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In Vitro Effects of Nitroglycerin, Nicardipine, Verapamil, and Papaverine
on Rabbit Brachial and Celiac Arterial Tone

Sung Ho Shinn, M.D.*, Young-Hak Kim, M.D.**, Jung Kuk Seo, M.D.***, Jin Hyuk Kim, M.D."**,
Won-Sang Chung, M.D.**, Yang-Bin Jeon, M.D.****, Byung-Chul Chang, M.D.***** Hyo-Jun Jang, M.D.**

Background: Vasoconstrictor-induced reduction in arterial graft diameter can cause significant flow deprivation. The
aim of this study was to evaluate the effect of vasodilator pretreatment on vasoconstrictor-induced blood vessel
spasm in vitro. Material and Method: Rabbit brachial arteries (BA) and cellac arteries (CA) were cut into rings (3
~4 mm) and suspended with a force displacement transducer (TSD 125¢", Biopac Inc. USA) in a tissue bath fil-
led with 5 mL modified Krebs solution bubbled with 5% CO, and 95% 02 at 38°C. The rings were contracted
with vasoconstrictors, and the developed tension changes were considered control values. The rings were then pre-
treated with 30 «M nitroglycerin, nicardipine, verapamil, and papaverine, respectively, for 40 minutes and rinsed
with the physiologic buffered salt solution three times every 15 min. The vasoconstrictor-induced tension changes
after the previous procedure were considered experimental values. Data are expressed as the percentage tension
induced by vasoconstrictors before and after pretreatment with vasodilators. Result: Nicardipine depressed vaso-
constriction induced by norepinephrine, angiotensin 1l (All}, and U46619 in both the BA and the CA more sig-
nificantly than did nitroglycerin (p<<0.01) and verapamil (p<0.05). Verapamil depressed vasoconstriction induced by
5-hydroxytryptamine (5HT), All, and U46619 in the BA and by 5HT in the CA more significantly than did nitro-
glycerin (p<0.01). Conclusion: These findings suggest that both nicardipine and verapamil effectively depressed
vasoconstrictor action. Nicardipine is thought to be more effective than verapamil for the prevention of vaso-
constrictor action.

(Korean J Thorac Cardiovasc Surg 2008;41:541-549)
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4. Papaverine
5. Vascular tone
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14401] Folske dito|gAEol AAellA FelH e
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B8 AghEst F7E9E nitroglycerin (NTG), ni-
cardipine (Nica), verapamil (Vera) L8]l papaverine (Papa)
o2 7+7ZF AX*] & norepinephrine (NE), 5-hydroxytrypt-
amine (SHT), angiotensin II (AIl) 8|3 U46619 (thrombox-
ane A, analogues)s Z+7} Folslo] futE dikrs AX
£ AAAGle] ArZAE FoAF 29} vz H7}
a-oict.
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7FE(2~2.5 kg, Male N=28)% 97% 4+49} 3% enflurane
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A e 7 A az]g —"E: Z3lo] 95% 0.9 5%
CO7t E7|5E 4°CY modified KrebsB-°“(NaC1 120.0,
NaHCO; 25.0, KCl 5.0, MgSO, 1.2, CaCl, 2.5, NaH,PO4 1.4,
glucose 11.0 mM)©] ©7] petri dish Woll4 A& 7}siA]
ShomA Az AAzAE Eelste] 3~4 mm 2
olo] $H4AH (ring segment)y S TEACE Y FIAA LS
38+0.5°CE AW 5% CO% 95% 0.7} E71%+ 5 mL
9] modified Krebs £-8e] ©71 tissue bath oA ¢&%
aAs ohE A2=E force displacement transducer (TSD
125C®, Biopac Inc. USA)oll 73 3 907+ A7) &

Fig. 1. Experimental field.
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SHT (M’Jriuu © 10,1075 107° M, E4E42 10 10
107 My, Al (3x10 , 1075 3x107° M)k U46619
»(3x1o‘8, 1077, 3x107 M) 5~ 108 ZtH o g 7z Fof
S, ojul] 2ME HRo] A HRE WAste] iz

Z 3k 2 ¥ Krebs &8¢ m3lsle] A7
o] o]F0]2 ™ NTG, Nica, Vera¥} Papad ZH7} 30 « MH|
4087 AAX YT, TFA] Krebs £89& 8ksto] Pzt
Ho| FYG olF T YAFZASS QI&AoT Folyl
o z¥lEle dRFEE W] PR 3l

v
N
o~
N
I~

[\
[=]

i

2) AE o=

Algofl A-£-¥ NE, ACh, SHT, All, U46619, NTG, Vera,
Papa 59 AES Sigma Co. (USA)llA T4l
Nica (Perdipine®) &2 olxelg} A% (Korea)oll A Al
2 wa

— 542 —



9l
1}

o k 0,
for HOk

ko) ghAl] A 2|7} PBGZ) UM

Table 1. Percentage changes of rabbit brachial arterial tension induced by vasoconstrictors Before and after pretreatment with vaso-

dilators (30 2 M)

Agent (M) NTG Vera Papa
NE (@) 6 6 6
107 96.7+19.8 36243 4* 67.9+19.3 65.2+8.8*
10°° 89.0+6.3 34.8+3 3% 72.946.0* 75.547.9%
10° 97.1+2.7 63.7+5.0+" 87.1£5.0° 87.1¢3.5°
SHT (n) 16 16 16
1077 130.4+11.1 77.146.4% 40.547.0% 125.4£12.5
107 112.843.1 90.243.5% 52.9+5.3* 111.6+2.9
107° 1112429 94.0%3.5 89.0+4.3* 107.642.5
ATl (n) 16 15 16
3x10"? 79.0+11.4 62.0+8.0 71.047.7 95.4+17.1
10°° 99.0+12.9 70.5+3.6% 75.546.1% 84.9+3 3%
3x107? 83.9+2.9 75.1+2.7+%* 75.4+2.6%F 89.443.0
U46619 (n) 12 14 13
3x10°® 77.08.6 47.6+4.5% 52.6%3.9* 72.246.1
107’ 872435 68.6+4.2* 69.5+3.0% 83.1435
3x10°’ 92.5+2.4 76.0+4.0%° 77.542.9%° 87.5+2.0

Values are expressed as Mean+SEM. N=Number of samples; NTG=Nitroglycerin, Nica=Nicardipine; Vera=Verapamil;
Papa=Papaverine; NE=Norepinephrine; 5HT=3-hydroxytryptamine; All=Angiotensin II; U46619=Thromboxane A; analogues.
*p<0.05 compared with control values; “p<0.05 compared with NTG group; bp <0.01 compared with NTG group; i)
<0.05 compared with Papa group; Vp<0.05 compared with Vera group.
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Fig. 2. The effects of vasodilators on the vascular tones induced
by NE in rabbit brachial artery. The Nica, Vera, and Papa groups
decreased the degrees of vasoconstriclion more potently than the
NTG group. The Nica group was vasoconstricted less than the Vera
group by NE. Values are expressed as MeantSEM. NTG=Nitroglyc-
erin 30 «M; Nica=Nicardipine 30 «M; Vera=Verapamil 30 1cM;
Papa=Papaverine 30 «M; NE=Norepinephrine. *p<<0.05 compared
with control values; p<<0.05 compared with NTG group; °p<0.01
compared with NTG group; 'p<0.05 compared with Vera group.
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Table 2. Percentage changes of rabbit celiac arterial tension induced by vasoconstrictors. Before and after pretreatment with vasodilators

(30 22M)
Agent (M) NTG Nica Vera Papa
NE (n) 10 10 10
1077 141.0433.5 147.1468.0 229.3454.7 222.8+64.9
107° 79.048.5% 30.06.8* 59.148.3% 88.3+5.1
10°° 91.0+2.6 63.03.7+""° 82.1+3.6% 93.7+1.6
SHT (n) 10 10 10
107° 117.523.6 96.6+17.6 110.1£17.7 180.333.3
10°° 101.5%15.1 77.6£10.2% 173.0£34.2 117.0£10.0
107 75.312.7* 45.8+5.1%""F 71.9+2.0+" 87.55.6
All (n) 12 10 9
3x10~° 120.2420.4 141.040.7 150.1236.7 102.4%20.8
10°° 85.9+16.5 66.3+5.4* 107.315.7 70.6+10.3*
3x107* 83.7+6.5 58.5+3.1%" 83.0+9.4 84.5+7.2
U46619 (n) 10 10 10
3x10 6724144 63.5+11.5% 130.8+20.1 90.3+22.9
107”7 67.348.6* 63.147.3% 774485 72.6+10.1%
3x107" 86.143.9 70.3+4.0%" 81.144.1 82.0+4.4

Values are expressed as MeantSEM. N=Number of samples; NTG=Nitroglycerin; Nica=Nicardipine; Vera=Verapamil;
Papa=Papaverine; NE=Norepinephrine; SHT=5-hydroxytryptamine; All=Angiotensin II; U46619=Thromboxane A, analogues.
*p<0.05 compared with control values; “p<0.05 compared with NTG group; *p<0.01 compared with NTG group; 'p
<0.05 compared with Papa group; 'p<0.05 compared with Vera group.

SN Nicag AX X8 ol A NEo| & i
< AAAEy Az wlaste] 7H7 362:34, 34.8433,
63.7£5.0% 2 NEO] BE FZolA foaiA #istdct
(Table 1, Fig. 2).

E74 ol A= NTGZ} Nica ¥ VeraS AA X3 F-of
A NE 107° M Fololl o9& €3 $230] 22 7904835,
30.0%6.8, 59.1%8.3% & 7F43}91cH(Table 2). NE 10 ° M 5
o] Aol Nicag XX FollAut 3 FZo] 630+
37%Z u) A 749 ch(Table 2).

(2) SHTS| 2t =0 CHst FH0IAXNQ E2}: 42
THAANE Verax HAAA|G FollA] SHT 3t 32
Axx A3 v)dsto] 27 40.5+7.0, 529253, 89.0+4.3%
2 SHTY RE EXold oA ZastgdehTable 1,
Fig. 3). Nicas X X8k Foll4] SHTel| ¢Jgh 43 A A%
Az} vlste] SHT 107, 10 ° M Fo A 27 77.1464,
90.2+3.5% % 9u| A ZHAslick(Table 1, Fig. 3).

L7 E ol A Nicag AAXE FollA 5HT 1077, 107
M Fo A], Verng AHX|& FollAE= SHT 107* M Fof
Aleflat "3t F2o0] f-o08A ZHAsllck(Table 2).
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Fig. 3. The effects of vasodilators on the vascular tones induced
by 5HT in rabbit brachial artery. The Vera group was vaso-
constricted less than the NTG group. Values are expressed as
MeantSEM. NTG=Nitroglycerin 30 «M; Nica=Nicardipine 30 «M;
Vera=Verapamil 30 «M; Papa=Papaverine 30 ~M; NE=Norepine-
phrine. *p<0.05 compared with control values; "p<0.01 compared
with NTG group.
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Fig. 4. The effects of vasodilators on the vascular tones induced
by All in rabbit brachial artery. The Nica and Vera groups were
vasoconstricted less than the Papa group. Values are expressed
as Mean+SEM. NTG=Nitroglycerin 30 «M; Nica=Nicardipine 30 x«M;
Vera=Verapamil 30 «M; Papa=Papaverine 30 «M; All=Angiotensin

*p<0.05 compared with control values; “p<0.01 compared
with NTG group; "p<<0.05 compared with Papa group.

Suloll A& Al 107° M Fo A] Nica®t Vera 183 Papa
& AAA FollA dF F30] 705136, 75 546.1, 84.9
£3.3%% s &AL AlL 3x10° M T A
Nica¥} VeraS X3 Lol €3 F£30] 751427,
75.4+2.6% % u| A ZHEskdvk(Table 1, Fig. 4).
E4F5Hol AL 10 * M Folo] o8 du Fao
Nica¥} Papas AAXE FollA FostA zh&slgdch
(Table 2). Al 3x10 * M 5] Alol|& Nicad AHX| T
oAl AT 585+3.1%2 uiAl W@ Fo] zietgdt
(Table 2).
(4) U466192] ET X0 CfEt SRO0[2AX Sk
ol E- ol A= Nica®t Verad AX X8 Tl A U46619
BE F5oA Nica AHX T 47 476445, 68.8+4.2,
76.0:4.0%2 Vera ABAXTE 52.6£39, 69.5£3.0, 77.5¢
Ef. ojulgiAl 3} F3o] 7H4As}S]Th(Table 1).
75 WMol A= Nicas ZAX|3 FollA] U46619 £
E_Oﬂ A 77k 63.5+11.5, 63.147.3, 70.3+40% 2 3 £%
ol 9Jm| QA ZA&stgith(Table 2, Fig. 5). NTG# Papa A
AXEE Foll A U46619 10 T Mol A wF 3k G=20] 74
93 cH(Table 2).
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Fig. 5. The effects of vasodilators on the vascular tones induced
by U46619 in rabbit celiac artery. The Nica group decreased the
degree of vasoconstriction more potently than the NTG group and
Vera group. Values are expressed as MeantSEM. NTG=Nitrogly-
cerin 30 «M; Nica=Nicardipine 30 #M; Vera=Verapamil 30 ~M;
Papa=Papaverine 30 #M. *p<0.05 compared with control values;
<001 compared with NTG group; 'p<0.05 compared with
Vera group.

2) EHO|SHH MAXZEL HZ

ool A AAATEY vlZe F
AW AAX TS 71Fe vIsigen 4 dass
A8 Hi FEAAT APt

(1) NTG XX Z: NTG AA X 7L B3Zme]A] SHT
10 * Mol AUl 753+27% 2 HF 3o] | QA Zist
2.7 (Table 2), Th& FAX|Foll wlsle] =3 oA w3}
< 7k A%

(2) Nica BHX|T: A2z o)A+ NE, All U466192
B % A NTIG AAX|Fol vlsto] Pikso] T3
A AE Y chp<001). NELE F2% Aol Vera AHX| T
Hr} du|oAl &g Al ch63.7450% vs 87.1%
5.0%, p<0.05).

E7L 5o A =NE, SHT, All, U46619% 43 A] NTG
AR ol vlzte] ¢35 A4 B3l 3 velon
(p<0.01), BEZF Vera AXATEet S| F2e}7)
A A= A H63.0£3.7% vs 82.1¢3.6%, 45.8%5.1% vs 71.9+
2.0%, 58.5+3.1% vs 83.09.4%, 70.3+4.0% vs 81.1+4.1%, p
<0.05).

(3) Vera MR KT 49 "11011/‘1—~NTG AR R Tl u|
slod SHT, All, U466192 4% A 3 A4 a3}7} 9u
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A JeRGTHSHT p<0.01, Al p<0.01, U46619 p<
0.01). I8 NEZ $% Alol= NTG AA4 %] 7| u|sle] &
#rEE A Al ehp<0.05).

BIFEWol| A =SHTE 523 A] NTG A A Xl vl3s}od
% A4 197t ZeA JeEgT(p<001). NEE %
A& NTGH Papa A XX 7ol vlste] F3e] oJn|3lA
A = A chp <0.05).

(4) Papa MAX|T: 445Nl A NEQLE T35 A 22
EXlA NTG AXXFE T3] uigiAl AA=HA
th(87.1+3.5% vs 97.132.7%, p<0.05).
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Aubd o2 Asge2o] 71t (vascular tone)v
) 7] (endothelium)$t A1 Al ol 24t &
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Bel DAL dAFEI o]k Aol Fol
ol fAA. st ARl EdrEAe R
2o A FE2IHE S dArEE ASHIY
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EDCF (endothelium-derived contracting factor), thromboxane

weh e ek
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7+ circulating sympathomimetic substances ( @ -adrenocep-
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A 7158 3t Ao g AgH) Angiotensin [+ ¥ &

ZoAE ZEst daps &3] 9lom voltage-depend-
ent Ca*" channels %3t Ca’" §4& Ao zy Y3
328 2 A71c}6]. Thromboxane A= EDCF % sht}
207, 94l FuiEck 25 AR A Als wol
]2 %<k thromboxane A, AEEE Z7E0] 9+ AL
WA 4 glof8], of w3t FEThol uigt A- e A
o2 Z2AFEt}t Thromboxane A, mimetics®] U46619%
Fxulz} ouja-Ew] 3ol A endothelin 17 <3 A%
ZEe Y33 anE vebich Yo R s
& AulE ol Wd THFo| FA7] wiFol d3 A
4 & 4 Qrh9). E3F A wlelslidty F9 &
Z7tsle AW 31 7helE2h%] (catecholamine) -2
o) 3 Aol g A4S S7HAZI Reeves T
A& s A wlolsAE o] &3 AA +% Al nor-
epinephrine S 200 pg/mL (1.2x10*)ell4 4,500 pg/mL (2.7x
107he 2 g a stglehi0]. HFEU 3% A of
AZPe] BG5S Ve os YRAFEE oA
5 ok opel AT ¥ L zdfEte] AHAQ AHE
28 F oot wekd] A FE4 243 vEo] ni-
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UUHH O Z nitratest Fxoll FAIgle] ofu] HAT 3
A Ao aRFeln FE&AME MR I} FF
(Thromboxane A, <F&4l, ¢ Z7AZA F&4) == endo-
thelin F&A)olLt GRFAE WiNE & FF5 EFolA
BRIt 1 F FEAE WANE & FF5Z Al
Z ¢} &3}3o]H11]. Chavanon S nitroglycering -3¢
Yk AHol| FA&H o Z EE3Y] (237 A AA] 10
HBEo dRas F43 A 247 25512 mL/min B 50+
6.1 mL/minS.Z nitroglycerin®] =X X7} G o] &
Holl vf-¢- EFH oYtk BuslgivH12] B AddAe
ool A43ehE AHE A Tt olv dite|shA
E 4057 A2 3 1587kl 29 o] 42 modified Krebs
SNE 2371l nitroglycerin®] A7 EI7L AA
A d3 FF 3t 2hgo] ou giA velyte #4H
t}. Organic nitrates®] H5-& nitrates WAJo] whAist= 2
w2 FehEvhe AL €8 AR o= nitroglycerin
o A7 XNEgE ¢ ] &4 a4l
el AZ1A "ol 2F FUE o] &3 BT
WeslE F EE € F AFAEAY AL FUEDY
MNEES HAAE 4 ek 24 9irh14,15]. Verapa-
mil#} nicardipineE HEHQ ZHFAGANZA 1 7|AL
FE voltage-operated calcium channel (L-type calcium chan-
ney s AWA R Adslo] Zg FYE dAAlske Aol
t}. o] FAlEL GEFAY Aol o HdrEHe 7
A A8l A 9 receptor-operated calcium channeldl] 23k
Wy okatA A Agkeh11). Nicardipines 241t di-
hydropyridine 2. 2 %% HIhlg] FFoll4] WA endo-
thelin®e] F32tgoll FEHoR 7]qgozy] 53] ¥
Fuigell ot dArES AAlsle ol vif EAFHoRE
NEZollA e dakghn gl diltiazemd B8l &
o 150 o ZAFsddn BoEm Qeb1i1]. Al 52 ni-
cardipine $-A<FA4] nifedipine®] norepinephrineol] &}3l
g HA o EHAESs disied Zibdelga
Bl ovle), ¢ 27474 £84u endotheling i
M & $&& dtslA Agshe Z7t AEgl
ZAL[17] Z738A7} voltage-operated calcium channel .
ot FEAE AR & 5 JAste o ZA#HelA
F8g d=d) Fa 9et £ Aol A+ nicardipine®] A
HAA 7} chFdt ERFEHAEY 44E AR A4
3928 #&E 5 9dch Nicardipineol] 3k A7+ &
AR @A k7] wigol ¥ NZE dFEe] o

Al
ko) ghAle AXx7l AGFZol njX e

0x
fot 0

Ql
el

Ao 2 A5HY, verapamil Ko} B AA|ztEo] 7
A vehd Aog Hol TR 83 ddko| A
2 A4 F & ZHolgt A4H ) He G2 verapamildh
nitroglycerin Z8-84(VG solution; 30 zmol/L verpamilZ}
30 «mol/L nitroglycerinyo| 45 H-L¥ &S ¢ 8 TF
s AEee BN 24 AS LA F ] waa
g A3 o|AA|F|H, Aol 28l JI7HESE 7
A 4 ek BarstgleH18]. Ali 52 verapamile] 9]
sy AHE oidsle ZEG ddolstAldE v
WeHiel, £ AFelAE Vo EREAE A8HAE sk
AR verapamil AA x|l A A& FHAEE A
HH oz AT Aoz Kol §43 HolAZ A
25U 2REuWIAY) ¥BFE AEIE nicardipine
Hobs oAl bt Paraverine® 12 714 3l
gi-& olAA7l= E5A Fibo| %A (nonspecific vaso-
dilator)o] 3L o] phosphodiesterase inhibitor2 & 3% 2
9} cGMPE Z7HAZ1E}H19]. Papaverineol] &3t & o] k-2
Za5dS A AY, AZN AAE 259 FulE
Aoy o|Fofx7|= dr}20]. ¥HH He &2 H|F
papaverine A4 2 £ ARE A% F ARAT 2 &
A ZAE AAdol7] wiite] U] £4E 2UY
Aotar Rasqieiis]. & AgelAde Papa XA
NTG AAA WA} o] GrZE AR Go] AAA
E Z3l9 3 ol NTGHY Papas A BIk7b 2 olA
za)n Askel 2490,

A Atg FgH & i £ A7ol|A+ Nica?t Vera
& AAASAE - dRrFHAo] dt 52442 4
HHo g JAlste AR vehded 54 Fede 2
ol7} Qv ALE yeyrh ol FHWult} endothelium-
dependant relaxation, endothelium-independent relaxation, re-
ceptor-mediated contractiono] t} ThEA Ul o] offolz}
Az = cH21]. vhHell papaverineZ} nitroglycerine & T3
Aol gt ub-$-o] thE =FolA AAH ZZ Fel gy
7h e Ao ygo) 9 Aro g gy Rof Tl
7h olE g ALE 47" 1 ol fE dArE ke 7
2 olg] 74A] 7Rl g3l obrEm ek dAdellA A
el irF9 S400t A2 & ¢A GA g+
sak oyt v gl FE AYdA 42 AFAE AHAHY A
ol tiglslrlells FelrtwE Aoz AzdHEd. ade
2 AAA S B33 ERrEo] F4L olalsly] Hal
Ae &5 o] B vt 48 Aoz Agsrh
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HiZ: BadZalol o T o]AH HA9 oy 438 FFLE oIS F Yok £ AFE
Aol gl 7tA GagEAlel ol fisle SRl et ol kAo AHA] anHE Hr}
7] Q18 AldE A Uy & gE: 719 9%E SHOZHE] 3~4 mm Zol9 4 ¥
FAAG AFslod 5% CO9 95% 0,7F %715 modified Krebs £4(38+0.5°C)o] &7] tissue bath
Yol 922 mAs T o+E AZS force displacement transducer (TSD 125C%, Biopac Inc. USA)
o A% & GRrZAE Folsle], ol ZefH i A WSHE FHele] d2X 2 50t
a2 & YEZZYA(NTG), Y7 A(Nica), st E (Vera) 18] 3 Shabuf| @ (Papa)ye 242 30 uM
A 407 AAABA L, Krebs £H-E 1550} 348 231 ¥ @RrSAEE AFH LR Fo
ko] zilElE dArSHe Bslo] APH R sglon AEATE AAX AR 39 A5F5Ad
el op7l® AHe WAL 2 FAFt Eik Nicay 4S-E4s} B7-5% E5ol|4 norepine-
phrine (NE), angiotensin II (AIl), U466199]] 23 #+3-S NTGY Verait} U] AF- o3 A3
% tH(Nica vs NTG, p<0.01; Nica vs Vera, p<0.05). Vera®] 352 o4 3= NTGS} 8] 235}od
A wlol| 4= SHT (S-hydroxytryptamine), All, ¥ U466192 4324171 A% 8|3 H7-z o)A
© SHT F&A7) 73l 1285 cHp<0.01). Z2: Nicas} Vera & v Ar3Ae) F5248-8
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