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Abstract: Objective To investigate the role of hydrogen sulfide (H.S) produced by 3-mercaptopyruvate sulfurtransferase (3 -
MST) in cerebral vascular tone and hypoxia injury in rats.Methods The cerebral basilar artery of SD rats was randomly assigned
into Krebs Henseleit buffer control group,3MP group, ASP group,SIN-1 group, ASP+SIN-1 group and 3MP+SIN-1 group.The chang-
es of vasomotor tension in the blood vessels were detect by microvascular tonometry, the perfusate in the tension meter bath were
collected and the H,S content in the perfusate was determined.The cerebral vascular endothelial cells of rats were cultured in prima-
ry culture, and the cells were randomly assigned into control group,model group,3MP group, ASP group,SIN-1 group and 3MP+SIN
-1 group.In addition to the control group,the other 5 groups were constructed with an acute hypoxia injury model with 4 h,and the
drug groups were pretreated with the corresponding drugs.The survival rate of endothelial cells after hypoxia injury, the content of
lactate dehydrogenase (LDH) in the supernatant and the content of reactive oxygen species were determined.Results 3-MST sub-
strate thiopyruvate (3MP) and 3-MST agonism 5-Amino-3-(4-morpholinyl)-1,2,3-oxadiazolidine hydrochloride (SIN-1) are capa-
ble of relaxing Uisio pre-contracted rat cerebral basilar artery and the maximum shrinkage rate is (94.67 +3.99) %.Compared with
SIN-1 alone, 3-MST inhibitor aspartate (L-aspartic acid, ASP) can inhibit the vasodilation of SIN-1,while 3MP can promote the va-
sodilation of SIN-1.At the same time,3MP and SIN-1 can increase the content of H,S (90.09 +5.36) pmol in vascular perfusate,
while ASP can reduce the increased H.S of SIN-1.Compared with the acute hypoxia group,3-MST inhibitor (ASP) can further re-

duce cell viability and increase lactate dehydrogenase activity ; while 3-MST agonist SIN-1 and substrate 3MP can improve cell dam-
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age and increase cells, reduce lactate dehydrogenase activity (112.63 +8.08) U/L, and reduce reactive oxygen species. Conclusion

H.S produced by 3-MST can mediate cerebral vasodilation and protect brain vascular endothelial cells from hypoxia injury.
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I, X6 T B2 L A0 SR B A% I dofe i A4 Pl 450 4 1 L
MRS A M AR . EEES LS (hydrogen sul-
fide, HaS) 2 iy IMLAE PN B2 40 LR AR B, O H2
G AR ) AR IR b S T T DR AR - B
- Bl (1-cystathionine-B-synthetase , CBS ) Fll A7 Bk
-y- 247 i ( L-cystathionine-y-lyase , CSE) L R
iz (1-cysteine , L-Cys ) Az 50> o SOALAA Bl 3-25 FE P T
PR B i 7% [ (3-mercaptopyruvate sulfurtransferase, 3-
MST ) 2 74 40 it A1 2H 20 3 B 9 PR AL
SORIRZ D PR , 3-MST FEAF7E T AR
AL R A T A L AR B AR R ISR
SRR R R LN TR A AP e A N SRS VS TR
VERT, AT bR a5 05 A BIFE R Wk
JE A Ak S0 A B P R LR AR P 7 AR B B A
AT 0 7L 3 W 4 2o AR HL 1 3z i R ATP A
B R, AL A AT BE R PR Ok R o T
) —PNEENRER, ETHAEES S B
P07 i DR, 0 H A SCRR ORG240 i B CSE
B CBS 7 2E 1 i Ak S ST B 2, B X G Ak
3-MST A L B AL TS/ | T A R Y
B Ak SR B TR AR 52 2017 4F 10 H 22 2018 4F
12 AR IR PERR AL SR IR 2 ———3-MST " A= 1Y
i Ak ZORT I 78 7K T 1 5 M L RO ke A4 A ) ot
PN B A A HAT PR E
1 #MREFE
L1 ##h R R A2 AR BN U (52 Sigma
7y ] iS5 0481065) 5 it 2 N R IR — 7K &4 (3-mer-
captopyruvate , 3MP) (3£ [E] Sigma /A A , #it5 90374 ) ;
KIT4 & R (L-aspartic acid, ASP) (J6 5T Solarbio 2
A, 5 506B041) 5 52 FE-3- (4-MG I ) -1, 2, 3- 4%
TSR MR ER (SIN-1) (B T, 415 C1828094) ; £
P 0 §% (acetylcholine) ( Y5 W AE ¥ 24 &), it 5
M20A9K68269 ) ;3-(4,5- — H FEBEME-2)-2,5- " K3k
VU IR R (MTT) (PEPE AL T)) s H.DCFH-DA A&l
1R & (B KA H] ) s Krebs Henseleit 22 1 (7351
T AALEA 119 mmol/L, S ALF5 2.5 mmol /L, S AL #H
4.7 mmol/L, B EE Z 4N 15 mmol/L, HRERE 1.17 mmol/

3-mercaptopyruvate sulfurtransferase;

Basilar artery;  Hydrogen sulfide;  Endothelial

L, B2 — &40 1.18 mmol/L, FZ5HH 5.5 mmol/L, 7
PHE74),

1.2 Ak

121 oo B IR0 h) & Fe R T R 6K SD
KB 60 H, MEMER2F , 7~8 JA Y, 200~220 g, g T2
BUER =L S ot B2 S0 W B A e
St AT IE5- 120 SCXK (B ) 2017-001, ASAfF5%
6 — s LR 2z ], FRE, ik K A
4 (10%, 0.3 mL/100 g) 5 I8 s 3 5, BRI ; JFR T
Jo5 , U, BCE T 4 °CHY Krebs Henseleit 25 & T, 1%
TE A 95% F/AH 5% AR ; WA T, vk
JEE Bk, B AR 3 mm A LS B, O HLE LA [ 7
5K I3 AL A IR RE N I R A A 5 mL Krebs
Henseleit 22 M1 (PH K 7.4) , 37 C1E &1 Hi54 A
W4 38 A 95% B/ 5% —SBALBRIIR A Sk, 5K
T A I, PR AL | 253 I 45 B4 T30 £ fr
F72 mN, F i FE5E , 100 nmol /L 1 Usseno Y 4 1L
B 10 min, F-H 10 nmol/L Z BEAB TR ET 7K 1ML 45 , £
WA B e e o an 2R I 48 &7 7k % T 80%, I 4, Ik
N Bz SE R 5 A R I AE R T RAK T 20%, BA R £
1.2.2  WLE 3-MST J& 49 3MP Fe 4 2] 5] ASP % Usesto
FRM G5 69 e R A9 e K PN B2 SERE 1 SD K FRURG
FLIFE S ik A FE BEH LT 31573 : Krebs Henseleit
SR B2 3MP 2 ASP #H . SIN-14H . ASP + SIN-
120} 3MP + SIN-1 40, 36 4H . 1l &P )5, F 107
mol/L Usseio WA 1L S E 5 , LS 3MP Fl ASP 7E 1%
107°~1x107 mol/L {l[F A #1 SIN-1 7 1X107~1x10*
mol /L i Bl N OO i 48 i &7 sk AR FH . A 1x107
mol/L Uueeio 5 K LA 5K 77 4 100% , ¥ BT 371 4% 2K
THE ASP E I LS SF K B 0 R, Pk a3 =
(Usesto 5 3 LA 5K T3 — i ASP 25 J5 Wi 4 7k 77 )/
Ussoro s FHINCZR TR 11x100% Tl 48—t 25 4 Bz 1fiL
IR, R SIN-1 X Usssero TS ZE 19 25 PN B 10557 2R 1)
Al

123 hFABEIZRPHRALALSTHMNE &
ZH M A SIS A5, WO RE T W . 0.1 mLEVEWR
FRYER T & UL IR , $2 WP Jin A 453050 (Z8 48
K BEFR B RRR R SE ) , B 20 min 5, P
P8R 665 nm, HI 58 A3 G RE THRG I, 1 Sk 45 2H 1Y
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W EAE (Ases) o FH L S0 A0 A 1 25 B 1k A o it
LTRSS E R

124 BRAEEFRXSAIE0E A K@ B 6
HORRIE, FH 75% B3 B 2 mine 4 K BRUSFE TG A
PG L S 0.9% EAL AN WA T O NERE DT
TCPRAS T WS BN , &1 S e T /N0 25 A i
B TG BEIR ZZ v £8 1 (PBS ) il Yk 2 30 , 4 1 45
RS BT INA B JE R 1T (CTAEHREE R 2 mg/mL) 1
EP 45, FHARBL 59467 I 1 45 i 42 B R I, 37 “CH Ak
30 min, HALJE B0 PREBVINE . 24 TRIFRIEE SR
1~3 h JE 35, H 04 77 1 40 i A 4 2 e e 25
B, 2 JE AR A DR 2 L 3~5 d . 2551 80%
BRI G AR, TS5

125 SE 320 B R R 40 bk B AR B A 64 32
o R AR B KOS R P B A0 i 4 it
MUECT- 235 R 6 41, X REZH 5 AU 2 3MP 41, ASP
ZH,SIN-141,3MP + SIN-1 41 ; B %t BEZH LA AL, HoAd 5
Y AT G S AL R RIDRE AN I T 37 °CL95% AU
5% SR AR I IR AU v, IR AU TP ) SR A
AR IRAS WD HAEFRFEAR T 1%, 244 b

1.2.6 ASP.3MP A& SIN-1 2+ R j& 4m it i& 1 49 % &
FEHR“1.2.57 5040 Kl 4R A AR AP, B4 h ),
FLIIA 20 pL MTT(5 mg/mL), F 37 °C,5% ALk
WECIEE 4 h, W5 FIEW, A 150 L —H LR
(DMSO) , 3Z4% 10 min. T 490 nm P, FHEEHR A
DR SCRE , H 31K

1.2.7 3-MST &bt Rk e ez 7k B ik & SLER BLA
Br(LDH) 89 %h KA iR 1.2.57 704, a)s
WCAE B 3R 3% I 5E LDH /KW, LDH 2 & FH A
FEORMREIN R | RN 56 IR , VST S 24 0, Hi Y
1A /R B (Lambert-Beer law) , 1] FL @453 S ST,
1.2.8 3-MST W F @& A v % m R
H.DCFH-DA % J6HRET , R 20 it o 305 P 42, 40 ff
M, 4R AR 28 70% isf I I IE 7Y DMEM DLk 24
h, b F R — A K S IR 1.2.57 0 41 45 2, B4R
4 h, il A H.DCFH-DA %GR e 5, 37 CHREOGIFF
30 min Ji7 , 26 B T VSN PN G AU B
1.3 ZFitZFEFHE K Graphpad 6 FA4: X 5L 56 %k
PEIEAT 0T, A BRI UL & + s T o PIGLIA] HLER
KB ¢ K56 5 22 40 2 1) Ho A FH o 2R 22040
(one-way ANOVA) , ZH [A] 9 4 H A SNK i, P <
0.05 1}, IN R ZEFA G5 L.

2 H#R

2.1 ASP.3MP 3t Useso T U 45 B9 I B I8 B9 22 N
WF PR, SXF A A, 3-MST #il 7] ASP Xt

Ulsssro TR M A 22 57 EGE 11245 L (P> 0.05)
3-MSTJEEY) 3MP (1x107°~1% 10" mol/L ) A] fii Usesro Fil
W4 B IS PR R 5K, B KA (Eaw) 4 (25.36 +
0.81)% . SXTIAMIL, ZRAGEIT¥2EX(P<
0.05),

R BBEEUE I ASP 3MP XTI K ST (n = 6)
He s KR (%, %+ 5)

(M) xfmgy ASP4] 3MP4]
-5.5  595+3.62  239+295 12.06+2.47° 15423  0.002
-5 642+1.81  644+4.65 22.19+3.15* 13.291 <0.001
-45 589:+1.64 7.25+3.55 2221+1.61° 23.703 <0.001
-4 1132124 1142+2.62 2536+0.81" 19.042  0.001
-35 1047266 13.92+421 23.49:4.67° 2425 <0.001
-3 8.55+2.52 13.68+4.93 22.97+320° 5.111  0.020

Y ASP R TSR, 3MP BRI ERR KA. 5 B
M, P < 0.05

2.2 SIN-13F Usero TRULZE N EEEFNE N R ME
IRHYSME AN 2 i s, 3-MST #4357 SIN-1 (1x
107°~1x107** mol/L) REMEET 1K A NI SIIKIR (P <
0.05) , I H HA M BRI , HE5 1S 50% $5e K
e 7 (ECso) A (1079 + 10" ) mol /L, E,us N (94.67 +
3.99)%; 5 N B 56 3 g ik R (+Endo) #H EL , SIN-1 7€
1x10*°,1x10™ mol/LYKFE T , KN Bk (~Endo)
X SIN-1 A SRR B R AT, {H 55 0 REZ LU B0 OR 22 5%
HGTFE L (P<0.05),ECso H (1077 + 10°% ) mol/
L,E... 0 (102.50+5.51)% , # 2 #0376 N 2 52 5 50
7€ 7 WS DF

T2 BEEEVREENY SIN-1 X B2 5E 36/ 25 4 B A BRI
W (n=6)

FPIRAR (%, %+ 5)

FE P

?;g%) POgi X AR SIN-1 SIN-1
(+Endo)4  (-Endo)4  (+Endo)Zl (-Endo)4l
-7 3.58+0.48 538176 123+1.22 822223
-6.5 6.12+1.45  9.61+247 340+272 10.40+3.50
-6 7.65£3.60 625+3.40 420+198  6.68+3.18
-5.5 838+3.91  7.92+294 9.61+321 11.35+2.94
-5 13.27+2.82  9.89+4.01 15.66+3.99 12.63+4.04
-4.5 1536+3.40 8.05£230 57.11+5.68" 28.41+4.89"
-4 14.82+5.11 1020296 79.87+7.42" 46.16+8.94"
-3.5 14.58+5.51 16.83+3.03 94.67+3.99" 102.50+5.51"
FIE 1.691 1.426 50.487 45354
Pfi 0.139 0.222 <0.001 <0.001

1 :SIN-1 K 5-25E-3-(4-M k3L ) - 1,2, 33 — k53R R E: , + Endo
TR SEREBIKIR , -Endo 7k 25 N S SIIKER . 503 HE (+Endo) 41 4H Eb
5 ,°P<0.05; 5% I8 (-Endo) 2L M HL 3 ,"P < 0.05 ;55 SIN-1 (+Endo)
AR LEEL P < 0.05

2.3 ASP.3MP Xt SIN-14Fsk B RIRIE 03
i 7n, SIN-1 89 ECso A (107 £ 10°%%) mol /L, Enw N
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(99.49 +6.46)% ., 5 ¥LF SIN-1 40 b4, ASP+SIN-1
L RENSIIES SIN-1 EF K IMAEVER , ECs R 2 (107 +
10°22) mol/L, B 4 (95.56 +9.62)% , 22 574 B it
B X (P<0.05) ;1 3MP+SIN-1 ZH RE % 55 SIN-1 &F
sk I B VE T, ECso B 2 (10755 £ 10™°) mol /L, Epnae
HF(111.49£9.62)%, 25 A 412 E L (P <0.05),

%3 ASP.3MPXJSIN-1£F K M4SN0 (n=6)

i FPRRE/(%,5 £ 5)
(IgM)  SIN-141  ASP+SIN-141 3MP+SIN-14]

Pl

=7 3.58+2.22 3.39+2.84 7.71+3.97 3.730  0.051
-6.5 7.65+2.72 6.25+3.30 9.29+4.26 1.143  0.344
-6 1432+398 11.69£3.50" 20.66+6.05" 5915 0.013
=55 28.71+3.21 18.77+6.54 30.66+9.65" 5.00  0.021
-5 39.36+3.99 31.25+835 58.89+8.32" 23.46 <0.001
-45 57.11+5.68 40.10+£3.72" 97.13+9.50" 113.16 <0.001

71.71£4.43 105.13+14.18" 8.287 0.003
95.56+£9.62 111.49+9.62° 546 0.016

-4 79.87+7.42
=35 99.49+6.46

U ASP R TTAZR , SMP W B AERAR —/K &%), SIN-17 5-
L3 (AT )-1,2, 306~ MESHEEREL . 5 SIN-1 41HH LR, P <
0.05; 5 ASP+SIN-1 ZHAHIL#L ,"P < 0.05
24 3MP.SIN-1 % ASP &3 & K iz i iE i ik
hESEMNEm  25FRmE 1, K RILIEsh ke
Ussoro W 4R 5 OFF FEZH ) A (40.87 £ 4.83) mol iia
Ay, X IR AR, 3MP (1x10°mol/L) A7 £k
AR (51.19£2.45) wmol 3411, Z A G5
X (P<0.01),SIN-1(1x10*mol/L) HER AL E 1Y & &
(80.39 = 3.09) pmol 3 Jii (P < 0.01) , fif B FH ASP
(1x10”mol/L) 4t fb & 1) % 1 (36.77 + 1.88) pmol
AW (P>0.05), 55 SIN-1 40 AL, ASP +
SIN-1 4 Bifk & & & (69.25 +2.26) wmol A (P <
0.01) , 3MP + SIN-1 ZH i fb. & & 2 (90.09 + 5.36)
pmol F+5 , Z A G L (P<0.01),

2.5 3MP.SIN-1 % ASP Xt A & 20 ff1 i& 1 69 220
SR ANE 2 s, S0 B F A B2 MTT Y (e n]
ULZ0 3G 17 (56.75 + 1.59) % Bk (P <0.01) . 5%
RUZHAR L, 3MP 2H 4 HU05 7 (66.05 £3.07) %38, 22
SR G E L (P<0.05) , SIN-1 441 il (4 15 /1
(66.89 +4.46) %1 /il (P < 0.05) ,3MP + SIN-1 4 5
TR T AN 1 (75.41 £6.81)% , 2 FH BT #
B (P<0.05), 1 ASP ZH 4115 77 (48.40+3.13)%
TRE(P<0.05),

2.6 3MP.SIN-15 ASP X} A R A REIE 3% L5k &
LDH ®J &M W3R 4 R, 5 XA [, A 4
B 380 LDH THE (P < 0.01) , BT BUli & W
B A g3 5 1 LDH Ui th 3 £ 5 SRCRUZ AR LE, 5
A H 3MP F1SIN-1, GEH P Kz 4 ifd | 3% % - LDH

TRE(P<0.01);3MP + SIN-1 4, LDH /K F R (P <
0.01) ;f#i i ASP, 3% h LDH A Fi T (P <0.01).,

100 ab
T

80

60

FriE/um

3t

i

#5404 —

204

0

R @QX ‘§><

S v
T : ASP S KT T4 2R , SMP A B 35 P il i
FIE-3-(4-GWkIE ) 1,2, 30 eSS ERRREL
0.01;5 SIN-1 41 Fb4¢,"P < 0.01

1 ASP . 3MP S SIN- DX I Ak S & s 1Y 5200

KA, SIN-1 Jy 5-
5t A A, P <

120

1004 —=

80 - b b T

60 b

40+

20+

I g CREXT 5% IR 1%

0

T T T
PN N K > :
4%@;2 y%’fy S ¥ § §

T ASP R T4 AR, 3MP BB R — /K54, SIN-1 4 5-
-3 (4-T BRI ) - 1,2, 3-8 RSHEREREL . AR T 0 F=
73.28,P<0.001, SXFHRLHES,*P <0.01; SHEIL 5, P < 0.05

B2 MP SIN-1J ASPX PN Kz 4 i35 1 F 52

R4 FAAMHIREP LDH 18 AL

215 bR BE/ (umol /L) LDH/(U/L,X + 5)
payiists:l 43.93+3.99
[T RIVE) 174.24+2 44
3MPZ 50 137.96+6.40"
ASP#H 100 198.02+9.85"
SIN-12H 10 136.1749.56"
3MP+SIN-14H 50+10 112.63+8.08"
FlE 253.2

Pfi <0.001

4 LDH LR B U, ASP A K14 22 , 3MP A Bt 22 PN il iR
TIKEW,SIN-1 0 5-FHE-3-(4-NG k3L ) - 1,2, 3- 0% —REHERFR £ .
SXTRRA LA, P < 0.01; SR i, 'P < 0.01
2.7 3MP.SIN-1 % ASPX A AEERSENE
Mg ani&l 3 pros, 555 R A L, AR AR 2 15 PR UK F



+2346 -

% #% & 25 Anhui Medical and Pharmaceutical Journal 2019 Dec,23(12)

(o))
[=3
S

& b
= 500 a B
5400- b b
= 300
=
= 200
i)
42 100/
W
H OH
5 N S@' S &~
- NN AN
&
® O )@3% ) had %®QX(5\ @
o
o

I Z5 M F=20.79,P <0.001, SXHRL L, P <0.01; SHERIL] L4, P < 0.05
E3  3MP.SIN-1 5 ASPX 2 s A 76 PR 4 19 520 ( H.DCFH-DA D GIREFX200) (n = 3) : AT HRZ, BAREEIZ , CH3MP

20, D ASP4H , ESIN-14H , F 2 3MP+SIN-14H,G ly AL 1K

(487.5+19.48) %W it T+ (F=21.54,P<0.01); 5
FEARIZH g, SIN-1 46 PR 4K (310.18 +42.80) %
A% (P <0.05),3MP + SIN-1 21 1 M40 7K - (300.18 +
40.01)% % ik (P<0.05) ; {5 J2& 3MP £ (390.30 +
92.72)% 1 ASP £H (520.87 + 14.82) % X% i 1 %8 7K F
/N, 225 TR L (P>0.05).
3 itig

ik 0L/ 50 S O I B LR R 22— A
S A I A ) A R R X R R R A
L WS AR, SR B A AR Ak S
TR GYY4137 gt il R BB S B4 . 4k,
WESE T Ak U —Fh 8 22 i R PR SR JF
AT Z AR, b S S 5 RS kS
e B RSB AR T B R A TR e
ARBh ke, 3-MST R HS 3-MP 7= 28 N IR R B AL A
HE— 20 S HE T 3-MST 2 it b & i) 51 28 >k U5 A 08
JEU T EL, SR ARIE , 3-MST 16 45 P J Zm i,
TE B A o A 2 AR A ek

FEBEIERN T, ASHIFFE IR 32 F 3-MST B4 il 551
ASP, JEEH) 3MP FIsh 7] SIN-1 353 3-MST A 1 B
A U0 LA i A AR T LA B RE 5 DR i it 4
PN R A, 45 SR AR s 6 T I A BT 4 R0, 3-MST Y
3IMP RERSAE R ML A &7 5K , 3-MST I 3h 77 SIN-1 % Kk il
NN KA e BE AR A B SR AR T ASP SR
o R I A WS A A T, AT 25 S g iR S ASP
REfE IS5 SIN-1 &7 1A VR, 3MP R84 9 SIN-1 47
MAEVER . MR h i & & R
3MP F1 SIN-1 g8 14 hn s Ak =09 A il , I H 3MP
FISIN-1 4 Pr[E/E T, 1 ASP fiEf% 3 1] SIN-1 A 1
X5 R A &7 sk AR A 25 R 08— 30y, i —
AU T 3-MSTA AL RS 5 T &7k L3l
kA AE

ABFFEHE— 5 R0, SIN-1 %] N iz 5 % 1l 4 1)
EP IR AT 25 P B2 LA, #2718 3-MST 7= A 1 i Ak
A FHE N EVE A N A EALEI 25,0
LR UE , P2 40 M0 T LA 1k 3-MST 3 77 A= Bt i Ak
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WE.BHH @ IE AL 2 8 LB 2D6 (CYP2D6) 3 R 235 ME A BRIPE R B i 225 1 3 45 Bl S 1V, (polymerase chain
reaction-restriction fragment length polymorphism, PCR-RFLP)A /7, ikl 300 PCR & 8K 2 W DNA #ib F AR
RER AT | 0 L i R it A PR D10 ) P 25 12 i e A S 25, 157 LA PCR-RFLP {25 S BEAMl T 245 CY P2D6 B P 7Y
Rl gy, 858 R PCR-RFLP LB K I CYP2D6+2 , CYP2D6+10 Fl CYP2D6+ 14 JEH AL, H i B F 6, 20 92 . 45k
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Detection of CYP2D6 drug metabolism related locus

polymorphism by PCR-RFLP
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Abstract: Objective To establish a method for the determination of human cytochrome P450 2D6 (CYP2D6) gene polymorphism
by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).Methods The experimental conditions were
improved and optimized by increasing the sample size of DNA template, reducing the primer concentration and the amount of re-

striction endonuclease in PCR amplification system.The method for detecting the CYP2D6 genotype of liver drug enzyme based on
PCR-RFLP method was established.Results The CYP2D6+2,CYP2D6%10 and CYP2D6%*14 genotypes could be detected by PCR-



