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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 celiac arteries (CA) were cut into rings (3
~4 mm) and suspended with a force displacement transducer (TSD 125C%, Biopac Inc. USA) in a tissue bath fil-
led with 5 mL modified Krebs solution bubbled with 5% CO, and 95% O, 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 [l (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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5. Vascular tone
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E79] sy E7F 5 nitroglycerin (NTG), ni-
cardipine (Nica), verapamil (Vera) ZL2|3L papaverine (Papa)
o8 Z+7F AX X ¥ norepinephrine (NE), 5-hydroxytrypt-
amine (SHT), angiotensin II (AIl) 2] 3L U46619 (thrombox-
ane A, analogues)= 77} Foislo] Hid Ay AE
= AAAgle] dFTHAE Folgt =xg vl H7t

a3l

7FE(2~2.5 kg, Male N=28)& 97% A+4&$} 3% enflurane
o% nH $E ¥ AAMOEL heparing 600~900 U
Zs9 7 3_,4014 At & AZuS Zh:]_*].oq AL
o S5ick olold BREAL 245 3 0
= WA ZAE EEl AE }04 95% 0%} 5%
Cco7} %7]54 = 4°C9 modified Krebs-&H(NaCl 120.0,
NaHCO; 25.0, KCI 5.0, MgSO4 1.2, CaCl, 2.5, NaH,PO, 1.4,
glucose 11.0 mM)o| B petri dish WollA] AH-E 7314
FowA AgzAs ANZAE Felste] 3~4 mm 72
ol9] 3L H (ring segment)S HEYTH A IRAHA S
38+0.5°CE A= 5% CO2t 95% 0.7} 571%+= 5 mL
9] modified Krebs £o] 271 tissue bath WHollA =&
I & YZS force displacement transducer (TSD
125C®, Biopac Inc. USA)oll 173t 3 9087+ HP A7) &

Fig. 1. Experimental field.

AXH A, 158 0lc} modified Krebs £MS 3ks}gd o
HAF FAVNAE S AskEuly) S7ksellA] 77t 20 ¢
g 15 go 2 fAEAY 3 HE82e] AL F57)
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B2 4|Q] norepinephrine (NE, 1077, 10 % 10 ° M),
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Table 1. Percentage changes of rabbit brachial arterial tension induced by vasoconstrictors Before and after pretreatment with vaso-

dilators (30 22M)

Agent (M) NTG Nica Vera Papa
NE (n) 6 6 6 6
107’7 96.7+19.8 36.2+3.4% 67.9+19.3 65.2+8.8%
10°° 89.0+6.3 34.8+3.3* 72.9+6.0* 75.5+7.9%
10° 97.1+2.7 63.7+5.0%" 87.1+5.0° 87.1+3.5"
SHT (n) 16 16 16 16
107’ 130.4+11.1 77.14£6.4% 40.5+7.0* 125.4+12.5
10°¢ 112.843.1 90.2+3.5% 52.9+5.3% 111.6+2.9
10° 111.22.9 94.0+3.5 89.0+4.3#" 107.6+2.5
All (n) 16 16 15 16
3x107° 79.0+11.4 62.0+8.0 71.0+7.7 95.4+17.1
10°° 99.0+12.9 70.5+3.6* 75.546.1* 84.9+3 3%
3x10°° 83.9+2.9 75.142.7%"F 75.4+2.6*™" 89.4+3.0
U46619 (n) 12 12 14 13
3x10°® 77.0+8.6 47.6+4.5% 52.6+3.9% 72.2+6.1
107 87.243.5 68.6+4.2* 69.5+3.0% 83.1+3.5
3x1077 92.542.4 76.0+4.0%° 77.5+2.9%° 87.5+2.0

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

<0.05 compared with Papa group;

*p<0.05 compared with NTG group;
Vp <0.05 compared with Vera group.

bp <0.01 compared with NTG group; ‘p

3) SHAE
Br NE %
ol gkl & Ao @A Fo A9 120 4
AE e 22X 2 3, po|shAlE AAA3 3o & 100 I
BEEA Fof A9 A AP sglon AgAs 8 — ;
€ slol A 4GS MRS EASisle, 280§ o o
5o HF+EF2AE FAF ). Prism 2.0° (Graphpad § 604 K Z . bV
software, USA)% 0]3-*]-04 non-linear regression analysis& % ;!
Alsisto] Gubg = Toreich thzx|et Azt g 40 1 . /A NTG
2] Z}o| H]iLol|E paired Student’s t testS A3}t Ad o 204 -.- vica
= - Vera
T7H] HlZE AFEdl e X 7L Zol HrEA| 9 --v- Papa
FHaFSolAuk A3} one way ANOVAE o] &3}o] 0—8 - T 0,

SJulgke A9, A

AR & NIGE ¥ Papad-S 75

NE concentration (log M)

© & Bonferoni (compare with selected group) testE A|e§3}
o] p<0.05¥ wiE A ol I Aoz sl

2 i/}
1) ASUT SASHOMO HTOIZH FHHA
Mt 3| BT Y W

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 vasoconstriction 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=Verapami 30 /<M
Papa=Papaverine 30 ««M; NE=Norepinephrine. *p<0.05 compared
with control values; ?p<<0.05 compared with NTG group; bp<0.01
compared with NTG group; Vp <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 £M)
Agent (M) NTG Nica Vera Papa
NE (n) 10 10 10 10
107’ 141.0+33.5 147.1£68.0 229.3+54.7 222.8+64.9
10°° 79.0+8.5%* 30.0+6.8% 59.1+8.3% 88.3+5.1
10° 91.0+2.6 63.0+3.7+*"F 82.1+3.6" 93.7£1.6
SHT (n) 10 10 10 10
10°° 117.5+23.6 96.617.6 110.1+17.7 180.3+33.3
10° 101.5+15.1 77.6£10.2% 173.0+34.2 117.0+10.0
10 75.3+2.7* 45.8+5.1%""F 71.9+2.0+™ 87.5%5.6
All (n) 12 12 10 9
3x107° 120.2+20.4 141.0+40.7 150.1+36.7 102.4+20.8
10° 85.9+16.5 66.3%5.4% 107.3+15.7 70.6+10.3*
3x10°° 83.746.5 58.5+3.1%"" 83.0+9.4 84.5+7.2
U46619 (n) 10 10 10 10
3x10°° 67.2+14.4 63.5£11.5% 130.8+20.1 90.3+22.9
107’ 67.3+8.6* 63.147.3* 77.4+8.5 72.610.1%
3x10 ' 86.1+3.9 70.3+4.0+"Y 81.1+4.1 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; bp <0.01 compared with NTG group; ‘p
<0.05 compared with Papa group; Vp <0.05 compared with Vera group.

Mol A= Nicag X %8k ol A NEo| 9|3t P2
< AAXE7] Az w|asle] Z47F 362434, 34.8+33,
63.7£5.0%% NEQ RE FZolA FosAl 74t
(Table 1, Fig. 2).

Bl ewo| A+ NTGZ Nica ¥ Verad AX Xt Fol|
A NE 10 ° M Fojol] 9J&t d3 F=3o] 77 79,0485,
30.0+6.8, 59.1+8.3% & 7+43})ch(Table 2). NE 10 ° M 5
o Aol Nicags AAA|3 FollAut 3 F30] 63.0+
37%%Z v A 7Haslgdth(Table 2).

(2) SHTS| 2t =0 Cist g2o|2AAQ S} 43t
EWol| A= Verag AXX|E FollA SHTO| 93t 32
AAX Az} v|Zste] ZHz 40.5£7.0, 52.945.3, 89.0:4.3%
2 5HTY RE %04 §9o1A 243l ch(Table 1,
Fig. 3). Nicag AX X8 FollA] SHTol| &3t 32 A X%
Az} wlazsle] SHT 107, 10 ° M $o] A 272+ 77.146 4,
90.2+3.5% % 2Ju| YA FHAstoick(Table 1, Fig. 3).

B Mol A= Nicad AXX8F Foll A 5HT 10 °, 10 *
M Fo] A, Veras AX X8 FollAE SHT 10 * M Fo
Alofat Pk =3o] [ 3A| FHAzslglvh(Table 2).

(3) A9 2 =0 st 2o[2ANQ =} Fst
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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
Mean+SEM. NTG=Nitroglycerin 30 .«M; Nica=Nicardipine 30 2«M;
Vera=Verapamil 30 .M; Papa=Papaverine 30 /.«M; NE=Norepine-
phrine. *p<<0.05 compared with control values; bp<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 MeantSEM. NTG=Nitroglycerin 30 ««M; Nica=Nicardipine 30 /zM;
Vera=Verapamil 30 /«M; Papa=Papaverine 30 .«M; All=Angiotensin
Il. *p<0.05 compared with control values; °p<<0.01 compared
with NTG group; Pp<<0.05 compared with Papa group.

ol A= AIL 10 ° M 0] A] Nica®t Vera 12|l Papa

AAAGE Foll A F3b F30] 705+3.6, 75.5%6.1, 84.9
33%% GolshAl ZA&stAa Al 3x10 ° M Fof A
Nica?t VeraS HAX& FollA] df F3o] 751+27,
75.4+2.6% % 2| YA FH4azskgith(Table 1, Fig. 4).

BAEM A=A 10 ° M Folo o8 g Fx
Nica?t Papas AAAZF FollA FolsiAl Zraslalct
(Table 2). AIl 3x10 * M Fo] Aloll¥= Nicag A X3 +
ARt 585:3.1%% WA Hb 3ol Fawiict
(Table 2).

(4) U466192| Szt =0l CHSt So|2AN9 F2k
A2tz uwlol| A= Nica®l Veras X X8 FollA U46619
B E5olA] Nica AXAXFS 27 47.6%4.5, 68.8+4.2,
0+4.0% %2 Vera AXXTL 526439, 69.53.0, 77.5¢
29%% Su|Al 3 5o] FH4zskg)vh(Table 1).

BEmlol| A= Nicad AXxg FollA U46619 B E
E5ollA] 27 635115, 63.147.3, 70.3+4.0% & S %
o] 2Ju| QA Z+4=skdch(Table 2, Fig. 5). NTGZ} Papa A
A28 Foll A= U46619 10 ' Mol AR o =30] Zha
5} tH(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 xM;
Papa=Papaverine 30 M. *p<0.05 compared with control values;
"p<0.01 compared with NTG group; p<0.05 compared with
Vera group.

2) SE0|2tH HAXIZEQ| Hlw

Ho| oA AHATES vlie THAAELIAT} 7H
AP AAXTE 7IFo 2 vasiglon 7t
ALl i FEoll A Al

(1) NTG XX NTG XX E7-5 el A SHT
10 ¢ Mol ARE 75312.7% 2 B3 F20] Ju| QA 7H43
2. (Table 2), th& HAAX| ol vlsle] 3 A &3}
= 7P At

(2) Nica N X[Z: k-5l A= NE, All, U46619°2
2 3% A NTG AA X7l v]slo] 3o 343
A A= A ck(p<0.01). NESLE 3 Aol Vera AX X7
e gu|Al F55 AAESch63.7£5.0% vs 87.1+
5.0%, p<0.05).

E 75wl A ENE, SHT, All, U466192 3% A] NTG
AHR ol vlslo] 3 A &7t ZFelA velge
(p<0.01), 38 Vera AXX|T-Hr} daprZo]l {23l
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 83.019.4%, 70.3+4.0% vs 81.1+4.1%, p
<0.05).

(3) Vera MAX|Z: 425l AENTG A X %] ol B
slo] SHT, All, U46619%2 3 A] 3 oA &3y} o]
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IJA JERITHSHT p<001, Al p<0.01, U46619 p<
0.01). T=3F NEZ 3 Alo|% NTG A X X| ol v]sto] &

HraEg oAl A AsAthp <0.05).

75 WAl A ESHTE 73 Al NTG A XXl v]s}e]
T3 AA a7t A ek (p<0.01). NEE 3%
A= NTGZ} Papa AXX|-oll vlste] G3o] SJu] A <
A =] A ek p <0.05).

(4) Papa MXX|Z: A5l A NEC & % A] 3
EEollA NTG %M?li-iv} o] Au|giAl A=
t}(87.1+3.5% vs 97.1£2.7%, p<0.05).
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A G 3 A3f Aol 9w giAl Ueloka FAH
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o7 A7 A8 A5 d3hy] o4 Aot
axpfAel AZIAl "Avh13). £F s o] &3 IE
WSS T e F F 2EAGA A4 TR
MEES A F Ik LA JrH14,15]. Verapa-
milZ} nicardipinee WEHQ ZFALAZA o 7AL
2 voltage-operated calcium channel (L-type calcium chan-
nee Aoz Adsol 24 $UE AAHE Aol
th o] kAl EL BEFAY ZEol 93 dAFH2 7
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JFES okslA| A Agk11]. Nicardipinex 24t di-
hydropyridine® & =& Iy FFollA] WelA endo-
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FlFoll o3t dfrEg AAlste ol vif AR
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ol 159 o ZAEsida Eusla QJoH11]. Al 52 ni-
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s A2 Qe ESs ddisledl Zabdelgta
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MNE 3 35 dlsAY X sst=d adrt Al
AL17] ZE7 A7} voltage-operated calcium channel &
TEAE WINE 3 FES Al bl 2 olA
e 453l Fa ek B A3ellAE nicardipine®] A
AR ek BRSEAES LT BRGoR ol
5 BAL = Y3tk Nicardipineol] thdt A7+ o
ANA WA 7] wiitoll ¢ A2 dFEe] e

o gkl AX X7 s
Ao 2 A5EH, verapamil K} 35 941*‘] L%°] 7

shAl vebd 2o g Hol e
2 A48E ¢ g Aozt 4Z=E He 5 verapamll-b}
nitroglycerin =3-8-4(VG solution; 30umol/L verpamil¥}
30 #mol/L nitroglycerin)o] 53 ES 93 235
WS HZshs HAHAA 20]A AL zks_/z]xl—o] w2 51
ks 443 °]9“]7]‘I1, Aol ks eal 7175t &

3R TH18]. Ali 5 verapamile] 9]
outsl= e dPoldAedg vy
Hrh1e). £ °E_] ANAE VG EENE AL A= &%
Z|RF verapamil A X X| ol A HAFEHAS] L5 &
HHog AAA T Zor Hol 83k djo|stAzE A
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Hrl= oFstAl et ParaverineS o8] 7]AS Sl
IS o|dAI|= BEEA ¥ o] Al (nonspecific vaso-
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2] cGMPE Z7}A71t}H19]. Papaverineol] 2|3t & ilo] $h-2
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Ao ZH o]FoA 7% dhrh20]. HhH He 52 Hl&
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H 2AE AHA 07 tﬂ]TOH s 4 2 F
Adrka Hasldeh18]. £ Aol Papa AAX=

NTG AAAASE 0] A5 oA go] WA
© 333 o]& NTGHH Papak™ ZHr &7} HolA
eI kel #95
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= AAA A '% 735 dRrEAed gt FHAES &
Aoz oA oz testor] Ful gz A
ol7} 9= Ao g eyt o] Ewlult} endothelium-
dependant relaxation, endothelium-independent relaxation, re-
ceptor-mediated contractione] ©} thE2A] Vel 7] ulFolg}t
A E = eH21]. HbHol] papaverine¥} nitroglycerine &%
Alell gt Whg-o] ohE =gl AAE Az} e <y
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7} ol# e Ao A} 1 o|§7 HIsFE wl 7
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