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HE . BE RAEA EFHKE (Dex) 34 FL 5 Bk IR =F R 47 4% 25 & 4E (OSAS) K R LAY 2 08 8 %
oy, FEoMEAERIGE, FTiE 45 R SDAERMALEI10 RAEA TR, LA KK EH OSASER, 5 RAREL
e, FIAR30 R K AR A OSASAER FRAML A OSASLE Dex &, KA ELL, H4010 2%, Dexy, &5 &
LA R L ES Dex 2.5.0.5 pg/(kg-d), *REALE OSASULTER Zag AR LR, HLTM4AE, RAMNE
B ] KRR A L. PR R RSAE, AL EIREL ML CAl RREFRE, R
Ko RN KR H DA RAPZTA T, Western blotting 44 BRTFE2MERTF2(NR) /fir & A A1
(HO-1)iB¥%ARXE Gty kik, R HaHRabin, OSASLFEHI1ERHIE S (P <0.05), FHEFIKME
rafe EAR( P <0.05), mILATRIEH(P <0.05), N2, 85 FHF la( HIF-1a) ZHO-15 g3 £k 5
F&E (P <0.05); 5 OSASLLILAR, Dexd. AKFFHFRAIERIR Y (P <0.05), FHRFIKLEI0FEIHZ
(P<0.05), @A REAK(P <0.05), N2, HIF-1a Z HO—1 & &3t & ik FHAK(P <0.05) ;5 5 Dex /&7
FUIEL, Dex & A B A FREASKIOR Y (P <0.05), FH BRI ES0FEFHZH (P <0.05), A B4
(P <0.05), Nrf2, HIF-1la A HO-1& G4 Z ik FHAK(P <0.05), 4518 Dex b4 & OSAS X A FRE 1%
Bt BabAef, Wphli DA 2R T, EAURTAES Nrf2/HO—1 8% % .
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Effect of dexmedetomidine on apoptosis of hippocampal neurons in
rats with obstructive sleep apnea syndrome and its mechanism*

Liu Lin', Qian Long’, Zhao Kai', Zhu jiang'
(1. Department of Anesthesiology, The Second Affiliated Hospital of Soochow University, Suzhou, Jiangsu
215004, China; 2. Department of Anesthesiology, Xuzhou Cancer Hospital, Xuzhou, Jiangsu 221005, China)

Abstract: Objective To investigate the effect of dexmedetomidine (Dex) on the apoptosis of hippocampal
neurons in rats with obstructive sleep apnea syndrome (OSAS), and to analyze its mechanism. Methods Ten of 45
male SD rats were randomly selected as the control group, and the rest of the rats were used to establish the OSAS
models. Five rats died of asphyxiation, and the remaining 30 rats were successfully established as OSAS models and
were randomly divided into OSAS group, and high-dose and low-dose Dex groups, with 10 rats in each group. Rats
in high-dose and low-dose Dex groups were intraperitoneally injected with Dex at a dose of 2.5 pg/(kg-d) and 0.5 pg/
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(kg-d), respectively, while those in the control group and OSAS group were given the same dose of normal saline.

After 4 weeks of continuous intervention, the rats were monitored for apnea, and average and minimum blood

oxygen saturation with a neuromonitor. HE staining was used to observe the pathological changes in the CA1 region

of the hippocampus. Flow cytometry was used to detect the apoptosis of neurons in the hippocampus of the rats.

Western blotting was used to detect the expressions of proteins associated with the nuclear factor erythroid 2-related

factor 2 (Nrf2) / heme oxygenase-1 (HO-1) pathway. Results Compared with the control group, the number of

apnea in the OSAS group increased (P < 0.05), the average and minimum blood oxygen saturation decreased (P <

0.05), the neuronal apoptosis rate increased (P < 0.05), and the protein expressions of Nrf2, hypoxia-inducible factor
1-alpha (HIF-1a) and HO-1 were up-regulated (P < 0.05). Compared with the OSAS group, the number of apnea

decreased (P < 0.05), the average and minimum blood oxygen saturation increased (P < 0.05), the neuronal apoptosis

rate decreased (P < 0.05), and the protein expressions of Nrf2, HIF-1a and HO-1 were down-regulated in the high-

dose and low-dose Dex groups (P < 0.05). Compared with the low-dose Dex group, the number of apnea decreased

(P < 0.05), the average and minimum blood oxygen saturation increased (P < 0.05), the neuronal apoptosis rate

decreased (P < 0.05), and the protein expressions of Nrf2, HIF-1a and HO-1 were down-regulated in the high-dose

Dex groups (P < 0.05). Conclusions Dex can improve apnea and blood oxygen saturation in OSAS rats, and inhibit

the apoptosis of hippocampal neurons. The mechanism may be related to the intervention on Nrf2/HO-1 pathway.

Keywords: obstructive sleep apnea syndrome; dexmedetomidine; hippocampus; neuronal apoptosis; nuclear

factor erythroid 2-related factor 2/heme oxygenase-1 pathway; rat

REL € 4 B HIR PP WG 8T 457 235 45 1iE (obstructive sleep
apnea syndrome, OSAS ) J& & I I Hy T 1 <01 FH 2 |
A BE Sp BOR IR BT A5 i PR R BN AT B 0P 15 g
W45 , 22 N D AE ksl = A 55 . A OSAS
1 T BIL A 1 AN 58 2 T 28 e IR IS A RGBT 459,
5B LAA BRI R R 45, R v M MR R O T DA DK
/A ) B AR o B TR IMILAE 257 O AR B9 R 2R TRt
FHAGIT OSAS A BV R A EEE L. 41554T
Ik 2 ( Dexmedetomidine, Dex ) J&—Fh a2-5 IR K %
PRI, 15 RAE by 42 B BRI P B B L 1R B4R
B2 AR R , Dex Xl 0 LB M 22 5 4R
PR — 5 B R HT, AR D Dex X OSAS f#
AL HA — 2 BRI OSAS i 4
ZUCH PRI T4, SRR, th T 5 CAL
DR 27 I 1R S BURR, B S S M T RE 2
AP T-" . AT Dex 3697 OSAS BYAVE FIHLE] i A1
2T I, AT B AERIT Dex X OSAS K B it 5
M TTI TR, o0 A PP .
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P& ft, 525 B W 2R P2 VF AT HIE S SCXK (5T) 2021
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0012; 52 56 2 #) i FH 34 v 3E 5« SYXK (51 ) 2021-
0063 ; A 5T 28 5 g B2 24 A8 PR 2% 51 2 it e
1.2 FERXFENH

12,1 4 A7 RIEMKOE E SR (BN Il
i B A R W [ 251 H20183220, ALA% < 1 mL:
0.1 mg) .

122 M S H (B P 7 A 25 A FR A

A, B 25 5 H20046693 , FLHE : 15 mg, CAS %5 : 57—
33-0) , B 3 B 5 R 4k (it Bap s T A AR B 4y
AR W, FE AR PE 20153653178, BLA% - 1.0 mL) , #%
F E2 A & A F 2 (nuclear factor erythroid 2-related
factor 2, Nif2) , #t %% § [H T la (hypoxia—inducing
factor 1o, HIF-1a) , Ifil 21 Z A 4 B 1 (heme oxygenase
1, HO-1) X NS RPi R —P L P =il A 578
Abnova 23 #] .

123 AE M (RS NSD-7101, BRIl
T8 7 B BT 5 A A A FR2S /), KBB4
WAL (BS : MouseOX , |1 TR F AL A BR 2
w4 (1S . 202201123, 5 E BD 24 A ),
HL PR ASCHL P (55 . KEEBIO-600N , | 7 4 i 43 A1 A%
A RATD

1.3 FHik

131 KRAS;ABABR G H 45 H SD i R BE L
TEHL 10 HAE S X5 BRZH AR K RS il OSAS BEAL
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KR s 1 5 2% 1 B BL 2 SRR I 181 5, ) o
FTIF R BT i, 2 @ W I B 1 O B J5R 1R 1
RSN AN EZ O VAR Dk CESAGIE DN EXS N
TR AL A5 ST AT UL R R R A . AR R —
BHEGI KRG L, #eE B RHI0T, & UK M
T S sk A v ) s O85BS P R O e R BRL o R
W2 5% 1, 7 B 45 0 S R R A 28 4P Ui 11 B
S AL T A 2 W R BRI ) o 2 KB
2 =X W G Bl GE R, JFAF AR 1 5 A I W T 2R
FRgi> 2.5 s, WK 2 OSAS fi 1A il s oh™, #iH &5
il 2k A 5 H KB A Ry S 9 kS BHL ZE M o, S B B
FETT, Hogx 30 KBRS Y 52 i s 2y, IFBE AL 4k
OSAS ZH J Dex 7 AR A, B2 10 H .

132 sz OSAS R il s Th 5 , AR5 A
59255 3 W) 245 0] e 4 08 AR BT AT BT, Dex 5
5 79 4 0 590 MM 1 5 Dex 2.5.0.5 g/ (kged) , XF
FEZH F OSAS 21 25 7 55 5 1y A= B3 K, 3% 22 T il
4 &,

133 HARE Y TWREBKHE, FHKER
HEAT P R 55 10 R ot A2 A A I, BT A K BRUIE
T 5 2% I3 B LU 22 B RR IR IS AR BT BCHR ik 20 40, B
BT S H 2, Y i 22 IR T A A B 20 Ak
UE LB e AT R R AR B A T, - T A i e T
R o BBCH A ik ZH 2, Ay B LA XM A R 2 1 ~
4 em Ab 1 i 20 21, SBCTEEAR D) T 922 96 T 4% 1k R T
o 2, T 95 AR H - B 21 (hematoxylin—eosin, HE )
et S AIBEAL S B, HCHZE MR 43 16 H 2 21
TR YR YRR AT, TR I A R X R

1.3.4 KEASPFRFIS R A DB o0FE 0 it

2 b PR BRI 1 A A S A 00 g I O A e R
I 48 F R0 B CRLAE P 3 R R A i A ) L Btk
B I G4 U B, WP T R RS> 2.5 s R TR
W 2 B % e i = i T E ) <

135 KRABLALHEZEE B F e 10
L S VRS A R R K, R R O B Ak B Ak P A
(TR By 20 208 T A A AL B [ 0t 2
SUR IR RS pm, RAKE R, TORBE UL
GGy 21 25 B AR

1.3.6 AX@EREN KR AELBRNZTHAT
HF A 21 P2 0 R B T L Ol 1 x 10° > /mL, B 200 L

AN, 43 N 5 WL 2 ehric Bm IR 25 &
K5 WL B EEW e 1R 5T ) L F 20 min, I 5
O JF W E R 2T, A 150 wL PBS Mk ik # & , %
P A0 AR I #p e e P T 0L . A R TR =
R T+ rh g g TR
1.3.7  Western blotting #& ] K & & & 48 28 NF—kB/
HO-1:i % & a6 & ik PR URAA NG S,
I B ) J I A3 e R TR, TR A 05 SRS 3R
N B W AR il T A 2 A R R, R P S g LUK A3
BUEH AW ORI R 4 R,
H 1 h JE 43 3 A Nef2  HIF-1a ,\HO-1 K N 2 —
PO ZH(—H01:500 FBE; — 4 1:1 000 i kS ) , i
OERALE R B E R RS E=HEAK
FE{H/GAPDH JK FEAE , 1T H Y8 F AT R A 5,
1.4 Sit=FiE

O 23 1 R FH SPSS 22.0 i it 4k 4k . TR EEORE
DAIEL = bt 22 (x £ 5) RoR, LW 225007, I
Fo 8 FH LSD-t /586 . P <0.05 N2 R B G5 X

S

FZHEKXRPRE SRR
X HEZH L OSAS 41 | Dex {15 51 2 24 J Dex 15 71 2 41
B W BT 455 B0 501 R (0.91 £ 0.12) K (5.47 =
0.70) K . (3.26 £ 0.41 ) A1 (1.95 +0.28) K , & )y 2%
SN, 22 A Gt 2E 3 X (F =205.923, P =0.000) .
555 B 2H b4, OSAS 4H . Dex fI 7 5 2 M Dex 15 71 i
ZH I I BT A5 R B I (P <0.05) , 5 OSAS 41 [t , Dex
1 A A I I BT 45 B0 2D (P <0.05) 5 5 Dex K71
A EL B, Dex i A A 41 PR U B 45 R Bk e
(P<0.05),
22 FJBAKXRRIHRZROEEGFELE

X HEZH L OSAS 41 | Dex fI% 51 2 240 I Dex e 5] 2 41
KR T 87 B S AU i 48000 S L, 0 2590 T,
S H 43T % 8 X (F =72.320 i1 70.155, ¥ P =
0.000) . 5 X} BR 2 b 45, OSAS 2H | Dex & 7 4 2 K
Dex 75 71) ft 20 - 4 Ko e AR I 420 18 F EE B K (P <
0.05) ;5 OSAS 4 L #5% , Dex iy A7) 20 - 1 K B {1k
I AR A T8 (P <0.05) 5 5 Dex {57 & 41 HL 5%
Dex 7 7] 4t 20 - 24 Ko dme AR 1L 48018 F0 B T i (P <
0.05). W1,

2
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F2AXRFHERRMEIBIELE
(n=10, %, x+s)

=1

popiiEiEl 9537+ 1.75 86.88 +2.11
OSASZH 85.05 2.06"” 74.95 £ 1.67"
Dex I fE 4l 88.64 + 1.737? 7833 +2.0872
Dex 7l 41 93.27 +1.5972% 82.70 + 1.9572%
FH 72.320 70.155
P 0.000 0.000

H o Q5T R, P<0.05; @15 0SAS4 b4, P<0.05; B
5 Dex {FIH41 b3, P<0.05,

23 BHARESSAHLAREZTL

Xf R M2 T S5 R T L e R RS R
FF 3 OSAS ZH i 22 TTARFRG5 /IN , 240 B A% ] 405 5 24648, 20
JiEL 1 5 it 25 L L 20 ) B3 K 5 55 OSAS 4 AR L
Dex & AR £ 28 i 28 S0 ARG i , 40 0 A [ 44l 2L
it 1 BLI D, A0 B AHE S B0 BiE b Dex i A7) 1 20
WeEEH R, WKL,
24 FBAKXRREDALHEZTATHERILR

Xf HEZH L OSAS 41 Dex fIG 7] 5 41 & Dex 2 5 12 21
KRB TC I T2 5350 R (16.15 £ 1.96) % . (41.08 +
4.26)% . (31.75£3.58) % F1(23.80 £ 2.49) % , 28 J5 2%
30T, 25 5 A Gt L (F =181.238, P=0.000) .
550 HRZH A8, OSAS 41 Dex % 51 47 20 % Dex #5 7) t

papilckaEl OSAS4H
&1

BAEXRBEDEARET A

ZH 40 M P T2 R TH B (P <0.05) 5 5 OSAS 4H H 45, Dex
e AV 2 2 4 L T 3R R (P <0.05) 5 5 Dex IG5
2 A, Dex i 791 12 210 40 i R T 3R B AR (P <0.05) .
LK 2,
25 FHHAKRIEDHLEN/HO-1IEKER/HET
RiLELLE

XF HEZL L OSAS 41 Dex IR 51 41 K Dex i 51 2 41
K EUNe2 \HIF-1a K2 HO-1 25 (I A Rk B A, &
Ir 250, 22 R A it 5 L (F =12.859,30.285
F137.704, ¥ P =0.000) . 5 XF B2 LA, OSAS 4 |
Dex fif 5 £ 20 J% Dex 5 71 5 4 Nrf2 \HIF-1ae 2 HO-1
Mk B TFE (P <0.05) 5 5 OSAS 4] H#%
Dex & K 54 Nef2 \ HIF-1a Sz HO-1 & 14 AH X 3¢
K FEAK (P <0.05) ; 5 Dex {K 7 5 41 L #52 , Dex 155 %1
20 Nef2  HIF-1a S HO-1 & [ A % 36 35 & B A%
(P<0.05), W3R2FE 3,

3 itit

OSAS %) 3 25 5 & W 0% 30) 1] 3 20 06 8 1) I 0 B
15, FEOR A W 2 A B A, SR Il 2 3
AN TR AR JE 1) SR AR A A, 7 AR 22 0 i I I &
FEMY ZR IS G % B OSAS K BRI 4H 4 HO-1 Al
2 B A% P Nef2 3235 W] 4 s, DR UG A Nef2 . HO-1
25 0SAS By & A VK o Dex 2 llf R B I HI4E E 245
Y, % a2 bR ER S R ELA e BE R TE 2 R A

Dex {5448
(HE 411 x 400)

10* UR (6.83%) 10* UR (18,67%) 10* Tor oo UR (12.65%) 10* UR (1147%
10° 1 10° 10° 7 10°
= 107 1 10 Z 107 7 = 10
10' '_”-a- 10' 10' 10'
10 LR (9.32%) 1o 10° LR (19.10%) 100 o LR (12.33%)
10° 10" 10° 10 10* 10° 10" 10*0 10° 10 10° 10" 10 10 10* 10° 10" 10*0 10° 10

Annexin V Annexin V Annexin V Annexin V
Xof B2 0SASH] Dex {5 41 Dex i 77| 41

B2 HFHXRBSALAHZTRIAE
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UL, 55+ A7 FEFLIRE Xl B M P 5 A £ 5 45 K B S i 2 ] T s S LRI T

R2 RAXREDHALNM HF-10FIHO-1BERER

I RIEELLER (n=5,x+s)
215 Nif2 HIF-1a HO-1
X HR2H 0.95+0.10 0.79 + 0.09 0.71 +0.08
0SAS4] 142+0.16°  139£0.14°  159+0.17"
DexfkFIH4]  1.1520.13%  122+0.13%%  121+0.137?
DexmHE4]  1.04+0.117%% 088 +0.097%% 1.13£0.1272%
F{ 12.859 30.285 37.704
P 0.000 0.000 0.000

H . Q5 YL AL, P <0.05;@5 0SAS 41 4%, P<0.05; B
5 Dex {5 H 4 L3, P<0.05,

38 kD
92 kD

92 kD

GAPDH 43 kD

A KHRZ ; B:OSASHL; C:Dex {54 ; D:Dex =740
B3 ‘AFIHELANM2 HF-1« RHO-1EAKRIE

RN AR € iR v e Sl R EOE 77 (=S I = ]
Dex T 7E#R 53 OSAS (93657 Hon H , (H H AR FHAIL ] i
ANVERE M 5T R, Dex AE %38 1 Nef2/HO-1
S DO N =R K (TINIE R IR L= W AR € K Vb
SR E T, B IHAHE T Dex X OSAS I B A% 52 1A 7] fig
55 Nef2/HO-1 3 J& A7 S

A 5T 3 & i OSAS K ERUAR Y, #8 98 Dex Xif
OSAS K BRI SZMR , DL & 5 Nef2/HO-1 38 B 19 6 & , LU
11k OSAS & L3 A F 92 5 1) o AR ST 45 R R W,
OSAS K FRURE IR 25 S 52 10 BRI W2 987 45, i S0 A B
A%, BT 22 Uk S s LT M R B A, 51 R T 4l
SUM T ZRLR [ W, I AT T . 28 Dex T
P J W B A5 R R D - 2 R R AR I Ao A
T, 4 ML T R REAIR , e W Dex BB 6% 2 35 T IR I W
BT 5 K i AU ARL N B (] B A o) i AR S 1 P 2 T A
T, H SR AR . (HA R SR, & R
Dex AN RS 28 50 19 R 47 4E it L 2F — 25 42
HEM 2T T, PR i RS Dex I, 37 3 28 555
PR

Nrf2/HO-1 38 [ 2 5 22 i 0 S8 A0 7 350 1, BE %
R ARG SR AL 8 S I 5 S B AL 805 o W R g 2T

FE N7, Dex BEAE I Hl HLAAR S RE S, X /1N i J5T 248 Jd
UM R 2F - E B B — s PR R
YEFHALEI AT fiE 5 Nef2/HO-1 18 B8 A 5% . E AT T
75, Dex REMS BTG «2-AR , 3 i Nef2/ARE 3 5 10 1 ik
2 A1) S A R I N D B 2 ST R T, R i 2 2
A B AR AE Y ARBET 45 R IR, OSAS 4 Nif2
HIF-1a 2 HO-1 2 FIAHXS 3R 3K 5 TH 7, 3R W] OSAS fig
% 0% Nef2/HO-1 38 B% , Wos ML 19 S804k L 0
T A, S R S M ST T IR
15 00T Nef2 76 40 5 rf , OSAS 51 ML Ak B 3
N, Nef2 i#E A4 HL A%, B00E B iiF HIF-1o, HO-1 5540
AL RO AR HIF-1a . HO-1 [ 55 55 32356120,
1E Dex T FilJ& , Nef2 HIF-1a S HO-1 25 [ A0 X 35
AR, A 5 ) i Dex T 5 , Nef2/HO-1 18 B% 4H
DGR L AH X 2% At AR T W] 12, 3% W Dex E 98 11 1)
Nrf2/HO-1 38 #% , #0il Nef2 7] 28 Ml A% 7% % , T Ui HIF-
Lo S HO-1 25 11 AH X 3R 3k a5t B I, 4100 41 S04k 1 33 1
N, U A2 TR T, R AR AR AL SRR
AT S P I S

Dex B8 2035 OSAS K 5 W2 BT 45 K I 407 i
B 0V S A 22 oo g T, HEALH T S Nef2/HO-1
BT . AR T A Nef2/HO—-1 38 5% 410 1) 390 = 08 0%
F, A PE— 4 R 9T Dex X} Nef2/HO-1 3l % i 4 4%
fEHLS
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