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[ Abstract | Objective: To investigate the effects of salt-inducible kinase 2 (SIK2) on
energy metabolism in rats with cerebral ischemia-reperfusion. Methods: Adult SD male
rats (240-260 g) were divided into 5 groups: sham group, ischemia group, reperfusion
group, adenovirus no-load group, and SIK2 overexpression group with 5 animals in each
group. The middle cerebral artery occlusion (MCAO) was induced with the modified Zea-
Longa line thrombus method to establish the cerebral ischemia reperfusion model. Eight
days before the MCAO, SIK2 overexpression was induced by injecting 7 pL. adenovirus in
the right ventricle, then MCAO was performed for 2 h, followed by reperfusion 24 h. HE
staining was used to observe the pathological changes of cerebral tissue in rats; TTC
staining was used to observe the volume of cerebral infarct. The levels of adenosine
triphosphate (ATP) and adenosine diphosphate (ADP) in rat brain tissue were detected by
ELISA; the levels of SIK2 and hypoxia-inducible factor lae (HIF-1a) in the rat brain
tissues were detected by RT-qPCR and Western blotting. Results: Compared with the
sham group, SIK2 level was decreased in the ischemia group, and it was further declined
in the reperfusion group (P<0.05). Compared with the sham group and ischemic group, the
pathological injury in reperfusion group were more severe, and the infarct size was larger;
compared with the reperfusion group and adenovirus no-load group, the pathological
injury of the SIK2 overexpression group was milder, and the infarct size is less. Compared
with the sharn group, HIF-1la was increased in both ischemia group and reperfusion
group, especially in ischemia group (all P<0.05); HIF-1a level in the SIK2 overexpression
group was higher than that in the reperfusion group and adenovirus no-load group (all
P<0.05). ATP level in ischemia group and reperfusion group was lower than that in the
sham group, and the reperfusion group decreased more significantly than the ischemia
group (P<0.05); ADP content was increased in the ischemia and reperfusion group, and
the ADP content in reperfusion group was significantly higher than that in the ischemia
group (P<0.05). ATP level in the SIK2 overexpression group was higher than that in the
reperfusion group and adenovirus no-load group (all P<0.05), and ADP was decreased in
the SIK2 overexpression group (all P<0.05). Conclusion: SIK2 can up-regulate the ATP

level and down-regulate the ADP level in rat brain tissue and alleviate cerebral ischemia-
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reperfusion injury by increase the level of HIF-1a.
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[ 45B8IE ] A3 =482 (adenosine triphosphate , ATP) ; B ¥ =82 (adenosine dipho-
sphate, ADP) ; 3k % 5% (salt-inducible kinase,SIK) ; AMP# 189 % & 8 B ( AMP-acti-
vated protein kinase, AMPK) ; 8t 2.3% 5 B -F (hypoxia-inducible factor, HIF) ; f2 /& P & 4
K B F (vascular endothelial growth factor, VEGF) ; % &-B4#4% B (polymerase chain
reaction, PCR) ; X i " ) Bk#t % (middle cerebral artery occlusion, MCAO) ; < AA5—47
21 (hematoxylin and eosin, HE) ; 4t = 3 K v 5, # (triphenyl tetrazolium chloride,
TTC) ; 34t % 9% 3T i % (radioimmunoprecipitation assay, RIPA) ; 3% ¥ 3 &2 Bt #. (phenyl-
methylsulfonyl fluoride, PMSF) ;43 4£ RNA (messenger RNA , mRNA ) ; g 8% %, 7% "R 3K 3

(enzyme linked immunosorbent assay, ELISA)

VA ATAST R R AE 0 LR FE M — A
Syt E I % 0l BT 0L F LR 5
Sy B B R LA W SN L X —
B0 ST AR T e N P 5 (M | B
Y R B AL RE R I B R
TR AR RGBS HRTHER
TIE SRR 1 % 2 5 2 g B AR iR RS SEAL R
WA LR E T R R L A
AP A B S, e 2 B B2 AR 1
ZEMRITAE, ML EDLAN T &
Y F=A: ATPIME—35 BT . ATP AWK N B 1
PERORE SRR, T K A A B ADP RIS RECRE

SIK f&&—Fh AMPK S 1) 22 2 12 / 93 s R B
W . AMPK AR IRE s (L R ST AL s | 7T
AT LR AL RE ST IR, SR A A 2
5 2 1 3 255 2 R A% | 3 5t Ui > ATP 1 6 53 7
S 24k 3% g i T, 2 A0 3 A AR b ) Y
JF 0, SIK2 F AMPK A LA FE 6] (T e 4
IO BRI B U A A B 1 T |, $27 STK2
TREEA 5 AMPK 25 Thae ™, HRTEFS &
PR, SIK 7 RE s A 20 M A A g 45 Jr i A
FIVER . SIK2: i 1815 8 o B 5 £ Ak s
WA K - , 76 200 B I W A S ol R o 2 4
FEAEA, A SIK2 % 407 5 A R AR 9
VEFIERAE T 3 AR . HIF- 1o mT Va4 FohRa 40
(9 PR LA e I 45 AR 1, 3R 0T LA A0 VEGF 1%
5 AR BRI S M TR HIF-1aid

AT VE B T RN, R AR , T R A A R
Ak, I8k ST AL A A AR DG L 2T A g
AR RE R T E LER, AFRHEE T SIK2
T R R SR I PV 3 T I o R A A DG I S
HIF-1aZRIKMI5ZIA , 704 1 SIK2 ik 5 HE Gl
AR AL 22 [R] IR R, M I DR i A B 58 IR 97 $ it
5%,

1 #ME5EFE

1.1 SEEshy) fe o

4~6 Jii] Iy 1) SDEFE: R B FR A V0 T K S A 4
ARA PR A HEHE[ SCXK (1)2019-0014 1, ArF K
BOH KOG SR LA, IEW K, AR ETE
240~260 g, 4EF5 525 °C, 1B 60%~70%., ANSE
YO AEREFE B BEsh Y IR SRR L s B T
AT,

KEBEHL N S, B4 5 R OF AR X IR .
A3 M A AN R BI fx HE A L B ifn.2 ho/ P
T QOB MR A B2 b5 FFEE 24 h; DR
WS A IR A AR B I E 8 dJE ik
M2 h T 24 h; ®SIK2 11 2384 . SIK2 1 3k
P BE AR AR BRAT I %8 df5 ki 2 h P
24 h, WP KBRI2 WG AT =AM K T 243 B
T3 B P R | Bk AR T R R T
PIHERR
1.2 FEE

AS Gk 2 Ry A6 5t v VB AT BR A B



K, AR RIS X e P T K U2 2L R A R S - 355 -

HARR GO AP G oA R E R
B2 D= 0 3 /N2 SE BB IR STK2 (PA1-41208)
A2 E ThermoFisher ScientificZy 6725 ; Hu B
T REHUAHT HIF-10(bs-20399R ) b 5 18 B8 27 21
WA BRA A7 s S 2 S RESUAR LB -actin
(BLOOSB) A& 18 & A R A BR A w77 il 5 K
SUATP ELISA R & (m1460314) 4 b EE )
BHEARA A6 KELADP ELISA 7 &
(N06210) K it TS0 A R A E =i 519k
TR A TAY) TR (i) e A R F) 58 15 AR
R RE AL IR M DU A Rk (I ) AT BR AN ]
G RNAY L DO i PCRAY CFX96Touch
AKX MF-10 b2 RGBS R ge 3 R 55
[ BIO-RAD A Rl 7™ i s Z DI RE BRI 2B 40 F
AR () A BRA R .
1.3 ##7 MCAO K FUS A

KEREEES~10 hJi , I I 5 10%7K A S
(0.3~0. 5 mL/100 g) BREE , SR AR [ 2 T iR
BUR . SRR Zea-Longa 2 M 0 gups 43
B RTINS, SN RSP sl ; S8 h s bk i —
VI, 2t b A A S0 S ik ; Ui B3 S8 sl ik, 4%
Rl A S Sk i B B bnic Al , [ e gk
HEH K. 2 ha xR BRI A 2505y . KERAT
IR, JCZ D REHASUAE IR A 043 ; 412 )8 i ke it
AR i AN B 58 A EL R 143 5 45 s [ 5t o A
XPAMG 5 kg 2 473 3 A7 A HsF 1o SR 0 %00 B2 39 S e £ 7
J935%  RREE ST RS BTk 4
{H.2~3 57 WEA T . P Zets , JFURTHEE . 24 h
Je WU, —80 CURFEER 4% 2 B IR
1.4 RN RIAEIA

MCAO I H] 45 Fif 8 d, PeHL245~255 g KR,
2 s SRR P S R R PRI B B . TR A R
BYTF Sk B T BhIE 2 R PR o A G ST A e Ao
ASCR A A i 000 i 2 5 A7, LA T 1K1 A B A, s
1 mm, #7055 FF2 mm , T E 7] F4. 5 mm, fLJ5 Fl
FHRCR VS 28 218 T S IR 327 wL(10~15 min) ,
FBEPS min)FiRE THEF. 485k, 5 g s HE
THEE, 55 8 RS FFUR T MCAO IR,
1.5 HE Gt 5K U ZH 2 B2 i 2s

PRI A L 4% 2 RBP4 b5
AT A IR Ryt MK . w3 i 20
21 2822 AR YITT , 8 B A i 4 2200 K
e SRS 7 1S AN P bR 3 R U ST X B S e

UL R 2~3 mm (B JART) , A4 A S
IR 5 A3 1] FH A ALK B K 5 4 20 2B i B
# AU A 10 pm BEEHLY) FEDI BI85 R E
5 wmEFEAG YT Je RIS B S B HE QL 4y
I o 25 240 BV 200 L T3 0 4 A 4 i 2T £
o, R ICE S s B R T SR A i 45 )
KBS HRAs
1.6 TTCYLAMEK BN A 2 AL 1A

YU i ik 20 21 A5 08 AN W i ok T 1
Je 7 A—20 °CYKA H130 min, BL i 0. 5%~2% TTC
YU (A (BLID ) RE AFR U, VERGREYE , SR J5 1 i 2
LU R VT 2~3 mm R B (RS B, G E
T TTCH W, 37 °C R 7K =X A 1E IR K A $4
15 min, FEEGEH L] T YRS — 5L i 7
] AR — TR Bt — N H R I, B 25 o s B i
HAVE T 4% W R e 5 2 R .
F FH TmageJ 2440 2 4542 1 I FESEAR N, 13
AR HEAAAR , BRIV A AR =2 OO i 28 2 AR~
SR ARFEICARFR) o i — SRR E 4y
E, B SEARFE 0 b = o A5 AR R/ 6T 0 fii £ 28
RFX100%.
1.7 E&PCRKM SIK2 A HIF-1oo mRNA A5

PEIUAT ik B oA 8 v DX i 2H 2 S A% %
%, I AGE fE TRIzol (1 mL/50~100 mgfiliZH %) ,
FE J O BV R, I A 254045 (200 wL/1 mL
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Figure 1 Electrophoretogram of SIK2 expression in
brain tissues of sham group, ischemia group

and ischemia-reperfusion group
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Table 1 Comparison of SIK2 levels among brain tissues of

sham group, ischemia group and ischemia-

reperfusion group

(x£s)

EE | n mRNA EOH
FARNTHRLL 4 0.73£0.09 0.98 £0. 05
e i Xk HE 2 4 0.58%0.05 0.96 0. 04
S 1 PR T 2 4 0.46+0.10°  0.85%0.02"%

ST ARG &S, P<0. 05; 5 Bl e BR4H HeAs, *P<0. 05.
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Figure 2 HE staining of brain tissues in each groups
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Table 2 The level of HIF-1a in ischemia and reperfusion
rats

(¥ +s)

4 5l n mRNA # A
FARXT I 5 0.92+0.11 0.77+0. 10
{11 ok HE £ 5 1.29£0.62" 1.00 £0. 00"
(e iy P v A 5 1.03 0. 10* 0. 86 £ 0. 08*

SFARITIRLLILE, P<0. 05; 5k % BELH L E, *P<0. 05.

R 3 HhE IR D B PR BURZE U SR
BT T 1ok ik B 152
Table 3 The level of HIF-law in ischemic-reperfusion rat
brain tissue with SIK2 overexpression

(¥ £5)
4 5 n mRNA M
S I P T 2 5 0.92+0. 14 0.73 0. 09
st i 5 1.00£0.07 0.75+0. 08
SIK23d ikl 5 1.27+0.07*  1.00+0.09™

S TR AL R, TP<0. 055 5 MR RS 4l AR
*p<0. 05.



- 358 - WHT R 2 (BE24RR) Journal of Zhejiang University(Medical Sciences )

e 2

o s

FARXHEL N2 2

e FHIETEAL

NN

TR s SIK 213 #eik4

AU (5 IE R IYZL 6, TOREFUAL ; Sl BRI SURF A 1 O REFEAL , TR/ L PP T 2 i 2 20 B S Y

I EAEFELE EL T AR ; B e 23 RN A 20U W i) 1 R AEE EL TR ; STK 25 3Rk 4 HH B (RBAE L, IARE . £L 6 IE

1. EANETUPLE AL 2TdRe
3 HAMGHZUIENRE O L

Figure 3 Infarction of brain tissues in each group
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Figure 4 Electro phoretogram of HIF-1ow expression in
each group
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Table 4 The content of ATP and ADP in brain tissues of

each group
(¥ +5,nmol/L)

45 n IR = wR JRFE W
FARXEH 5 6187 =306 0.98%0. 14
il x B ZH 5 5877 + 244 2.08%1.18
BUNFAHEEH 5 5122 +233™ 7.38+3.25™
MpRrEasEa 5 5491 =295 7.08%2.45
SIK2id Rk 5 7296 + 21444 0.58 +0.28%4

HFARX B AL, P<0. 05, 5 X FELH L, "P<0. 055 55

T PR TR e, 2 P<0. 05 S B2 241 s, 4 P<0). 05.

rh SIK2 R S0 ik 20 21 HIF-1a i %35 & ATP ADP
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