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[ E] B HRBIEEZERER GYY4137 X A &M L% K B (spontaneously hypertensive rats, SHR) i = sh ik &7 5k T 58 (1)
SO, IR AL, Joik AR 12 JA#HEM: SHR FEHLS S s i He X B ZH (SHR 4H) F GYY4137 41, Mtk 12 Al WKY K
SUOMARE BRI (WKY 2H), GYY4137 2B ETEST 10 mg/(kg-d) (GYY10 £H) .25 mg/ (kg+d) (GYY25 41) 5 50 mg/(kg-d)
(GYYS50 41)¥ GYY4137,SHR 411 WKY 4145 T8t AR BEER K 75 4E 4 ) 45 25300 B 49 5 2 R 3 ki i TR . 452 4 Rl e iss
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Effects and mechanisms of slow-releasing hydrogen sulfide donor GYY4137 on vasodilation

of thoracic aortic in spontaneously hypertensive rats
Ma Yan, Xie Liping,Ji Yong®
(Department of Pathophysiology ,NJMU ,Nanjing 211166, China)

[Abstract] Objective:To observe the effects and study the mechanisms of slow-releasing hydrogen sulfide donor GYY4137 on the
vasodilation of thoracic aortic in spontaneously hypertensive rats (SHRs). Methods:; Male SHRs at 12 weeks of age were randomly
divided into 4 groups treated with different dosages of GYY4137:0(SHR group), 10(GYY10 group),25(GYY25 group )or 50(GYY50
group)mg/kg/day. GYY4137 was given by intraperitoneal injection once daily for 4 weeks. Age-matched normotensive Wistar-Kyoto
(WKY )rats served as controls (WKY group). SHR and WKY control groups received the same volume of physiological saline. During
treatment , systolic blood pressure (SBP)was measured by the tail-cuff method. After 4 weeks,vasodilation of thoracic aortic was
measured. The degree of oxidative stress was evaluated by DHE staining, malondialdehyde (MDA )and total antioxidant capacity (T-
AOC). The expression of p85a, Akt, p-Akt(Serd73),eNOS and p-eNOS(Ser1177)was detected by western blot. Results: After treatment,
GYY4137 improved endothelium-dependent vasodilation of thoracic aortic in SHRs,lessened the superoxide generation,decrease
MDA level,enhanced T-AOC,and increased the protein level of p85a and the phosphorylation of Akt and eNOS. Conclusion:
GYY4137 improved endothelium-dependent vasodilation of SHRs,which may be associated with the suppression of oxidative stress
and activation of PI3K/AKT/eNOS signal pathway.
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{5 ML (hypertension ) A2 Il PR I 85 & UL (1) 12 14
Wz WG IR K, B B kR S A
5 DR A A7 | N IR RS | I B AR P & 5k T e
TS N A B S S
g LA R A IR INAE AN R FE T A A
Z—2 A A (hydrogen sulfide , H,S)/E M2k —4 1k
& (nitric oxide,NO) Fl—4 4Lk (carbonic oxide,
CO) ZJa BB 3 MR 570 71 A O i A
ARG RAR P MR ORGP LOIERI AT, GYY4137
VER—FoB Y HoS e, REfE S A M40 A PR
LT HLS BRI ARWRASE FZEWEE HoS ZEREH
GYY4137 X A &S i K (spontaneously hy-
pertensive rats, SHR )} 5= 8fj ik &F 5K L) B8 74 5% 1 I 15
WAl BB

1 #RFnAE

L1 ##

flERE 12 A M SHR (b st 2 il A AR 52 56 2
YIFEARBBRA )50 4 41, B4 6 H IR SR
] ¥ JBE Y H.S 2% B #) GYY4137 10 mg/(kg +d)
(GYY10 4 ).25 mg/(kg-d) (GYY25 41 ) .50 mg/
(kg-d) (GYY50 41) s A= B /K (SHR 4), 75 6 H
TEH MU A WKY IR BRI S 12 5 A R 7K AR B
XFHRZH (WKY ).,

GYY4137 (G in 3k [ 37 K 2% Philip K.Moore #{
FE); BCA %Eﬁi%iﬁﬁ”ﬁ(ﬁerce NA] EE),
TG bR UEFE i Marker (Fermentas 23 7, 6 ),
p85a Akt p-Akt .eNOS . p-eNOS PL A (Cell Signaling
Technology /A Al , 3 [E ), B-actin HLA (Sigma-Aldrich
ol L H)  HRPARIEFED/D R A 16 (Santa Cruz
Biotechnology /A 7, 3¢ [# ) ; Super-signal ECL % i
7| & (Thermo Fisher Scinetific 23 &) , 32 [# ) ; Visitech
BP-2000 /NS AL RGE (Visitech 22 7],
FEE) ; A KL (DMT A 7], F+2 ) ; Dihydroethid-
ium FEMEEIOLEET (DHE UM 28 = KA £ AR F
FEHT) s TE2000 8] 8 96 W38 (Nikon 2 7], H
) A - (malondialdehyde , MDA ) F1 5471 4 4k BiE
71 (total antioxidant capacity, T-AOC )M & 15 & (Ft
M= RAEYBARMTRT) ; 5 H A KRS (Biorad
NGRS
12 Fik
1.2.1 B3k s &4 n

KREFEAGEMMNERE TEES b, k%S
i Y Rk sl W) R AR [ TR IE T, 15 sh ) 4

J&i K Visitech BP-2000 /Nsh 4 Je 1 i R /34T 2R 48
WM IF L R R sh kW4 He - (systolic blood pres
sure, SBP) , & H AR E] P& 2 min 52 KT, A
SURICE-PE, 52 507 b S i al B A I it 1 IR,
1.2.2 BRI LS IRINAT K sem 2

10%/KA AW (350 mg/kg) FEIETE SRR B
Ja , R L ONE BT OB S A D B R
4°CTE Y Kreb’s 28 i L T8 43 b 6 == 3l ik o 6
M /NP o BB E BT 508 2~3 mm/Bt, 3t
B4 B, A 5K IR RE R A Kreb’s 28 0
37°CHIR, FFHFEEE A 95%0, 1 5%CO, HIHRA .. /N
DA B I A T A Sk A L iRk &
9.8 mN, & 20 min Bt 37°CHIHT) Kreb s 2% M
1K, AR AE 60 min, Z 54 60 mmol/L KCI Fiili
45 15 min, F 37°CHHINE Kreb’s SRk 3 UK, -
M4 30 min J5 245 7 £ B 'S I £ & (noradrenaline,
NE)O.1 wmol/L FJ4 P& i A c4n , 24 1A i e 20
BYE)5, %47 B2 (1x10°~1x107 mol/L) i) 2,
RS (acetylcholine, Ach) ol BFHHE FF (1x107°~1x107
mol/L) B9 i & £4 (sodium nitroprusside , SNP) #£17 &F
ik ISR E SR I E, TTHEF IR RO
1.2.3 M E3hkk DHE # &

AN B I IR BRI 2 Sk, B i A vk R
Y1 (5 pm) BRI TSN PBS #hiE 2 min/5 , i
AT PBS (% 2 wmol/L DHE) , 5% 37°CHE &
30 min J5 ] PBS VG VR A, (818 90 WA T g
[IIR=FEEE
1.2.4 FE 3k MDA = T-AOC M &

B BRI E Bk, #ei 0 R E UL U 2 MDA
H1T-AOC 7KF-,

1.2.5 Western blot

PEIOK B 32 30 ik 8 11, BCA ¥4I 7 2 11 vk
JE |, e 5 NI TR EE S (SDS-PAGE) , B 30 pg I+
W £ T AR B DA LUK SRR R AR, R
A SR UK TBS-T T3 ii B 2 h, — B
B ,4°Ci R’ , TBS-T e 3 e, —Hils & , % 2 h,
FEH TBS-T 06 3 ¥k, H ECL i i mlifg , It
PRAFIE %, FH Tmage J BEEMG AL BE R G250 1T H 1Y
s R A
1.3 “%itxs%

BAHLFME + drifi2s (v + s) 2o B0
FH STATA13.0 Btk A 7 AL 38 , 28 18] b AR FH 5
&I 2200 L & SNK #2563 P < 0.05 M2ERA
GitE X,
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. A WKY B
2 5 R ¢ o WKY
. s 01 = SHR
2.1 GYY4137 T Ak SHR B.3h Bl 45 /& J R gwlo
o s . 01 v GYY25
T, 440 SHR FESIIKICAR R3S T WKY  sim - * G50
: S
HH(P<001);45T GYY4137 J5 ,GYY25 RIGYY50 VT
2L RS R SHR 2415235 R (P<001),GYY10 E .
2055 SHR 4HAH b A I 2 A8k (P > 0.05, & 1), = )
2257 - #
WKY T T T T T 1
~ 2001 = SHR 9 8 -7 -6 -5 -4
= o GYY10 log Ach(mol/L)
E 175 -+ GYY25
Z sl # pt [ T < GYYS0 owky
g = SHR
= s ¥ 3 — LGYY10
) = vGYY25
10— ! > 1 4 % 601 *GYY50
AR () e
5 SHR 414, P < 0.01(n=4), = 407
E1 GYY4137 3t SHR RRhRkIZE M0 GYYS0 ]
Figure 1  Effects of GYY4137 on tail artery systolic ;
blood pressure of SHR 0 —

2.2 GYY4137 &% & SHR M) £ 3h Bk M BAR B AT 7K
Iy fe.

SR BN E Bk, 47 LW RS R
B 2V 65 45 T AR Ach Rl I 45 &7 5K
R, G5 R L, 5 WKY A, SHR 20 Ach 4
S0 T T SN M T B 2 B PN B AR AT R )
REH 240, GYY4137 AbBRS e Wk B iRETsk
IIRE (K 2A B), {HA$2H SNP 415 (9 1045 &7 7K J i
Tt 2257 (8 20) .,

2.3 GYY4137 % SHR M) % 3h bk A 5L #K T

KB £ B kA LUK 7R Y1 7 W DHE 286 %%
RO T E45 R B, 5 WKY 4, SHR 200 L4H
LRLT (0 5 B IH SR GY Y4137 425 4 R JR7R%

A WKY SHR
B 87
*

T

# # #
T T

MDA ( pmol/L)
5

WKY SHR GYYI0 GYY25 GYYS0

GYY10

-1 -10 -9 -8 -7 -6 -5
log SNP(mol/L)

A Ach A A I 32 Bl Bk A7 o A A= BHIET 5 B2 Ach A 3 A g 2 30
[k &F sk g8 5 C . SNP A S i T ik &7 sk ge it 151 . 5 WKY 2HAH
t, "P < 0.01;5 SHR 4L, *P < 0.01(n=5),
El 2 GYY4137 3t SHR M E Ik EFSK ThaE A2 0a
Figure 2 Effects of GYY4137 on vascular relaxation in
thoracic aortic of SHR

G5 A B , K GYY4137 fEA 084 SHR iy
FEk EALN K (B 3A) , FE—E A6 3 20
ikZH 21 Fh MDA T-AOC &3, A%FT WKY 41,SHR
20 MDA % & B I ¥ 5 ,T-AOC T F% (P < 0.01);
GYY4137 %52 4 JAlJa KM =8 ik MDA & &F#AIK,
M T-AOC A fif EFH(P < 0.05 8% P < 0.01,5 3B.C).,
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3 GYY4137 3f SHR My EZhEkE AL Rz B 320
Figure 3 Effects of GYY4137 on oxidative stress in thoracic aortic of SHR
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24 GYY4137 773 SHR M £ 3 bk PI3K I3 1%
p85a % & &k, Ll Akt A= eNOS Fk B ALK P
PEBUI T sh kA5 1 J5 , Western blot fiill 2 S %
P, 5 WKY 2, SHR 20 M 3= 3h ik PI3K W8
p85a /K LL I Akt(Serd73) .eNOS(Serl177)

1% 16 7K SF B 5 A% (P < 0.01, &l 4); 5 SHR 41 It
B, i TGYY4137 WbFR)E ,p85a A FI/KF-Lh S Akt
(Ser473) .eNOS (Ser1177) B R ALK . 3% T+ (P <
0.05 8 P< 0.01), Ph E&5HEE], 78 SHR Mg F3h ik
b, GYY4137 A[0E PI3K/Akt/eNOS {553 1%

A B Aki(Serd73) [ S s D] C |\ ()5 (Scr]177) (M ————— |
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PO | W ————
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1.21 ilij 1.2
## z #
= # < #H
$08 = 0.8 #
T o~
S : E
3 A *
2 0.41 = 0.41
-
= <
[=H
0.0 : : . : . 0.0 : . : : :

1.27

0.81

##
##
#
*
- ﬂ ﬂ
0.0 T T T T T

p-eNOS(Ser1177)/aNOS

WKY SHR GYY10 GYY25 GYY50

WKY SHR GYY10 GYY25 GYY50

WKY SHR GYY10 GYY25 GYY50

A:Western blot &l PI3K V543 p85a 2 FH /K- ; B: Western blot Al Akt £ 7K ; C: Western blot Kl eNOS #H/K¥-, 5 WKY 11

H., P < 0.01;5 SHR 414 HL, *P < 0.05,%P < 0.01(n=4).,

4 GYY4137 % SHR KJEFik p85a. Akt 1 eNOS & HFR AR
Figure 4 Effects of GYY4137 on p85«,Akt and eNOS expression in thoracic aortic of SHR
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KHILOKR  HoS — BB 2 —Fif 33Uk, i
AR, MEEBFIEITRA HS BN 4k NO il CO
ZIE S 3 RN IR SRURG S50, RO LA 4
Ak, Bt i FEEE A 43405 | Bh Ik A R Ak S 2 BB &
FERPERIST, AL E/R GYY4137 AbPR )5
AIH5E SHR N R AR ET TR DI RE , O3 1M A8 14 J2 1y
i, FIETFRATAZ B, sl ma GYY4137 if L 3
R SHR 1%, BEFERFFE & B HoS X Jifi sl ik s s
o LA R L G e R S 2 e o LA
FEAER®O ARG 4 I —8, (HARE A (5]
i GYY4137 BURNT SHR IR ICH BAEH B4 .2
Bt N B AR PEET I DI RE  $E7R GY Y4137 fRY i 3=
Bk B DIRE T RE-S AR AL A O,

ALk ] R HR LA TE 32 B s ok 9 450 A el
Hrea it 2 e BEARFE R, RAGIRAS
U R, BFSE K BR, 7E P B R A 0 AR
/I8 BB e HLS ] LA i 300361 4 By SRRE S
RAERRAE N 22 R & A 5 K RV e
AU HLS AT DLE 2 50 A A T R AR & 75 5 AR
PEHSHE H0, 5500 B B AL b H,S W] LL3E
T R L R AR T R AR E R, (R
A2AE R, ANEYE HoS AT LAIS NF-«B, {2 R IE
IR 5 AR, B 2 E A AR AR

P, GYY4137 a4l SHR M 3= 5 bk AL N ik, — 5
i ] g i 4R T NO PR AE RS HLE AL, B
—J5 T ] EAEA R (reactive oxygen species,
ROS) X i 3 gh ik (45405 , 3X 7T RS2 GYY4137 ot
i 3= sk ET sk e A B 2 —

PI3K/Akt i B AEh — SR L5 5@ %) 12 5
SE) Y A 4R R S AT R SR R
G, FEI S 2o 1S AT LU i 3%
PI3K/ Akt 38 #8775 40 ML i 34 5 | 534k 7% LA S
TR FERPIEEF AL HERE h  HLS 1T LASETE PI3K/
Akt 38 H% FE T SRR AN A A BE ZE B0 kI LR 70 7R
ApoEF/NFAERI T H,S 7] LI i % PI3K/Akt/
eNOS 3 [ 2035 N 2 AT RE , ST sh ik ok R {1k
TR ARWFGEIR & B, GY Y4137 A] | PI3K F.HA
i p85a 2 FA/KF-, 34 i AKT il eNOS HUBER L , 1F
THE I 3 Shbk P IRPE NO B92E 8, ok i B AR
EPIKIRE .,

25 bR HS SRR GYY4137 RERS A AR A%
SHR MK . ekt SHR ) 35 2 ik 9 s A i
&Pk ThaE, HALE 0T B8 -5 4 Ak R R
PI3K/Akt/eNOS {5 5l A 5,

[B& k]
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2x10°~6x10°,30~40 km,

R ke s TR AE BB S AR

1 Rl BT B s, PR o B, I/INER R 1) ZE sl Il A B 3 674k 1 4
ZH 5] BA 23 B (4 9 — N DUF 1/4) , AR IS 8 sl Al =
- BN NS RT I DUE LI 07
3. BIRAABFEAR SERTT | AL ke v AR SR A DR % T, a0 453 000 000
A5 R 45 300 J8 4.53 1285 4125 300 T HAREG W 4425 F 3 B ; = FIuE R
3 000 JTEk 0.3 J1 e, HAREE AL 3 TG,
- IR ECE B EUE A NS A ANRRR TR T
5. FoRHBTHRAAE T BE B BEE R, RS~ W 10%~20%, (2~6)x10° 5§,



