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Tempol &1L 1% YAP1/INF2 1§ 5@ %5
AN E OSAHS

Bk, RER, LT, FER, FLE

[FZEIER B Tempol % A B BHZE VBRI £ 451G 4515 i COSAHS) 1R S AE HT BAH CHL o 75
& %30 FUKRBENL I AT AR 2H (Sham 241D B A COSAHS 41D . Tempo K43 4H (Tempol-L 41) , Tempol
A H (Tempol-H 2H) 1 Tempol 175 74 5+VER 41 (Tempol-H+VER ), #7240 6 Lo I H ) i A Ak 5l 4
4t OSAHS KEUIZAY . Sham 41, OSAHS ZHJI 56 250t 0.9% 5 A0 ENT ¥, Tempol-L 4H.\ Tempol-H 41J
Jls S AS R 7514 Tempol (50 mg/kg A1 100 mg/kg) , Tempol-H+VER #1375 Tempol 100 mg/kg+YAP1 i
il 771 Verteporfin 100 mg/kg. WS TG # 4HK B ACIRAS R A I AR K, 38 DR ARG -4 G4 4, TUNEL
Bty AR G ELISA G GRS B A5 7325, 43 By Tempol ) K il OSAHS [# 8545 HI A HT HEAL
il 558 L OSAHS 4L, Tempol-L 41, Tempol-H 41k 5l (188 AR R4 o7 7 20 5 25 et , i 4495
BRI RE D 220 TUNEL B PR IR 1236 BRI (B3 P << 0.05) 5 Tempol-L 2H , Tempol-H 2H K B ifiL3
TR A 26 (TL-6) RIS SE DS - (TNF-a0) L IL- 1B KM 2H 24 i V460 (ROS) | A -1 (MDA 175 55 bk
FAR, M3 1L-10 FURZLZR 28 e HHIK (GSHD 5, i AUk Ak g (SOD) 5k i 25 3L s, Iilid1 4 p-
YAPI/YAPL 5 AR 2, INF2 45 235 IR (39 P << 0.05) . Tempol % OSAHS K B I¢) et R 4% Ver-
teporfin il . 4538 Tempol W HETRL I 1Y YAP I/INF2 13 5 il 30 A2 R34, 2503% KB, OSAHS.,
[CSIRT  BHFEPE RGN I8 7 45 (I T A< 25 A5 4 s Tempols YAP1/INF2 {55l i s U4k Mg
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Tempol mediates oxidative stress to improve OSAHS by regulating the YAP1/INF2 signaling pathway
Duan Hanzhong, Zhao Zhiqiang, Wang Gan, Li Zengliang, Yin Wenhua (Hangzhou Hospital of Traditional Chinese
Medicine, Hangzhou 310000, Zhejiang, China)

[Abstract]lObjective To explore the improvement effect and mechanism of Tempol on obstructive sleep apnea-
hypopnea syndrome (OSAHS) in rats. Methods Thirty rats were randomly divided into Sham group, Model group
(OSAHS group), Tempol low-dose group (Tempol-L group), Tempol high-dose group (Tempol-H group), and Tempol
high-dose+VER group (Tempol-H+VER group), with six rats in each group. The rat model of OSAHS was establish-
ed by intermittent hypoxia exposure. The Sham group and the Model group were injected with saline intraperitoneally;
the Tempol-L group and the Tempol-H group were injected with different doses of Tempol (50 mg/kg and 100 mg/kg);
the Tempol-H+VER group was injected with Tempol 100 mg/kg+YAP! inhibitor Verteporfin 100 mg/kg. After the
intervention, the overall status and body weight changes of rats in each group were observed. Hematoxylin-eosin sta-
ining, TUNEL staining, biochemical kits, ELISA kits, and Western blot were used to analyze the ameliorative effects
of Tempol on OSAHS in rats and its underlying mechanism. Results Compared with the OSAHS group, the overall
status and body weight of rats in the Tempol-L group and Tempol-H group were significantly improved, the degree
of lung tissue pathological damage was alleviated, and the apoptosis rate of TUNEL positive cell in lung tissue was
reduced (all P << 0.05); the levels of interleukin (IL-6), tumor necrosis factor a (TNF-a), and IL-1B were significantly
decreased (all P << 0.05); the contents of reactive oxygen species (ROS), malondialdehyde (MDA) in lung tissue were
significantly decreased (all P << 0.05); the level of 1L-10, the contents of glutathione (GSH) and superoxide dismutase
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(SOD) activity in lung tissue were significantly increased (all P << 0.05); the p-YAP1/YAP1 protein ratio in lung tissue

was elevated, while the expression of INF2 protein was reduced (all P << 0.05). The improvement effect of Tempol on

OSAHS rats was inhibited by Verteporfin. Conclusions Tempol may improve OSAHS in rats by regulating the YAP1/

INF2 signaling pathway to inhibit oxidative stress.
[Key words]

stress

HL S 11 e I P B 2 451K I 4R S AUk (obstructive
sleep apnea-hypopnea syndrome, OSAHS) J& # I, i) i
HEAH IR fa iy, 71 B 52 A8 PR . 4 BRIT
10 {0 N 32 Fegom), 373 18 58 80 2k 50%, oA ™
U PR AR e T H AT IR G YT T B Fr e < GE I
FEEA L F A & LM REL A BRI, 3
AP TT LS IE A JHRE .

OSAHS 1 5] 4= B ML, T i B 4R
(reactive oxygen species, ROS) , T Z A i 28 ik
IR GMEAEIR ¥, Yesl AHICH LR TR T (Yesl
associated transcriptional regulator, YAP1) == BLif4%
A0 ST BEHE AR T, S AR AR KRR B s
FE BB /EHY, [ formin 2 (inverted formin 2,
INF2) 3 AT 9 B b A 278 (P38 A 53, ml i ik 3
INF2 A S 2 b A AR g — 0 85 245 B e IR
T L 2R AR A I B A e AR RS
FILRIARIH TS . Tempol 2584 /1 IHTELT], GES
ZEAH SRR ROS, 8/ U LI, 3 P e (A e
AR teabh, BRI Tempol A i 2%
fRHE YAPL MIBERRAL" . [RI Lk, 4D Tempol AT ok
T YAPI/INF2 {5 5 8 HH0 l] SEUH6 REHOR T OS-
AHS . AT 7T I 8] w8 5 A4 4 OSAHS K
PR, Rt Tempol X K OSAHS F 545 FH A
FHLH], AIEIRIGTT OSAHS 2457 1 2L 1k 4k, I
fRIEWT .

I BEREEE

1.1 MR

1.1.1  Zh%)  SPF 2t Wistar KR, #&)F &= 180
~ 230 g, W H _Eiglegw s sh A R A, VAT
UE5 : SCXK (771 2022-0004; T AU FREEIL A AW R
FEBR A 7 BRI RGN 7R, SR IR S VAT IE S
SYXK (i#)2024-0003 . 545256 FRAGHT M FREF A

Obstructive sleep apnea-hypopnea syndrome; Tempol; YAP1/INF2 signaling pathway; Oxidative

[Modern Practical Medicine,2026,38(2):119-124]

KAEVIRAT IR A 7 L3 s teE R S5 10 38 2 Lo ik
A FEHE S . TACUC/HTYJ-11746-32,

1.1.2 3{5f]  Tempol ($8'5: T92299) . YAP1 i 7
(Verteporfin) (175 : S80258) 4 H iUt AL MR
BIRAT; AR (5. 617530), 4 (Hh5:
30086E) W H FilgZRIBRHE A G IR AR — ik
TUNEL JEAZ 20 i Tk it/ & (58%5: E-CK-
A320) ) 5 Elabscience; K iR H 41/ %-6 (IL-6) i
# £ (ELISA) ($5: RX2D302196) . K Fl R AL A
F-a(TNF-00) 375 (ELISA) (£ 5 : RX2D302066)
KE A ZE-1BUL-1B) (£75: RX2D302066) i
HIR MBS VR ARAR KBB4z 10
(IL-10) 3877 &5 (ELISA) (525 : MM-0195R 1) It T
TR RS A PR A F ;. ROS MR F & (525
S0033MD ) [ ZE8 2 K5 il 8 A P AL Bl (SOD) e 1k
& (525 A001-1) . T - (MDA) ik & (555
A003-1) A H AR (GSHD A& (525 : A006-2-1) 1)
H 7 AR LA T

1.2 7%

1.2.1 K OSAHS B FFH Pt 5256
KBTI BB A ZR R AT 20 h e T B
7 99.99% %<, & K 8 h, F4k 35 d A T A4 (Sham
) KR FEIWE THERS s, EEsSE%
ML, AT S0 25 S KL S G .

122 K% ¥ 30 LKRBENL N 5 4, Rl
Sham # ., #H4] (OSAHS 41). Tempol K7 4H
(Tempol-L ZH) . Tempol =755 4H (Tempol-H 4D %
Tempol =157 5 2H+4011il] 77140 (Tempol-H+VER 4,
Heo R, FRIANSMIMET 30 min BEAT IS
4524, Sham 41, OSAHS Z Kk il v E 5 28 0.9%
FACEN ST, B HE S SR 0.5% - FF R TR
(DMSO) ; Tempol-L 41 [ 7347 10% Tempol 50 mg/kg,
Tempol-H #1115 fE 5+ 10%Tempol 100 mg/kg™, &
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HVES 48 0.5% DMSO; Tempol-H+VER £ i 75
% 10% Tempol 100 mg/kg, b H S 100 mg/kg Y
Verteporfin(G&T 0.5% DMSO)'™,

123 KBRS B 0% H KR
1L SRS AT B S B ALK, R 25 7 d
RN/

1.2.4 ARSI MG TS FE, $41K
B St 22 SR AE I 43 B SR IR 2 2R A o il 2H 21
RYCGHEATIE E IS Y R . BEJEXD) k4T
UL B K ACAL B, TR ACKS Ge g J5 P P AR L e £,
Pett SE UG BEAT K E B, T s g2 il 2 21
() B AR A o

1.2.5 TUNEL 4t K2l 34T [ e i K 2B
AR 5 HEAT UL 84 . R A TUNEL W52 57 &
PR AR E T2, FEE A DAPL X4l A% 47 52
e, BT 0O6 R T TSI EREE G

1.2.6  ROS Kl 5 20 Z3EAT I BB AL 2, B 25 s
MORE AT O E . BOE & ISR, T8N LF
BN T ml 9JE 4 10 umol/L f) DCFH-DA #i i ,
e E T 37 CHEPIE 20 min J5, Pekiki
() DCFH-DA, {5 FH it 204 M AS AT Aor il o

127 AEAER  BURIHSA S K, BaoE,
WO VB, AR 9 AR A s 35 ARl L 3 e
MDA .GSH 7K}z SOD i .

1.2.8 ELISA ik AR HE R I v R 48 K BRI ¥ FF
A, B SR BT R MLREEAT B0 AL 43 B F R AL
iH o KH ELISA 5f &l 5 IL-6. TNF-a.
IL-1BLA 2% IL-10 7K

12,9 EHASIEENIE (western blot, WB) T4
PBS Wil 439F 505, VK B RIPA Z4f@ i e i
30 min, 20 H i, BCA e | AWRE . IS &
HHL 12% SDS-PAGE %) & J5 % %= PVDF fix, 5141
WEM 2h, 5—91 4 CHELIH. KH TBST jH ¥k
JEM ZHUE R E 1 h, FR TBST J5 3%, I ECL &

5%, M Image J 3050 H H B8 AR BEAE . SRS B
WA 1,

1.3 it ik RA SPSS 20.0 Goil-#i A4 1k 47 $de
30T TR TR LA bR HE 2, R One-way-ANO-
VA BRI 2 T7 2500, AR i 2 400 R FH B &7 2
73 #T (repeated measures ANOVA) , 43 B[R] (A £ L 4
MR A BAF AR R 15 . P < 0.05 %
INEFA G EE L.

2 R

2.1 B KRBEARS R R 5 Sham 41
FHEL , OSAHS 4K SR ZE BE, B2 B2, BEIN A] th
DG HEE | V5B /D | PR 55 LA, o0 A MR S
I o 25T Tempol J&, OSAHS K FUIRA G 23,
RIA BB HA G, WA PRI ISR, HS
FIEZH 2 B F A T Tempol-H+VER 41k FUIR 5628
55 Sham 4 AHEL, OSAHS 41K fLU5S 2 ~ 5 Ak
FREEFETN%E (P <005. 5 OSAHS 4L,
Tempol-H % 2 ~ 5 AR ERET = I P <
0.05), Tempol-L ZHAV5E 3 AR EZEFE P <
0.05) . 5 Tempol-H 414 Lt, Tempol-H+VER 415 2 ~
5 AR R E NEEP <005, W& 2.
22 HUAKRUNAS RGN HE Qe 27R, Sham
K BRI B Ay e 9 AT A IE R, To 5% 70 b
Y5 R VEA IR . SRS, K BRI 2 H I )
J S T 05 53 Fls 84 5 s ) o 348 . B Ao 28 M4t e
2. 5 OSAHS ZHAf Lk, Tempol-L #H . Tempol-H 41
R F il )T 6 JEE 98 VA0 IR 5 L 2 B 2 e .
Tempol-H ZAH LY, Tempol-H+VER 2H K fRUAti2H 23 4
PR IR B S, il (A) SR — AP R R, LI 1.
2.3 FHA KR ZIR TUNEL FH P20 i 5 1%
TUNEL %L i85 FR I, i1 5 , OASHS 2H K B fifiZH.
ZA TUNEL PHYEZH I8 122 8¢ Sham H .2 FTH (Y

*1 HKEE

%l I L% igsda
p-YAPI antibody Affinity AF3328 1:2000
YAPI antibody Affinity AF6328 1:1000
INF2 antibody Sigma-Aldrich Abt61 1:1000
Anti-rabbit IgG, HRP-linked antibody CST 7074 1:6000
GAPDH antibody Proteintech 10494-1-AP 1 : 10000
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P < 0.05); Tempol-L 2H . Tempol-H #41 K fit i 25 25 o
TUNEL PHPEZHM M T35 OSAHS H &2 [F K (3
P < 0.05) .5 Tempol-H ZHAH L, Tempol-H+VER 4
TR EET P < 0.05), LK 2.

24 FHRREMWNFAES 5 Sham AHLL, OS-
AHS 4 fili 4 2440 i 1 ROS MDA & & .2 7Ha (8
P <0.05),GSH &% .SOD FIHEE T 3P <
0.05); 55 OSAHS 4LAH Lt , Tempol-L 41, Tempol-H 41
ROS 1 MDA 5 &35 2 £k (3J P < 0.05), GSH
EE.SOD iEME R L TF (2 P < 0.05); Verteporfin
& Z ] T Tempol FIHTEMAEH] (B P << 0.05), I,
* 3.

2.5 & KRUME A IL-6. TNF-a, IL-10 AT IL-1B7K
P 5 Sham ZH L, OSAHS 4117 4 IL-6. TNF-a.
IL-1BSEAR 2 Bk i35 BT (3P < 0.05), HL %
Al IL-10 7K-F 23 % (P < 0.05) . 5 OSAHS 4
AHEL, Tempol-L 21 . Tempol-H 41 K 5 L3 IL-6 . TNF-
o IL- 1B/ IR (3 P < 0.05), IL-10 /KETH 5
(P < 0.05) . Verteporfin i 2 1f1il] Tempol 47t 4 1F H
(P <0.05, 1% 4.

2.6 YAPU/INF2 55 B EARKEL WB 4HRE
7R, 55 Sham Z1AH b, OSAHS ZH K BUMZH 4 p-YAPL/
YAP1 A O B2 R (5 P < 0.05), INF2 E A
Tk RZTHE (P < 0.05); 5 OSAHS 4L,
Tempol (. & 74 p-YAP1/YAP1 & A LUl 5.3 71

(B P < 0.05), INF2 & [ 3RIAKF 22 R (33
P < 0.05). Verteporfin {224 T Tempol X} OS-
AHS KRMBGEER (P < 0.05, WK 3.% 5.

3 g

OSAHS & 4Bk 5 & H B AR P I F b, D T Btk
FREECNRHIE, 2218 OB SN 2 PRI R I AR
HAMEIR, 5k ROS KEA, 51 REM IS 7%
i R S N AT ) R R AR R R A i OSA-
HS KRR, A5 R RS o 22 B L (R T 2 R %
SRR, 5 OCERIRIEARTF " 45T Tempol FTHiJ5
KR EEACRASEGE | AT E42 T, Ui Tempol fe ek
3% OSAHS AU E AR fE FRRML . M2 232 OSAHS
FHE ) B B AEA0 0 1 B ZE RS B W 9T R B, Tem-
pol B el 2 B 70 K B it 4 205 451 40 AR AR it 4. 231
o TUNEL PHPEAHMRE T2 .

A Bt B2 OSAHS JiBE A HIAZ 0, 15 S0
R S I I PS N - R e L
S P R A 1 ) B PR SRR P e R, 2
OSAHS [F)p EREAE"™, W58 & B, OSAHS 1
M AR (7] s &2 HH < BH ZE R BRI A2, S B (A
15 ) B B A R AR Py Jo7 X 1 B b , o i
1% NADPH %U4L G, JF RS sAbme o, 3 — B hlor
ROS ot &7 A=, #E 1M 5] & 85 E 5 5 A1 DNA i 4
A5 T 20 R B2 ™ 2 4F OSAHS B2 IS PLA

#2 BUEXBRAERETHL g
4H 51 HL 1 2 3 4 5
Sham i 172.06£14.52 223.88+11.92 292.48+12.12 347.42+21.88 372.14£17.01 400.25+15.69
OSAHS 4 168.79+13.96 201.35+17.15 234.69+10.26 273.90+23.24 301.74+21.26 337.92+13.57
Tempol-L £ 180.63£12.19 200.24+16.56 260.55+£20.74 318.88+29.44 336.09£19.25 373.90+24.69
Tempol-H 41 184.04+11.55 218.32422.72 271.80£19.73 332.28+30.97 358.51£35.22 379.09+39.20
Tempol-H+VER #1. 172.92+18.98 212.93£18.05 232.46+17.73 273.21+£16.59 308.56+22.52 319.64+8.08

Sham 41 Tempol-L 41 Tempol-H 41 Tempol-H+VER £

200x

400x

%0

&1

%

it 4 47 B 2 24 2 (HE )
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AR 1 A S8 E E R KT v, e R i A A YAP1 1 INF2 25 A 75 4 200 0 S0 7 385 v
DAL, el S B R B BV RE 2% il OSAHS K Je . fEFHE 2. YAPL iEfkpe LTI RIFRIE
BRI RIL YAPL PO /NRAKN ROS F1 4135 ROS fE /1™ INF2 1E M LEh & R 5 K1,
MDA % &, & GSH /K-F-H1 SOD v& 1", TEARF T HFRIXSE A2 Foma 28R AR T e A b RO
1, Tempol AL FE MK T A RUH41 2% ROS F1 MDA ~F21. #F5t &K, HaCaT i e i AL A (HO,) )
O, 1t T GSH & &5 SOD iE M, fE4ME/KF b, BT, INF2 BRI =y, ik INF2 R, 7] &
E AN AR 2 R TR AR AR IR 7 IL-10 77 25K 4252 HO, (%) HaCaT %H@Wﬁvﬁxﬁﬂc W
4z, W] Tempol RIS AL SIBL, ket B ARE S RE e BOKFE™!, IR U 9T 4% INF2 A RS2 AU RE oA e
Sham  OSAHS Tempol- Tempol- Temportkr 773 HEE ZEUR4% K- 1 H., Zhang Z5™"& I YAP1 ¥k

H 4 ,4F H4H VER 4 X . R .
H A L4 U AT INF2 [R50, 5% (1) YAP/INF2 Jfitk £33 o

< LR PR ZUAE, T S SRR RIS, 31 %40
200 2 [i{iE=REANE 8 mﬁiﬁwﬁ:‘l AR AT 9 (2RI T

S . Ik, EEHENINE] YAPL o] et i i

© INF2 SRAEFFLR AR, 2 OSAHS r i S M

= JRJE. KIS B Tempol 42725 p-YAPL/YAP1 2 [ 1t

< MHW\ INF2 2 (13635, SR BAERBLTTRE 5

z % YAPI/INF2 Sl H R A G 5%
400x ‘ . N

E 2¢ ERTiR , AW 58N Tempol H T OSAHS ¥6577

© FRAE T EIR A , (0 BARME ML RHR AT

= FlzEmhse P (e A TR 2 o

2 FEH KR 2R B T R A S (TUNEL e f8)
*3 KR ROS.MDA.GSH 1 SOD 7k F

2H ) ROS (%) MDA (nmol/mg) GSH (pmol/mg) SOD(U/mg)
Sham 2H. 9.56+2.11 0.90+0.19 65.30£10.67 31.88+4.85
OSAHS % 70.05+£2.85 3.87+0.68 32.86+4.45 10.22+1.30
Tempol-L 2 41.61+£5.04 2.70+0.44 50.39+6.40 20.82+3.13
Tempol-H 24 25.57+1.99 1.56+0.42 58.09+8.52 22.83+3.74
Tempol-H+VER 41 57.13+6.33 3.99+0.73 39.57+4.82 12.00+2.64

VE:ROS NiE 4, MDA AR — %, GSH A H ik, SOD A E b ¥ ik B

x4 KRMFES IL-6 . TNF-a,IL-10 1 IL-1p7KFE pg/mg
2H5) IL-6 TNF-a IL-1B IL-10
Sham 2 20.59+2.08 93.01+9.98 11.61+2.41 81.84+5.75
OSAHS %1 46.51+2.60 157.56+21.19 68.16+£5.46 40.41+4.20
Tempol-L 24 33.13+4.24 124.08+13.64 50.25+5.64 51.06+£6.046
Tempol-H 21 24.36+2.29 117.54£10.94 27.3943.65 61.36+8.05
Tempol-H+VER 4 45.02+3.12 156.99+15.01 50.87+3.89 45.19+4 .46

1 TL-6 29 A A 2R-6, TNF-o TSR SEIE Ta, TL- 188 HAARA 2R 18, 1L-10 HE4H A 3R 10

Sham  OSAHS Tempol- Tempol- Tempol-H+

H H L4 H#H  VERAH =5 KREFHELAS p-YAPIINF2 EARIEIER
p-YAPI1 _ 65 kDa ZH 5 p-YAP1/YAPI INF2/GAPDH
YAPI _ 65kDa  Sham#i 1.00+0.13 1.000.35

‘ i OSAHS %4 0.61+0.08 3.16+0.61

INF2 _ 135kDa ol 41 0.92+0.08 2.08+0.36
GAPDH _ 35kDa Tempol-H 41 1.070.10 132023
VE: YAPL 4 Yes1 #HIG4% 5% 7T K 7, INF2 Jy e 4% formin 2 Tempol-H+VER 4 0.43+0.10 3.75+0.16

3 K4 p-YAPL.YAP] Fl INF2 £ A #ik & 1R Bl 1E: YAPL N Yes1 A G465 K7, INF2 Jy 4 formin 2
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