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= Abstract =

Background/Aims: Ischemiafreperfusion is associated with mucosal injury in trauma, major
surgery, and nonsteroidal anti-inflammatory drug administration. Nitric oxide and cyclic nucleotides
appear to play a cytoprotective role against gastric mucosal injury. Present study was aimed to
investigate a cytoprotective mechanism of gastric cells against hypoxia/reoxygenation. Methods:
Isolated gastric cells treated with or without sodium nitroprusside were exposed to hypoxia(30min)
freoxygenation(1h). Histamine(10*M) with 3-isobutyl-1-methylxanthine(10*M) was used to
stimulate acid secretion. Acid secretory activity was measured by [”C]-aminopyn'ne accumulation
ratio. The intracellular cGMP and cAMP were determined by radioimmunoassay. The cell viability
was assessed by lactic dehydrogenase release and trypan blue exclusion test. Results: Hypoxia/
reoxygenation inhibited acid secretion, but increased intracellular levels of ¢cGMP and cAMP.
Sodium nitroprusside inhibited acid secretion stimulated by histamine and 3-isobutyl-
I-methylxanthine. ¢<GMP level, but not cAMP level, of gastric cells was increased by sodium
nitroprusside. Cell viability was neither affected by hypoxia/reoxygenation nor sodium
nitroprusside. Conclusions: Hypoxia/reoxygenation increases cGMP and inhibits acid secretion,
possibly through nitric oxide induction, which acts as a mucosal defense mechanism. Increase of
cellular cAMP during hypoxic exposure is thought of as cellular adaptation, and this is not related
to acid secretion. (Korean J Gastroenterol 1997;29:164-174) ‘
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2] ad-oll AHg= glek 2|%9] sodium nitroprus-
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71 New Zealand £ E7](1.5-2.5kg)oll secobarbital
(30mg/kg)-& BFARsto] up R} okg ERE Ariel
of B Sl RS} ofehs Wipe 2 TUE 4K
shole) 3-8 E3lo] Sml2] heparin(250U/ml)-2 4]
2 Fol PRI 1F EBE Foto] FUA o
A7k Wag ZAsdck TS Ahslel g tiE
g AL AR 3708 LTS QieisEel
(PBS; NaCl 149.6mM, K,HPO,, 3mM, NaH,PO,
0.64mM; pH 7.3)8 XI5 %slo] Tulog 7b4] F
It HAlol 2ohE: o] PFol Lho % 2k
o] thyol] ol ii-E-o] PBS 842 HHIS
A =, 35 S5 45ml/min%] 2% flow inducer
(Watson-Marlow Ltd., Cornwall, U.K.)Z 2&s}eic]
Slella] Hoflo] 2k AA=ZI7EA] dizk 500mle
PBS & iHslglon, % & HEslo] 4kg whe}
ANEE 2 HEEE vIlch

tlo

2. AMME 22|

e 9lo] Het ARRE At AFRhE
PBSZ ofeH Al ¥ @2 E7| 5 AlAste] 2t
of 9} JE-Eat i A AEES A7lslsick 94
uhg FEo R RE] Reldh 3 A o] Ahazs) 4t
fpgol37v)e P sk 50mio] colla-
genase $H4- £l(NaCl 130mM, NaHCO; 12mM,
NaH-PO; 3mM, Na,HPO, 3mM, K,HPO,; 3mM,
MgSQ; 2mM, CaCl, ImM, phenol red 10mg/L; A8
Z)#ol] Type 1 collagenase(Sigma Co., St. Louis, MO,
U.S.A) Img/ml, rabbit albumin Img/ml, glucose
2mg/ml Z7ho| ¥ 200ml Eee-zoll ZA 4 o A
oS &7)3 100% AR FSRAT & Balo 37T
Zol|4) 7hA EEH WAL AE HEsto] ik
Az upz| o] A 2hd-E 5ol sl 90
BE o) Hej=m vhe-g A7 ol 4
3 Aol sPsigich H4lAIEe] ol FAlNE
nylon mesh®. of@ks}o] 15ml Al el 7o ofuf
AgollA AAEE A Tlelgol 4 EelE

SHA] FIE A 48 2A3ks1HA 4A A AR
A = Ak ALollA working buffer(NaH.PO,
0.5mM, Na;HPO; 1mM, NaHCO; 20mM, NaCl
70mM, KCI 5mM, glucose 11mM, HEPES 50mM(pH
7.4), CaCl; 1.5mM, MgCl, 1.5mM, bovine serum
albumin(BSA) Tmg/ml)2 33] Al&tsto] AL ZY
€] collagenase S AAsIIcE® Bl YAAE=
trypan blue exclusion®] &2 A|E AYZ&go] 90%ol4t
Q% Beldh  Atle] ALsigich

3. Mika/Tdtast A¥

Balxl AAEE working bufferol] B4 2171 %
10°M-10°M  sodium nitroprusside(Sigma Co., St.
Louis, MO) Foiit®} thzdo g JrEsled 100% A
A(ET) BT 100% A(AAkaF) 2738l 30
SZE WAz Bhge] Bk dlzge) AAAT B
T 100% AaAtelE Askslgdel o] 2 ¢fA] histamine
(10°*M) 3} 3-isobutyl-1-methylxanthine(IBMX; 10°M)
Folat Fodelr| g TR islo] 25 37l
A 60-27F HREAIH L MAAy kAt A AR 9
Agn|e] Hu2 AEWL)e] [“C)-aminopyrine %3]
B8 ZAsl e, YAMNTNH cAMPS} cGMP 9
AFAZEE Aot

4. [**C]-Aminopyrine &5H|8

Aminopyrine-2 °Fd7] 24 4] 94 AlFEte g
bk aejeg YAAE WHelel [MCl-amino-
pyrine &7 vlg-2- 94 0] FHe] A EE At
042 “Cl-aminopyrine 8] ZHA13-2 Berglindh 5-9]
WO Sasle] AMgeiinh. goksim AL
AbeB(25mg $58ml)-S sodium nitroprusside o937~
I} tizFo g Lol 37TlA 100% A4 e Ak4-
Fastoll 3085t WHSAIFT) 302 4HER] FA
AFellE 9)%) histamine(10”*M)Z} IBMX(10°M) & Fo]
sk EAlel] 0.2pCi/ml  ['*C]-aminopyrine(109mCi
Jmmol; Amersham International plc., Amersham,
UK.)E YHAZ BAtlel] Hrlslo] 37Tl 6047
100% A+4& Fgstolld E5H g4Izl 7l A &
H|E fAISE tizatell vehicleRt H71eh Fd=7]
o2 vhgAZek  whsg A4EelEed(20,000Xg,
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28) A8 AL (pellen ™= IN NaOH 0.5mlE 7}3}o]
SaiAZ.oH, AZH(ImD)-S TZ 10mle] Instagel®
(Packard Instrument, Downers Grove, IL, U.S.A.)-&
71gkE w58 Beckman LS 5000 TA Counter
(Fullerton, CA, US.A)E &A1) JAAE L3l
oH9] vlAl=(radioactivity of pellet, cpmp)3} $A A
9] ukSoHo] HlAle(radioactivity of supernatant,
comThe] WIS ARAE] 4 H0)E Frbsiic
[C]-Aminopyrine &% ¥|& = cpmy/cpmm

5. QIMMZEL cAMP &3

Hhgo] ke YilEelsle] e AHME(T5mg
&&eml WS 200/2] Tris/EDTA  buffer
(50mM/4mM, pH 7.5)F 7k 283 Falisiich
Bt QA NEE 1000 G20l 357 2 phospho-
diesterase BA-S JAKZ|5L b AS ST vh
20000xgz 287 fAEEEsck iR
cAMPE= WAl &4 X|eH Amersham International
plc., Amersham, UK)& ARfslol YAlERE de
Apalolla] ARk 2eksiu, 4l 50uE ot
o] Algtoll ['HI-cAMP 5048} 723<h] 10015 A
7kslod Aol e iR WAT (2-8T)ell 247 B
sigich A8 charcoal 100415 7Fsted 587F
3-8-9jol] ubx]g} ohg- 12,000 x g& 283 YAHERIF
3R)-ghA] uhgo] Uoluk cAMP g A5l 2004 ol
Instagel@" smlE i 487 vk 52 EAsd)k $)
AAEW 85 cAMP R 2-10 pmole HYE =
NG TERAE ol $sio] AAC

6. IMMELY cGMP &F

CAMP ZRA)sh B R 285} Raiak 44
I BANS 00T 2ol 387 ¥ phosphodies-
terase B4E AL Gids A v
20,000s2 287 ARt F A FgAI%
{Amersham International plc., Amersham, U.K)©o.E
Zgagek aokela, A4FH 10045 Fstod [HI-
cGMP 5049} 3 94 504 H7bsto] dgoll A
Az WA2-80)ell 9087 Baksigick (NHa),
SO, £ ImlE H7kshe Bl S WAG 5
12,000 Xg 2 287 QA elelo] Helikgol YolhA

R cGMPE $Hgh A5l e Alga-s A3
o] §fo] ZE2A| ¥} 7 W5 offslo] F BHE
2HA) AL 255 1LInE 2]slo] Instagel® 5
g Y3 487 WA Sl GMP FE:
2-10 pmole W 9|2 2HAJ3 HFFAE o] Bulo] AA
slslek

7. ME MEE

g A e 9 Ay AkAsE 393} sodium
nitroprusside *]2lo|¥ ¥ WZAH = y2Ho 2 &
g)=]+ lactic dehydrogenase(LDH) #4) &4 1l
trypan blue exclusion®] 0.2 #9lsl9icl. LDH #4
© Babson ¥ Phillips2] W* oz 2ok

8. SAAz

RBE A “HFgrEFAE Tgsgev
Aol Wizt okikg 71Estr] 9lste] analysis of
variance & o]-8}9jt}. Post-hoc testZ2+= Newman-
Keul test 2 $-214-8 348k Plol 0050151 7
$ F23F Helr) e AR Hrlslaick

g4

1. 71% S} EZI AHZHIO CHBF MAL/RHAL
so| g3

A4 BpslollA] [Cl-aminopyrine2] AEH
2|82 7)2AEt 2540.1% ©|%)T, histamine
+IBMX 2}ol| 28t Z2dellelld = 8.3+0.3% (712
Ao 332%)019lck  HAMEE ALty Al tstoll
L 2AF1EL] 72 SJAENE 1.640.1% % Aakita
el 60% 2 FHAEld T, FA el = 5.4402%
B AR Hhge] 65% 010 HFig. 1A)

2. MatA/Tiaraslo) 28t MEW cGMP 3
cAMP HE

Raabazsle] 7)1z elollA AIEW cGMP= 040+
0.07 pmol/mge|%l3, histamine +IBMX A}Foll o]3l|
1.84+0.11 pmole/mg Z7}sto] 7|24 elje] 450% ]
Qe SHAIEE ARSI X3 AR o)
AFEW cGMPE] 7124 el(1.1240.19 pmole /mg)T
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Fig. 1. Effect of hypoxiafreoxygenation on acid secre-

tion(A), ¢cGMP level(B) and cAMP level(C) of
gastric cells with or without treatment of secre-
tagogues. After 30min incubation under 100%
Na(hypoxia) or 100% Os(normoxia), further 1
hour incubation with or without treatment of his-
tamine(lOJM) plus IBMX(IO“‘M) was performed
and 100% O, Each bar represents mean= SE.
*P<0.05 difference from corresponding normoxia.
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Dose response of sodium nitroprusside for acid
secretion(A), ¢cGMP(B) and cAMP(C) of gastric
cells stimulated by secretagogues. After 30min
incubation with treatment of sodium nitroprusside
(10'5~10'3M) during normoxia(100% O,), further
1 hour incubation with treatment of hista-
mine(10°M) plus IBMX(10*M) was performed
under 100% O Each bar represents mean* SE
*P<0.05 difference from gastric cells without
treatment of sodium nitroprusside. SNP,sodium
nitroprusside.



Aslled 2 291 $J4AlZoll et 2AbAyARAb43te} Sodium Nitroprusside®] °d&F 169

LA FEHHE wiEc}h o9iAl =9ka, his-
tamine-+IBMX ol 98k ZAA ol 2.4040.14
pmole/mg 2.8 ZF7}3lIrHFig. 1B). o]3 AdayA|
43t xFoll ¥t cGMPO] Tl Aditazsle]
cGMPx|¢} vszslo] Eull 7] 9 X1 elellA] 2zt
280% 2} 130% o]%ich.

A4 Bgsloll MEW cAMPE 724 lollA
¥ 2.63+0.20 pmole/mg ©]%31, histamine +IBMX
Aol o]a 16.403-0.45 pmole/mg 2. F7F51%ck. A
Adfl ik slol] 2EAT] AES] 7128 cAMPE
11.8741.00 pmole/mgolglst, 214 eloll A+ 23.01
+1.90 pmolefmg® Zrkslo] zhzp AHAA Aelo
450% 9} 140% 2 AAAS/AAAEA] AIEY cAMP
7t AAs] EskehFig. 10).

3. XA/ XHAMA3IRL sodium nitroprusside
7t HIEZMERM alXls A&

ka9 Ay AAS =5%F LDH fele
71 24ele] YAAEN] 742} 45.1493.0 WU/mIS),
46.542.5 WUjmlo]9].o.m, histamine +IBMXol] 2]&}
Hul 2A4dle]  HAAEelA oA 48.0+3.0
WU/ml, 45.1+4.0 WU/mlIZ ®Xo]7} glglvKTable
). Trypan blue exclusion Hoil 2J3} QAL WEE
ZRME Bgte 9 ALy ARt 2FF V)X
gl 9ARY] 3 AT AEEAN o) AeolE
UERHA) ekttt Sodium nitroprusside(10°M) $o3
3= 1.DH-S2] 1 trypan blue exclusionel] d¥k-s F4|

stk

4. Sodium nitroprusside?} SIAH2H|0) D)X
= g9

Histamine +IBMXol| 2j3ll $JAR8u]= 7] 2469
2.540.1%14 831403%% #AEUcKFig 1A).
Histamine+IBMX x5l 23t QAW gha
sodium nitroprusside 10°M~10"M #Hrlg E5o)s
ZHog oAl=ElglckFig 2A). Sodium nitroprusside
10°M 1) 5x10°M Foi4] JAEu)E H wio] gl
o}, 10*M, 5x10°M3} 10°M FoA] 7}7} 6.8
0.5%, 5.3+0.4%, 4.2+0.4% & [*Cl-aminopyrine <%
20| Zha=gdch

5. Sodium nitroprusside?}t SIMAIZLY
cGMP ¥ cAMPO|| DIXI= S8

Sodium nitroprusside 10°M-& 7} 9] &40,
HAPkE o) AR AR ) BRI
9] cGMPE Z7MA o, So) AAAyAEAS Ao
ol histamine HIBMX 2 ZZ1A)7 944 FeflA] ]
% gAsiglriTable 1). & 7|24 elloll A ZJAkAY 204t
Z3ol] =25 YAMES] cGMPE 1.12+0.19 pmole
/mg o2l 21} sodium nitroprusside S034] 5.64 +0.99
pmole/mgZ Z7}5}9)L, histamine +IBMX & 2}=3}
) AAMEY] cGMPY= 2.4040.15 pmole/mg ol|4] 10.20
=+ 0.91 pmole/mge & Z7}=|9]lc}

R AelollA] sodium nitroprusside 107°M-g-

Table 1. Effects of Sodium Nitroprusside and Hypoxia/reoxygenation on Cell Viability

LLDH release Trypan blue exclusion

Basal

Stimulated Basal Stimulated
Normoxia 45.11£3.0 48.0*39 920110 92.6+1.0
SNP, 10°M 455t28 459+29 944110 934:+1.2
H/R 465125 45.114.0 93.1+%1.1 925113

Values are mean = SE in WU/ml (LDH release) and % (trypan blue exclusion test). After 30min incubation
with or without treatment of SNP(10°M) under 100% N, (hypoxia) or 100% Os(normoxia), further 1 hour
incubation was performed under 100% O-. Gastric cells were stimulated by histamine (10°*M) with IBMX
(10°M) at | hour incubation period.

SNP, sodium nitroprusside, H/R, hypoxiafreoxygenation
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Table 2. Effect of Sodium Nitroprusside on ¢cGMP and cAMP of Gastric Cells Exposed to Hypoxia/reoxygenation

cGMP cAMP
Normoxia H/R Normoxia H/R

Basal

None 0.40+0.07 1.1240.19 2.63+0.20 11.87+1.00

SNP, 10°M 2.73+0.18* 5.64+0.99* 2.66:+0.30 11.00+2.05
Stimulated

None 1.84+0.11 2.4010.15 16.40-0.45 23.01+£1.90

SNP, 10°M 10.46 +0.54* 10.23+0.91* 16.30:10.66 22.13+2.89

Values are means.=SE in pmole/mg protein. After 30min incubation with or without treatment of SNP(10°M)
under 100% N, (hypoxia) or 100% O, (normoxia), further 1 hour incubation was performed under 100% O..
Gastric cells were stimulated by histamine (10*M) with IBMX (10°M) at 1 hour incubation period.

P<0.05 difference from corresponding gastric cells without treatment of SNP.

SNP, sodium nitroprusside; H/R, hypoxia/reoxygenation

Halgk 79 7lz2del YAAHIES] cGMP: 580% &
7}5}91a1(Table 2), histamine +IBMXZ £ZX1171 ¢
A M EL sodium nitroprusside 10°M~10"M 2744
xx o)E&x o g ¢GMP7} Z7}E]9r} Sodium nitro-
prusside HPHElFe] cGMP G5~ 1.84+0.11 pmole
/mg ©]g]em, sodium nitroprusside 10°M, 5x10°*M,
10"M, 5x10°M, 10°M XAl z}2} 3.86+0.27, 4.29
+0.45, 5.60+0.51, 7.89+0.50, 10.46+0.54 pmole
/mg 2 Z7}E]rKTable 2, Fig. 2B). L&t} cAMP&
sodium nitroprusside §-odol] Jslo] WMERIX] o)}
(Fig. 20).

! &

NO= ub < olu)Alkel L-arginine 2.2 K€ NO
synthaseol] 2Jsl} A4 xlo] o] o] AollA Ale]
9 wle) 28 a7k 29 Qlok® H ol F
2] 9] Hutolld] Ca’'¢} NADPH 2]&A4 NO synthase
7} whAE]o]™ NO7L $1AhRuleF™ g dut ¥ ol %
ojsleleli= 7hsAle] AAIEGIEE! NOE S14ute] &
4 SR)ol] Bodelel”, oleIqt B4 RAlolls NO
of 93t 9] Wi ZyPL & eRleE Argahrta 7
o}, 0] NO synthase 34 E7} zsls]wd NO A34o]
astol, A "5 7hdkoll o3k AbA I AR

AFEgo] ok 7S ALY 5 ok =g
NO7} Aol Bu] Y HCO; ¥4),* prostaglandin E,2}
A o] 9lo.z #Y NO synthase BAUE 7H4F o]
T B Aol A4 Zlen FRHctk T &%
o] NO= 939t BErl5o] qlovt theke] NOw 2
#1279 )Rt £ oAtk Bar*e} gl uhiol)
A NO9| & AL A o chaltols] FHut Al
Eo] NOAAo] el ok Hrke Ba®g mefd w)
S} NO synthase SHAE HES choke BEY
A QST A5 Bl ke Aoz FHY 4
ek

AR AL R A] Sk 9 Rtell oig)
NO<g|] 324 7]- 0 2= NO synthase &43°, &
i A R R T i e B - S L o S
o] 7ha" At 9] 74 A4 f2l719 NO
o] Aoz ol Adfelr|el A Fol Basigl
k. Senoo 7ol mEM Aibioly Hul S 9
Holl4 Foigt Alo] ExNE afjollgh ksl weia] 2
AbA o] fAbEH] ATt shte] et Reagle
2 288 Aolaka #9)ck 91742t NO synthase 24
5 527} Sdut S el F28 Zolehs M
o} B Alglo] HoiFE NOO gJ4bEn] oAalrlEnt F
ghslo] Bl $)xlet B 7|50l 94Hn] A7} ol
o 7EsAle) s k. olgE Y B3I R- ¥
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T I AHZellA F2id NO eii7iel} 213 S hxto]
28 9910 A gtort, B Agellde a4
F o]9]ol] Mol Eafsl= NO synthaseol] 2j%
7Vs43E AXsRIcke Aol F23 Avtet & = 3)
o A Al A4EE 2ol AL 2A)
whslA] oFE ¥ NO&= A4ks: o] foll i et K57
S8 RAREY AR 3 QTINE Akl 7]
Z Ab Fnlolld] NO FodEA-g Foldl 7% A
cGMP7} ZAakA Aelloll Aol fALsHAl BAs] F7t
shick oleidt Atz ulFo] AAkAyaptAst o]F
AAE NOg] Rt BHe7lee FAE 5 vk 44
of 7Rseiet 3 Aol AL AL} ol Zha
5 AHR]E HEAESO ) cAMPO] ZHavt ¢
omz e Hal HEAEE] shlol] & Fe| obd
o] FH=Ark

JArPH] 2] $73 23 histamine?} H; ~gAleke] A
gtolt o)all Guhul el adenylate cyclase BANS 7}
7)o E olFojXl}t  Adenylate cyclaset cAMPE
Z2X)7, cAMP 2]FA] protein kinase A(PKA)E 3+
A3}A)7]3. PKAE H', K' ATPaseol| tha} oz} o]
o bz RulE FNANES TRl S
ul9] 7hae AEW oi7HER] cAMPe] ZHAv el
U 2 Ayl Sk A3 B3rk ol
S elolg 7P 4 ek s AAkA kst
o] % $JAkRu| ofANRLI7E AEW A1 ALAA TH
el CAMP ol¥ Ehlell Roft 7hs Aol i Bl
cGMP uii7l] $l3Hen] A 7bgAdelct $Ate] B+
2 AT} A A Aol NOsl Sfslod Slat
Huly} oAl ZAjol| cGMP+ £7}6191. o0} cAMP
= Ee) glgd Axks Fuwl A3l cGMP i7lell
2J8)r SAHE] Al Vs Ae] BF Foink # @
g o] 84 A5 ol NO7} Al cAMP 2 cGMP
BEE AEA7R BT, A% A HEE A
A §A% A9E glol NOS| 2Hgol cGMP 2JE4 73
Zo]9]ell cGMP uH|2|EA 727} Hofdt 7o) Al
NS ook dEh} HIE ok Alell sht 2 A
¥ Aok o] 5 Ay Znlels gel NO Folf it
4 A 2 ARy AR} o) F Rl cGMPS]
2742 Hglor} cAMPO] WE-E 3i9ick o) 32
7Aztg Aslo] Hul, NOE f4AIEe] Fnjeh 3=

slo] ZolE cAMP 72 ¢h= ohE ZHz 2 Agsird
B2 94k W A AE AR AA] F cAMP
o|¥ thAlol] MejP Zlow FHHct

H AgATl e AAbdy A ibaglel] 224171 A
Foj|A] =33 cAMP 9 cGMP+ 25 Z7)3lod £1A4
shiell . chE Arlellrel FARE ARNg Bodch
ol S1AHEH] T olSlollE M 4 Fsjo] 4
A $A) S AES) HeRez WhEd
rE AR olF ofalEl SAHENIE GMP
Aoz ol Hul, NO 4 1ol 71Q1% 714
ol glom, cAMP Z7h= NO w7 7427} op ch&
AE A5k 73} Do) 9l Ao w Ajzkeick
g ¥7] W 9 2o Hopossum)®) GHE W
okl NO 20}EZ sodium nitroprusside Ei
3-morpholinosydnonimine-2- 504133 o] cGMP 4
cAMP7} Aki=sio] o|ul] cAMPE] Ak5-2 NOo)| ofal]
Z7}%l cGMP7} cAMP2] H3l|5 o3AlRIA Liehdch
= g Eull, B ARAETIeE o]} 2 o] 5 H

SAA A o gleslel Ak

2 of

X sgA o, i, vlzslRe|=A] &
A5 FEFo] Foll 2lgk Hupe] Qe ey
gluk  Nitric oxide®} cyclic nucleotides+= $j7d9} &4
of} thl B57|Ael] a3t %S ek Rusiw 9]
o B odqollde A Ay AikASell iRl 9141 A1F2)
AE B371AE staal silck O 3 Wl &
2] YA EN sodium nitroprusside & Fodgl F x4}
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9} cAMPE A A 0 2 ZAslq]c). MEYESS
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THIZ QL cAMP= ¥IEEA oot MIFEAESS
2 A4y ANAL A B sodium nitroprusside §-of2] o3&k
S A eigicl AR Ay} 2 3t
WA A= nitric oxide & §-%3}9) cGMPE 4£2]7]
ozH AHENE AArF|H ol ARt HevHeR
H8Y Aow Al AL AN Zohsle
cAMP{= §]AHER e} FatalA] Al H e 24 A
E BH37IAMeg AHgslelel Atk

MOIR0| : A AL/ A4S Sodium nitroprusside,

Cyclic nucleotide, AHH], A AE
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