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Effect of altitude hypoxia on blood-brain barrier after subarachnoid
hemorrhage based on phosphatidylinositol 3-kinase/
protein kinase B/nuclear factor kB pathway in rats

WEI Yan-na, WANG Feng-cun, MA Xiang-lian, SUO Tian-sha, CHEN Sheng,

WANG Lan-gui, SUN Juan * | ZHAO Xiu-li *
( Department of Neurology , Qinghai University Affiliated Hospital, Xining 810001, China)

[ Abstract] Objective To investigate the effect of plateau hypoxia on the blood-brain barrier after subarachnoid
hemorrhage (SAH) in rats. Methods Adult male SD rats (n=78) were randomly divided into 4 groups: sham group
(sham) , SAH model group (SAH), plateau hypoxia sham group (Hp sham) and plateau hypoxia SAH model group (Hp
SAH). The rat model of plateau hypoxia was established through low-pressure simulation chamber (altitude 5000 m) , and

[WisEMA]  2022-10-17 [f&EEAH] 2022-11-25

[E€TH] HilEd 8RR HES (2020-2]-9480Q)

[MEEEN]  BHEUE(1995—) , & (DUK) ,BepiE Ko E N St A,
# i HHAEH (To whom correspondence should be addressed)

E-mail; sunjuan_128@ 163.com  Tel:0971(3921581)

E-mail ; zhaoxl6@ aliyun.com Tel: 0971(3921581)



Vol.54,No.2

the SAH model was established by endovascular perforation method. At 24 hours after SAH, neurobehavior score and SAH
grade were assessed. The morphological changes of neurons and apoptosis of nerve cells in the CA1 region of hippocampal
were observed by the staining of Nissl and TUNEL. The expression of phosphorylated PI3K ( p-PI3K ), PI3K,
phosphorylated Akt ( p-Akt), Akt, phosphorylated nuclear factor kB ( p-NF-kB), NF-kB, matrix metalloproteinase-9
(MMP-9) , occludin and claudin-5 in hippocampal were detected by the method of Western blotting. The expression of
occludin and claudin-5 proteins in the CA1 region of hippocampal were observed by immunofluorescent staining. Results

At 24 hours after SAH, the neurobehavior score decreased significantly and SAH grade increased significantly in the SAH
and Hp SAH group (P< 0.05). Neurobehavior score decreased significantly in the Hp SAH group compared with the SAH
group (P< 0.05). In the SAH group, neurons in the CAl region of hippocampus were atrophied and deformed, the
arrangement were disordered, the number of neurons decreased significantly, and the apoptosis of nerve cells increased
significantly (P< 0. 05). Plateau hypoxia could aggravate the morphological damage of neurons and apoptosis of nerve cells.
The expression of p-PI3K/PI3K, p-Akt/Akt, occludin and claudin-5 proteins decreased significantly, while the expression
of p-NF-kB/NF-kB and MMP-9 proteins increased significantly in the SAH and Hp SAH group (P< 0. 05). The expression
of p-PI3K/PI3K and MMP-9 proteins increased significantly in Hp SAH group compared with the SAH group. The
expression of claudin-5 protein increased significantly in Hp sham group compared with the sham group (P<0.05).
Immunofluorescent staining showed that the expression of occludin and claudin-5 proteins in the CA1 region of hippocampus

decreased in the SAH group. Plateau hypoxia could further decreased the expression of occludin and claudin-5 proteins.
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Conclusion
inhibiting PI3K/Akt/NF-kB pathway.
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Wk PO T J g R 1) — PR 25 B AR SAH 1) & 5 364X
A 5% ~ 7% AHHFE T AR BUR 5, UG
W2t e U NI A BRI A A R M 4
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XS FR s (4) MIBRSESS . 1 4 ANREIE |52 43 2
B3 o3 L HBENE (5) WO B A figh 0 G 52 6
153 ZEMITCION 52 43 A2 SOy 55 T4 53 432
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2.4 Nissl Y%, SAH J5 24 h, B4 HH 5 Rk
B, AR R Rk R, 28 F Sk T 4%
ZBEHEE PBS(0. 1 mol/L, pH 7.2) , BUH K B 2H
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KWK UL 2 LR A8 SURFL Sk A4 p 8 R W i A 7
TRV A, OCT A3 )5, ¥ % U1 A ML ( Leica CM
1950) il V5 7 ¥ T 4 ZUBT T G U1 R (JBE 20 wm) L #4
BHY BT 288K P 5 min; Nissl Je 3% (b5
FRER A BRAF, G1430) 37 CIRAEHH
30 min; BB EE S BEMLAK, 2R IE W], b Pk R R
5, Olympus X71 5 A RGWET T4 -,

2.5 TUNEL 4t . 5 B2l 2003 % V) 4T TUNEL
Yot WIRYIF B T28487KH 5 min, 4% 22 3 H ¢ &
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2.6 Western blotting ¥zl . SAH J5 24 h, %20 53 %]
6 AR, & Bk ik mEe)s , shibn k5 tad -+
UK G S 40 B TR UKAR (80 C) - 17,
BCA I & 8 vk B2 AR 40 3 1 B B 53 19 40
B E RIS 4 CUKFER G A A B i
FEHLUKACFLTK - FH R 80 V.30 min J& , 3¢ 8 1 454 ML
T3 B IR A e 1) 22 B R R E L fE
120V .1 h, LIk SE BT , ¥ B 2] PVDF i I, 7% i 5%
EE . 200 mA (120 min; 5% i IE 075k 28 164 PR
H M 50 min; B F — P PR KB R L PI3K
( phosphor PI3K, p-PI3K) %ﬁf&%jﬁﬁi( 1:2000, Cell
Signaling Technology /A Fl, #4228 ) , ¥t K f PI3K
PRATTREHIIAR (1:2000, Cell Signaling Technology /A /],
#4257) , BT KRR IE Akt( phosphor Akt, p-Akt)
PRATTREHTIAR(1:1000, Cell Signaling Technology /A /],
#4060) , Pt KB Akt B 5L BEHTIAR (121000, Cell
Signaling Technology /A F] , #4691) , fe ¥t K BB R 1k
NF-kB ( phosphor NF-kB, p-NF-kB) H. 5% [ Pt K
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(1:2000, Cell Signaling Technology 2 7] ,#3033) , %
PR B NF-«B 50 BB (1 :2000, Cell Signaling
Technology /Nl , #8242) , St K L MMP-9 B 7¢ [
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1 h &, i 2Eg T 286 —Hi(1:200, SA00003-2,
Proteintech 23 7] ) EIRHEHEHFE 1 h,0. 01 mol/L PBS
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KN INRETE I 2 F B, v R & nT DL atE— 25
FEAR A B SAH B J5 2 DR IT47
2. Wi =B ETES
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Bl 1B, 2A, Z5F WoR, Wk BT s I 5 B 43 A 7E
Willis FRFIHE N IK + J& Bl ; SAH 25 sham 4H HLAR,
Hp SAH Yy Hp sham zﬂthﬁ,tﬂm%%ﬁﬂ%,ﬁ
S HEAG#E L (P< 0.05) ;1 Hp SAH 5 SAH
ZH PeA, i AR 25 R O A (P > 0.05) , 2
7R SAH 4 % Hp SAH ZH RS /R i 2
3. Nissl &

SAH J5 24 h, 221K Nissl Y2 (o255 ULE 2B1 ~
204, AT A R WLE 34, 455K 7R, sham 4]
KRG 2040 CAL X 2 JuHES) 4 55, 40 i A i
I3, JL 5 PN JE ER AR e (0 35 0, SAHL 4 K B i 2 21 231
CAl XMLICESR I HEFN AL, I R R4
JCHRE (P<0.05) ;Hp sham 205 sham 2 HL#¢, KR
M4 CAl KMETUIE R ESHDIY, #h 4ot
W TR, 22 R BA G0 2% 5 L (P<0.05) ;1 Hp
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A MAIIREEIESy; B ™ AR SAH 415 sham 41 HLES,# P < 0.05; Hp SAH 205 Hp sham 41t
., % P < 0.05; Hp sham 415 sham 2 Lb# 52 Hp SAH 415 SAH 41 L4, AP < 0. 05

Fig.1 The score of neurobehavior and SAH grade

A, Neurobehavior score; B, SAH grade; SAH group vs sham group, #P < 0.05; Hp SAH group vs Hp sham group,

# P < 0.05; Hp sham group vs sham group, Hp SAH group vs SAH group, AP < 0.05
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ZE-ill.m / 2 F l Zl)lm ll_lLun / 2 F3
BRFRA BRA FRRBEBETARA R R
sham SAH Hp sham Hp SAH

B2 URFRASUEE  Nissl B TUNEL Qe (A5 st i

A RAENIZE , sham 21 (A1) Tl Hp sham 2 (A3) HPORWER B i BE DL, SAH 41 (A2) F1 Hp SAH 41 (A4) WZEF M &L ; BI~C4.
Nissl 44{f; B1~B4. $r/R 80 wm; C1~C4. #3/U/R 20 wm; D1~D4. TUNEL (0, #RUR 20 m, &3k BT H8 AT T- 400 ; Sham
YL H2H ST CAL XM ZOCHES VRS S, AT 3] , 18 DU Ah 22 A0 ML U T2, SAHL A M 22 0 22 47 08, RS ZE AL, i BLK & i 22 T ik
KRNI T Hp sham M Hp SAH 2 M ZICIB 4780, ph2 se AU MHESI ZE L, Ph 2y Boas WY I, i 22 40 8 = 1A
I B~ P4 ARG B RUR 20 wm, 57k T8 A FHPEAIME ; E1~E4. Occludin & A FEIE; F1~F4. Claudin-5 & F )
221k Sham 4K BRI L CA1 XA K occludin  claudin-5 2 [133K , SAH  Hp sham & Hp SAH 415 sham 41 H3% , g Th 41 21
CA1 X occludin claudin-5 2 [ 3235 1 . T [

Fig.2  Skull base observation, Nissl staining, TUNEL staining and immunofluorescent staining

A, General observation; There were no blood clots in the Sham group (A1) and Hp sham group ( A3) , meanwhile the blood clots were
observed in the SAH group (A2) and Hp SAH group ( A4); B1-C4, Nissl staining; B1-B4, Bar=80 wm; C1-C4, Bar=20 pum; D1-
D4, TUNEL staining, Bar=20 pum, the arrows indicate apoptotic cells; In the sham group, neurons in the CA1l region of the
hippocampus were neatly arranged, with large and round cells and occasional neuronal apoptosis; While in the SAH group, neurons
were atrophied and deformed, with disorganized arrangement and numbers of neuronal deletions and nerve cells apoptosis; In the Hp
sham and Hp SAH groups, neuronal morphology was atrophied and deformed, the arrangement was disordered, the number of neurons
were significantly decreased and the apoptosis of nerve cells was significantly increased; E1-F4, Immunofluorescent staining, Bar=
20 pm, the arrow indicates positive cell; E1-E4, Expression of occludin protein; F1-F4, Expression of claudin protein; In the sham
group, a large number of occludin and claudin-5 proteins expressed in the CA1 region of hippocampal tissue; While the expression of
occludin and claudin-5 proteins in the CA1 region of hippocampal tissue decreased significantly in the SAH group, Hp sham group and

Hp SAH group compared with the sham group

SAH 40 5 SAH 4 LbA%, & A Es 2500, # 2D1~2D4, MR i T30 G245 9 0 3B, 458 10

ZonfuR it — L TR, 7N, sham 41K U T2 20 CAT DX {H U0 4o 48 440 it oA
4. TUNEL #:f T2, 1M SAH 20 28 20 i 8 T~ BH 8 7+ =5 (P< 0.05) ,

SAH J5 24 h, & 20 K TUNEL 4258 W& Hp sham 41K R 4141 CA1 X 20 20 il 4 T 4%
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sham T+ 5, (H 22 55 TG0 1122 3, 1 Hp SAH 41
55 Hp sham J¢ SAH 20 03, 1 SHZH 40 CAT X Z8 4
MO T BT, Z R A G E L (P< 0.05),
50U, SAH J5 24 h, K S 4140 CAT X L
P2 2R R T T v i R AR R 8 0 K BT S 2 4
CA1 XA Z4NpEIH T,
5. Western blotting

SAH Ji7 24 h, Western blotting 61l £% 26 K B i
e 41 p-PI3K/PI3K , p-Akt/ Akt , p-NF-kB/NF-kB .
MMP-9 .occludin . claudin-5 & A FE L, 45 R WK 4,
45K SAH 205 sham 2H b # M2 Hp SAH 41 5
Hp sham 4 Fb %%, p-PI3K/PI3K | p-Akt/ Akt , occludin
J claudin-5 £& 1 19 2235 B . F %, p-NF-kB/NF-kB
I MMP-9 A MREINEF &, ZREA%IT¥E
X (P< 0.05);Hp sham #15 sham 4 L 32, p-Akt/
Akt BYZE35 B PR, claudin-5 2K 14 f9 2 i% B 5 T
L 22 BA G L (P<0.05) ;Hp SAH Y5
SAH 4 I# , p-PI3K/PI3K \MMP-9 & [ 1y F ik B i
T, ZRBEASI#E L (P<0.05),
6. BRWHLEE

SAH 524 h, &4 K BR#ESHHL CAl X
occludin 1 claudin-5 & [ He 9% o )G 44 €4 25 5 0
Kl 2E1~2F4, FHPEAIMIEES R ILIE 5A 5B, 4R
7, sham 20 K BRI S 2H 4 CA1 XA KiE occludin |
claudin-5 & 13315, Hp sham 215 sham 4 Hb %8, K
SRS 2H 21 CAL X occludin . claudin-5 25 H 2 ik Bl
HRFE(P<0.05),SAH #H 5 sham #1 M4 & Hp
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Fig.3 Number of neurons and nerve apoptosis

A ,Number of neurons; B, Number of nerve apoptosis; SAH group vs sham group,#P < 0.05; Hp SAH group vs Hp

sham group, * P < 0.05; Hp sham group vs sham group, Hp SAH group vs SAH group, AP < 0.05
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4  Western blotting 4%

A. PBK BAMEL; B. Akt HEAMFEIE; C. NF-«B EAMEIL; D. MMP-9 EHWFEIA; E. Occludin A KIFEL; F. Claudin-5 & H
M3k, 1LEAFRAE,; 2.4 SAH 45 sham 4 H# ,#P< 0.05; Hp SAH 205 Hp sham 41 H 3L, * P<0.05; Hp sham 215 sham

B K Hp SAH 415 SAH 41H%¢, AP<0. 05
Fig.4 Results of Western Blotting

A, The expression of PI3K protein; B, The expression of Akt protein;

C, The expression of NF-kB protein; D, The expression of MMP-9

protein; E, The expression of occludin protein; F, The expression of claudin-5 protein; 1, Protein expression map;2, Statistical chart; SAH

group va sham group, #P<0.05; Hp SAH group vs Hp sham group, * P<0.05; Hp sham group vs sham group, Hp SAH group vs SAH group,

A P<0.05
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5  Occludin F1 claudin-5 25 5 FHH: 20 i %%

A. Occludin 25 FIBHPEAAESL; B. Claudin-5 2 FHPEAIAEAC; SAH 45 sham 2H [LHE # P < 0.05; Hp SAH 445
Hp sham 4 LL#, * P < 0.05; Hp sham 205 sham 41 b4, Hp SAH 415 SAH 41 t%:, AP < 0.05

Fig.5 Occludin and claudin-5 positive cells

A, Occludin positive cells; B, Claudin-5 positive cells; SAH group vs sham group, #P < 0. 05; Hp SAH group vs Hp

sham group, * P < 0.05; Hp sham group vs sham group, Hp SAH group vs SAH group, AP < 0.05
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