2/STAT3/Bel-2 5 % i T P T S2 e

S MHZLE Bl SPGB 5 DT RE 5 B 2R B 0 25 (555 % 2 T R SRS F 35 B 4H ik B R
-2
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Effect of exogenous bilirubin on cognitive function and Janus activated kinase-2/signal transducer
and activator 3/B-cell lymphoma 2 pathway in hippocampal tissue of rats with hypoxic-ischemic
brain injury
HOU Li-wei' ,KONG Li-na’,DU Kai-xian®
(1. Department of Neurology ,the Second Affiliated Hospital of Zhengzhou University , Zhengzhou 450014 , Henan Province , Chi-
na ;2. Depariment of Pediatric Neurology ,the Third Affiliated Hospital of Zhengzhou University , Zhengzhou 450052 , Henan Prov-
ince , China)

Abstract: Objective To observe the effect of exogenous bilirubin on cognitive function and Janus activated kinase-2

(JAK2) /signal transducer and activator 3 (STAT3)/B-cell lymphoma 2 (Bcl-2) pathway in hippocampal tissue of rats with
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hypoxic-ischemic brain injury. Methods Seventy-two 7-day-old male Wistar rats without specific pathogens were selected and
randomly divided into sham operation group, model group, dexamethasone group,low dose exogenous bilirubin group, middle
dose exogenous bilirubin group and high dose exogenous bilirubin group, with 12 rats in each group. The rats in each group
were intraperitoneal injection of chloral hydrate for anesthesia, the left common carotid artery was separated , the external carotid
artery was ligated with silk thread (sham operation group only wore thread without ligature ). Four hours after the model pre-
pared , the rats in dexamethasone group was injected intraperitoneally with dexamethasone(10 mg - kg™') ;the rats in low, me-
dium , and high dose exogenous bilirubin group were injected intraperitoneally with 5,10 ,and 15 mg - kg ™' of exogenous biliru-
bin, respectively ; the rats in the sham operation group and the model group were injected intraperitoneally with the same volume
of normal saline;all rats were continuous administration for 2 weeks. The cognitive function of rats in each group was detected
by water maze test;the apoptosis of hippocampal cells was detected by terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling;the expressions of p-JAK2 ,p-STAT3 and Bel-2 protein in hippocampus of rats in each group was detected by
Western blot. Results The escape latency of rats in the model group was significantly prolonged than that in the sham opera-
tion group at 1,2,3,4 days of Morris water maze test (P <0.05). The number of crossing platforms and the speed of explora-
tion platform of rats in the model group were significantly lower than those in the sham operation group at 1,2,3 ;4 days of Mor-
ris water maze test (P <0.05). The apoptotic rate and the expression levels of p-JAK2,p-STAT3 and Bel-2 protein in hipp-
ocampal tissues of rats in the model group were significantly higher than those in the sham operation group at 1,2,3,4 days of
Morris water maze test (P <0.05). Compared with the model group,the escape latency of rats in the dexamethasone group and
low , medium and high dose exogenous bilirubin group was significantly shortened (P <0.05) ,the number of crossing platforms
and the speed of exploration platform were significantly increased (P <0.05) ,the apoptotic rate and the expression levels of
p-JAK2 ,p-STAT3 and Bel-2 protein in hippocampal tissue were significantly decreased at 1,2,3,4 days of Morris water maze
test (P <0.05). Compared with the dexamethasone group, the escape latency of rats in the low, medium dose exogenous biliru-
bin group was significantly prolonged (P <0.05) ,the number of crossing platforms and the speed of exploration platform were
significantly decreased (P <0.05) ,the apoptotic rate and the expression levels of p-JAK2,p-STAT3 and Bel-2 protein in hip-
pocampal tissues were significantly increased at 1,2,3,4 days of Morris water maze test (P <0.05). There was no significant
difference in the escape latency time,number of crossing platforms,and speed of exploring platform, apoptotic rate and expre-
ssion levels of p-JAK2,p-STAT3,Bcl-2 protein in hippocampal tissues between the high dose exogenous bilirubin group and the
dexamethasone group at 1,2,3,4 days of Morris water maze test (P >0.05). With the increase of the dose of exogenous biliru-
bin, the escape latency time of rats in the low,middle,and high dose exogenous bilirubin groups was shortened , the number of
crossing platforms and the speed of exploration platform were increased , the apoptotic rate and the expression levels of p-JAK2 |
p-STAT3 and Bcl-2 protein in hippocampal tissue were decreased at 1,2,3,4 days of Morris water maze test, the difference was
statistically significant between the low dose exogenous bilirubin group and middle dose exogenous bilirubin group and high
dose erogenous bilirubin group (P < 0.05). Conclusion Exogenous bilirubin can improve cognitive function and inhibit hip-
pocampal cell apoptosis in rats with hypoxic-ischemic brain injury,which may be achieved by regulating the activity of JAK2/
STAT3/Bel-2 pathway.

Key words: bilirubin ; hypoxic-ischemic brain damage ; cognitive function; Janus activated kinase-2 ; signal transducer

and activator of transcription-3 ; B-cell lymphoma-2
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1.2 FERFENE MR HIERRIE B
2yt AR AR B P AR S A T B T
A YIRHECA FR 2 B BBt B p-JAK2  p-STAT3  Bel-2
Z yibEHUA AR S S bR 0 E PR TeC T
W B DA ) AR A BR S w, oK o 3t 4%
PR e 7 Wl /v 5 19 dUTP g 112K 3 A5 32 ( terminal
deoxynucleotidyl transferase-mediated dUTP nick end
labeling, TUNEL) 17 & Wy A BT M 35 = KA B HAR
HIRAT, & KB (diaminobenzidine, DAB)
RO EW B AL P2 SR AEEARA RA A,
H 9 3-8 R A & B ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH ) i) § 32 [E Abcam /5 #] ;3K15
M R B 0 ML A 78 B Sigma 2 w5 SW-CJ-
2D2G2F2FD AL TAE G 1 H 98 Mg B A
FRZSF] R  HL 7RF Il A SE [H Adventurer 23 H], %€
SN EETTHI B IS = )

1.3 ZMEBFE RS M Rice BRI 5 Gk 5~
SV IR A8 5 R RS TR o 4% 2 Ok U T o o
40 g+ L1 RGBT TR, B9 BT 75 , B L [
el . LRVAZ NAER IV IO SR e 11 sE=-a 71| B W = 1 BT S
Bk, FH 5/0 22 R Z5L BN S ik (IR TR H R 54
AEEFL) , 4G W KB R, R R BLIR TR J [] JE fm]
Fro BAUHISE 4 h J5 , Hi ZEOK A A K BRI RS PN T 5
10 mg « kg™ IR SRR P AL LT R AL L
AR B I I TS 5,10 .15 mg - kg™ 1R
PERRZE T AR L IR R U IR P9 T 4 4
AR E S 2 2

1.4 Morris 7K 'S L3040 & A K FRIAF ThBE
1697 2 JE e, 2R Fl Morris 7K 28 55 2 5646 2% 2H K B
eI IR IA K R TRt v s R 8 [ F S S R S YA
AN ERBE L, DY SO B — A, K BE B (0
EATARIC , & AR IR A5 e 22 ~26 C (1) &
BT I25 DR R BUE T B ANkt ATk 2
A5G SRR A K S, K Sy B R R A
AKH AR 90 s A48 15 I 18] (b ik 15 AR i)
[E]) , 5250 1.2.3 4 RARINZR 2 K,2 IR
PR 1] PP T Ay 24 TR 36 3 v AR I ) o (2) % [i]
RS 55 5 RAGE L 26, FHLERA K £,
W KRB LKL 90 s NERE H AR 4 IR %
AP B RBUARR V- G R, 928 Rk T 11Kk, Jf
PAMEHEAE 23 (6] 27 2T iCAZ RE 7 R N6 7

1.5 TUNEL F#MNEEHKXREBESHLA DA
TRER KERERREEH G, AR S B
RLRITI0 g - LKA S (4 ml - kg ™) BT

SPIRREE, T IO 45 400 T 47 F M i, 2 800 Wik, £
40 g+ L7 ZR PR M2, HE O A Dk
fREAE TSk B, — R o I AL R A T - 80 °C
vKAE T, 5 — TR IR ZHZUE TR BUN B 10% 1 vk
FH ST B [ 4 b 3 BRSCHR A R BRUIG 7 44 2 £
3 BCH g Th A R 0 A, B Bk S
7S DNA K241 TUNEL f W, 37 C G
1 h JHPRSE U 50 wWLBUR o A AL P, 37 °C okt
J¥E 30 min, 3§ VRS WS N DAB B A, = IRIEE
5 min, WL LH D] 7 G A 1F 00, B 25K 2 1k
WA, SR CRIKA  HIREY R E F,
e A NS Y B A, IEWMEIT
ZIRANE Y 5 A A 2 R 2R 4, TUNEL FH 4% 41 g
OB 08 AN PATT E R iR & Mty e R ]
R, R TR IE . SR Image ProPlus 5. 1
WA AT R K B R oA T A MR, Rk ) S
AN LB AT LGS, TH A0 M 0 T 3R, A O
2 = TUNEL BHPE4H gl S 4% x 100%

1.6 Western blot EZK M ZHKREIZHLAH
p-JAK2 (p-STAT3 Bel-2 EHFRIE  HPUNA L, of
FE S I SR fie i B S 1 2 SR 1, DL GAPDH
KNS, AT IR DS M 5 e 35 e VK, B AL AR AR
20 pL, HUIKZE G 2 T 5% RS 18 50 min, 43 5]
W n—Pi Ry p-JAK2 \p-STAT3 Bel-2 £ 5 BT
T ,4 Cib i, —4t,37 C & 1 h, BFER
EE%, L) B-actin HNZSEH , K Gel-Pro analy-
zer 4 B E BT p-JAK2 . p-STAT3 Bel-2 (4%
KK

1.7 itz W SPSS 20. 0 2 fFifFfr4eit
ST, TR ORISR + AR 2E (2 25) FOR, 24
HLH R FH B R 3R T 2293, 2 AL 1) L3k T e/ S
EEZE ST RS, P <0.05 hESAGIFE X,

2 #R

2.1 6 AXRkBBEAREILER 4R EL 5
T AR A A R 1.2.3 4 Kbk Ik
MfTR]R R, 2 A it B (P <0.05)
SR O, 3 FE KA L A SN IR 2131 v
e AR R BR 1.2.3 4 RGP R Ik 17 14\ 35 44
i, ERAGRIT AR (P <0.05), SHIFERRA
OB SR PERRZL AR RS RREE 1.2 .3 4 K
R PRI (8] d 2 HE R (P <0.05) o AMEPEHZLER
e A 2 R BER 1,23 4 KB ORI ] 5 1 26 0K
A LB S G2 B (P >0.05) o BEHE SN
PERHZLZ A, SMIRPE R LR AR v | i) 2
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KA 1.2.3 4 Tl sl o R I [a] 5 246 J a5, 41 1]
®1 6 AXRkiet AR E L

PP LB 22 A SE i 7 (P <0.05) .

Tab.1 Comparison of escape latency of rats in the six groups (x xs)
g5 , e HEVE AR BT 1]/

- E RPN H2R 3K $4R

BRFARA 12 45.16 +4.36 34.18 £4.13 21.32+3.43 13.58 +3.02
AL 12 121.43 +8.56° 108. 13 +8.35" 101.75 +8.06° 85.26 +7.73"
HiFER AL 12 57.71 £5.73" 48.52 +6.12° 40.16 +4.02° 25.43 +3.56"

AN IR 2T 2% AR50 e 4 12 99.54 +8.15™ 86.72 +7.82" 80.71 £7.63" 63.21 +5.45"
HNEPERR LT R4 12 77.43 +7.41" 66.03 +5.61"¢ 59.36 +5.24" 42.53 +4.03"
AN LT 2 R A 12 58.78 +6.52"% 47.21 +4.32% 38.87 +3.91"%* 24.46 +3.75"

A T ARG P <0.05; GBI LA P <0.05; S ZERPAA LA P <0.05 ; AMEHEIRLE FALA 4 LU P <0. 055 5HME IR

gRPHIEALE P <0.05,

2.2 6 AKBIRRFABREE ZRIEK2. 5
B F AL g, A2 K FRUZE O 5 IR R T
B B ERER, ZRAGIH R (P <0.05),
SRR HOAE , M FE R AN AL RN AN IR B ZL R AR
o 0 e AR BRSO 5 B SR T 15 1R
L 2ERAGHFE X (P <0.05), SHbFEKFAA
oA, M BB T 2 AR | rh ) 20 K BRUZFBT & UEK
PHRETVEHRELH B EEM, ZEFARIT¥E X
(P<0.05) . AMNEPERHLT 2 5 57 a2 b ZE K AR 41
KERZFRRT- 5 IR BUARFR Y- 6 MU L 28 i gi it
SR N(P>0.05), BfiESNEELL R Em,
AMEPERRZTZEAG (o 7)o 2K BRUZR T 5 R
PRFE- 5 o SR g, AL R P e 2 R A
Gt E L (P <0.05),

2.3 6 AXREBEDHELAPAMATHERIER &
TR BRI TR S IMEPEIR LT ZAK
B N R S AR L OB ez 7
(7.32+1.78)% , (58.42 +2.78)% . (15. 13 =
1.93)% . (42.36 +2.54)% . (27.53 +2.23)% .
(15.42+1.97)% . SETF AR, BRIA K R
LA IR T e 2 R A S

-

(P<0.05), SRR HUET, M ZERAN L RSP PR
LLFAR R AR S S AL S A U TR
BERR, ZFATRIFE (P <0.05), HHiZEAK
PR HCA, SNIEE BRI ) i 4R Bl i S 2R
A TR B R, E R A SR E (P <
0.05) R 2H -5 HUAEORFALH R e S 4L 2 i
TR ZE R G2 (P >0.05) o FE#E S
DRPERRZLZGRR N, SNEPEARZLZRAR  rp )i 2
R BT CH L PP A 8] TR S AR A, 4L ) T L
BRESPIAGEH R (P<0.05) . WA 1,

K2 6 HARKRTFABRILLE

Tab.2 Comparison of exploration platforms of rats in the

six groups (x xs)
ik n FHTFERE BRYEEE/(em s
RFARY 12 8.94+1.13 28.76 £1.41

PRI 12 3.02+0.63" 23.42 £0.61°
HZERAAA 12 7.56+1.06" 27.36 +1.03"
INBHERA ZACHEA 12 4.52+0.78% 24.07 £0.76"
SNEVERRLT Z PRI 12 6,11 £0.86" 25.13 0. 83
SMNEVERRA Z R 12 7.53 £1.03"% 27.24 £0.97"

T SR TARULEEP <0.05; SHAH LEP <0. 05; 5 3K A4 L
BE°P <0. 05 5 S AN IR ZACH AL AP <0. 05 5 5 AN IR Z )
H#P <0.05,

A BT BRI 5 C o ZERANAL 3 D - SMIRPE IR 2D SR L2 5 B - SNV RR LT K ol s F . SN I 2 3 R 2L

E1 6 AXRiBSAAPMAAETIEMR( TUNEL %, x400)

Fig.1 Apoptosis in hippocampus of rats in the six groups( TUNEL, x400)
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2.4 6 AXRiBEHALAH p-JAK2, p-STAT3 Bcl-2
FEARZKFRER 4PRILE3 A2, 5HEFAR
2 He A BRI 2 K R S 41 21 p-JAK2  p-STAT3 |
Bel-2 3 kK -3 W 35 Th g, 22 A it o i X
(P<0.05), SRIBIA] AT, 2K P 20 A AP
FEZTZRAR  rb i 7R i 2K BT Eh 41 20 p-JAK2 | p-
STAT3 \Bel-2 ik /K44 1 5 BRI, 26 7 A Ge it
(P <0.05), 5HuFERMA LB, SMEPERB AL
AR AR ALK R S 41 41 H p-JAK2 (p-STAT3
Bel2 RIKAKFH B E TR, ZRARITFEX
(P<0.05) o SMEAEIBLTE R 2 5 3 2K P 2
S BUHE T 2401 p-JAK2 \p-STAT3 , Bel 2 33k 7k
W ZESF IS X (P >0.05) o BE&HSMETEMH
CLEFNRIG I, SR IR LT 2 A rh L R 4] K R
2 21 rp p-JAK2 (p-STAT3 | Bel-2 A /KF- 23
R, LR T LU 28 e A GE it i (P <
0.05),

&3 6 HRRiBDAL D p-JAK2,p-STAT3 Bel-2 EH %
priya 4%

Tab.3 Expression of p-JAK2,p-STAT3 and Bcl-2 protein

in hippocampus of rats in the six groups (xxs)
4 n pJAK2 p-STAT3 Bl-2
BTFA4 5 0.28+0.03 0.42£0.04 0.21+0.01
Sk 5 0.92£0.08° 1.15£0. 12 0.98£0.10°
AR 50.320.03 0.52+0.05>  0.40£0.03"
SMEMEIR R 5 0.73£0.07°  0.94£0.09*  0.79£0.08™
SMEHZZFREA 5 0.54£0.06"7  0.73£0.07°¢  0.59£0.06"
SMEMEZREREA 5 0.34£0.04%  0.51£0.05"  0.38£0.06™

H SRFARLILEP <0.05; SHAYHE P <0.05; 51 %
KIS P <0. 055 5 MEEE 20 RARF 4T AP <0. 055 5
HMEPERRZLER i) i 21 H L P < 0. 05,

1 2 3 4 5 6
p-JAK2 —
p-STAT3 e — — ———
Bel-2 ESE——. — —

GAPDH s s s sy s s

LABTARL 2 BRI 53 My FEK AN 2 54 - MR IR 2T 3R 40
5 MM RRLT R R B 56 AN S R R A

E2 6 HAARBEIELAS p-JAK2,p-STAT3 #1 Bcl-2 7
HJ 3R 1% ( Western blot)

Fig.2 Expression of p-JAK2,p-STAT3 and Bcl-2 protein

in hippocampus of rats in the six groups( Western blot)
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BE A RERAT , inicAZ J108GR (i3 sh Ui RE M2 2
RE IR 2 B e MR F . L, R T
B R IR YT e i AP A 1 HL A B

AT 220 2L sh W AR I I A 28 7= 1, W5 i
N BLL R AP & U PUEL Pt
JHT- % Z R 2 BT RETY . MIRELES 251 fif 57 %
B, NIRRT 2R A 58 G0 21 20 i 484 527 P 455 44 4
V5o TiBe O prge ], ANEE I AT R RE S IR 2
P Sl R R A, R A B A AU R B
e i BT F I, AR R 21 2% RE % I % B L
RS 8 42 R B A 2 4 B T, e gl ot Bl A2 A
W 2R R Ve . ADIN 251 B 5y 01, SM
PEARLT 25 7R 5% 43 B RGO 3 s B 2 B0 1 40
By BT A R o SR, B0 2850 e o, S i
A5 K AT B S At 22 0 U T ) 5 ) o A
WARIE

ARWFFEAE R R, SRR A LA, i ZE R FA LT A
AN R LT ZEAIG Lrfr L vo 0)  2 K BRad lk v s AR B )
ERL, TR B RR T G BRI
hZH S 4 LA T 3 S BRI S b RPN LA
HMIEPERBLT A | v 790 5 20 A R Al ke v AR B ) g 3
FE  ZEHOT- B IRE SR FR T 5 3 1 W 25 R AT
L2 2P A A T % 2 T AN LT R
F B2 R 5 ZE AT 2 L A ol VR R s ) 2
V- BB IR R 6 00 R DL B 21 29 H 20 i
ToREFITOG I 2438 35 HLRE A SN M IR 21 5]
SN, AN IR LT 2 AR R AR K R A B[]
SR BRIl SR TR AR o (1) 2 0 S B 4, 2RO B B
PRET- 6B S g A S b A g TR
PR B 2L IR G LA 22 S e R
DL  SNIRE E 2T 25 Al % vl 25 B ol ol S 1
540 K SRR TA N T g, 400 i ¥ 5 2 28 v 41 A
T2, HHEA —2 iR o

HMIEPE AR 2T 25 REAE I 1 1 5 40 M T, (R LA
AIVE I BL R R 52 4 BB . JAK2 | STAT3 | Bel-2 J2&
S YR T2 UIAH 1 8 (1, JAK2/STAT3/Bel-2 i
FEAEANM R T R B RS EEAE M. AR
N, BRZTZ AT T I T8 R A KT, B8 Bel-2 1
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P, 34K Bel-2/Bax FUE, 78 BRI PR 1 o0 7 v il
FUIEZTIR). B D 8 Sl = Tl 1/ 31 I B - £
JAK2/STAT3/Bel-2 {5538 H 3% M , B 40 .0 L
AMET . SR R BRI, B JAK2 &
HorF SR 2R G G, BB 175 T 2 1R AN
JAK2 B 1k, 1% fb 1 JAK2 4> FREf 15 S T iEm
STAT3 KA BRIk, STAT3 4 1 Ak I i A 21 240 i A%
PSS S ) A IE TR BT -8 A Bel-2 £
ik ARG TR, SHIAL L, M ZER A A
AN IR ZL AR e R R 2K B Y
p-JAK2 \p-STAT3 Bel-2 35 H R iAK VW ERL 5
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