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= Abstract=

Effects of Fentanyl on Relaxation in Smooth Muscle of the Rat Aorta

Won Oak Kim, M.D.,, Hae Keum Kil, M.D.,, Young Ran Kwak, M.D. and Keun Wook Lee, M.D.
Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

The mechanism of vasodilation induced by fentanyl was investigated using isolated rat thoracic
aortic rings. Rings were contracted with norepinephrine(10” M, NE) and potassium chloride(40 mM,
KC) with and without endothelium. Fentanyl (10°-10° M) produced dose~dependent relaxation and
had no significant effect from endothelium(intact and denuded rings, test with 3x10™* M LNAME,
N’-nitro-L-arginine methyl ester). Pretreatment of indomethacin(2.5x 10 M, inhibitor of
cyclooxygenase) failed to influence of cumulative dose-response curves. RDs(50% relaxation dose)
and KCUNE ratio as potency difference of fentanyl, verapamit(10®-107° M, Ca’* channel blocker),
nitroglycerin(10°-10® M, activator of guanylate cyclase) were not similar.

Fentanyl and control(distilled water) were not demonstrated any different contraction produced
by incremental addition of Ca’" to aortic rings exposed to Ca’" free, K" -depolarized(100 mM KCI)
solution(extracellular Ca’” influx). But fentanyl had effect on intracellular Ca’” release elicited by
caffeine(20 mM) and NE(107 M) indicated by dose-dependent inhibition of contraction in Ca®* free
solution.

We conclude that, in rat aorta, fentanyl-induced relaxation is endothelium-independent but
mediated by inhibition of alpha-adrenoceptors operated intracellular Ca’* release (inhibition of
contraction by NE) and caffeine-induced Ca®* release from store.
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1) fi#dinel RL0 o oj§4XE

(1) 10'M NE® 40 mM KCI¢} 3528 38 #
2 #Fo) fentanyl® FHHOZ Fo HUL W F
Toff vlgdte] FFo] o|¢ HAU ol § o]FFAE
< gAYy 7%= 48 flol v Y=
FAHQ Ael7t 1 HFig. 13} Table 1).

(2) A7 Qe FHAAN fentanyldll 2T ol
¢a8& NE# KCIztl o et &9 @ =polst
AAA T YA Aol AATHFig. 29 Table 1).

(3) NE&} KClol ti% fentanyl®} RDsy& Table 1
of Yeht slE uish gol @uls fFol BE 3

A 00, Norepinephrine Contracted Aorta

80 - —@— inlsct ED(10)
—O— Denuded ED(6)

Control -9 -8B -7 65 -6 -55 -5
Fentanyl Concentration (log M)

Fig. 1. Cumulative log concentration-relaxation curves
for fentanyl in aortic rings precontracted with 10'M
norepinephrine(A) and 40 mM KCKB) with and
without endothelium(ED). Parentheses indicate the
number of preparations studied. Data are expressed as
mean £ /seN.
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(4) Table 2& fentanyl®l RDso¥ verapamil,
niroglycerin®] RDso3 i@ Hojcl,

9 7Hpotency)d 22 Ed fentanyle calcium ¥

Table 1. RDgy Values for Fentanyl after Precontraction
of Norepinephrine and Potassium Chloride in Aortic
Rings with and without Endothelium

Contracting Endothelium(M)
Drugs Intact Denuded
NE 3721064%x10° 423+052x10°
KCl 424+027x10° 496+086%x10°

RDs is 50% relaxation dose. Mean £ SEM.

Table 2. Comparison of RDw Values for Fentanyl,
Verapprml and Nitroglycerin after Precontraction of
Norepinephrine and Potassium Chloride in Aortic
Rings with Endothelium

: Potency
Used Contracting Agent(M) ( Rgéff e
] )mgs 4]
NE KCl KCUNE)
Fentanyl  372+064x10° 424 +027x10° 113

Verapamil ~ 9242072x10° 622+072x107 007
Nitroglycerin 6221021 x10* 528+033x10™ 849

RDs is 50% relaxation dose. Mean+ SEM.
" p<0.06 when compared to NE-contracted aortic rings.

—@— Norepinaphrine contracted(10)
~—k— KClicontracted(6)

Comtrol -9 -8 -7 -65 -6 55 -15
Fentanyl Concentration (log M)

Fig. 2. Comparison of cumulative log concentration-
relaxation curves fg.')r fentanyl in aortic rings
precontracted with 10 ‘M norepinephrine to those with
40 mM KCl. Comparison was made in aortic rings
with and endothelium. Parentheses indicate the number
of preparations studied. Data are expressed as meant
SEM. "P<005 when compared to KCl-contracted
rings.
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2 A¢A verapamil®t cGMPY 3712 oj¢+%§&
o] gl¥ niroglycerin® th2 A vebwtith
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2o Auglol vl F49 oj¢hztgo] Yelwd
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(calcium S{ZEAof st AY ZE)

(1) Fig. 4= Ca” free €4l KCl2 @¥33%
# AHZ Ca¥ e FHHYo2 Foddd £2& B
S 10° M9 fentanylol & «Ast g1& "ol
£9% Aol ik

@ TAEMEZ R C9 felol diE fentanyl
o) 88 B7AH AYO S caffeine?t NELZ A
z2g & & AR: Fig. 5% Fig. 634 &ol Yebudth
Fentanyl®l %7} Eoidol wel caffeine?t NE
@ 3o oigted ZAEME BE fHE Ca”
of 2% $2ago] A4 HE AL Table 30} Y&t
g 3 gol B F A

n -

100 1

Control -9 -8 -7 -65 -6 -55 -5
Fentanyl Concentration(iog M)

Fig. 3. Cumulative log concentration-relaxation curves

for fentanyl in aortic rings with and without
endothelium(ED), rings with intact ED in the presence
of LNAME, indomethacin. Parentheses indicate the
number of preparations studied. Data are expressed as
mean+SEM. P<0.05 when compared to intact ED
rings without treatment.

B Ag4d yed F2 ZAE fentanyle 8F
o) FRdisd AHAAM F@UN {7 4aY
o] 2AEME Ca #aE Ay Y@olge
& ke Aojch BE ojzd A3} oAl fentanyl
& d-adrenoceptor Zehzhge] itk Aol &eiA
AP, Toda 57 E7S tFd AW AYolA
10%04  10°M9} fentanyl®& NEo thdtod «q
-adrenoceptor @t&Hge] glov, phentolamine®
o] phenoxybenzamineol 93} AHFd &M 7
Aoz g sFAKA7ste F 1/309 3
). % Karasawa 5°% fentanyl& a-adrenoceptor
Aggo]l AFE A HAm, olHF FHLL
naloxoneol 2l8| of*folut Ed(reverse)ol HA &
=01 #3d. ojgel 939 fentanyle] Y ol¢

Table 3. Inhibition of Conn'aggile Responses to
Caffeine and Norepinephrine in Ca® Free Solution (%)

Contracting Agents

Dosage(M) =
Caffeine(20 mM) NE(107 M)
Control 0 0
107x5 224140 246%34
10° 458187 232447
107 57.9+6.0 70.3+29
Recovery 69+t4.7 89%51
Mean+ SEM.

00 ©05 10 25 S0 100

Fig. 4. Effect of extracellular CaZ inducing contractile
response in aortic rings depolarized with KCl in a Ca
free solution. Contractile responses are expressed as
the percentage of maximal contraction evoked by Ca
in the absence of fentanyl(control). Data are expressed
as mean+SEM.
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282 ¢-adrenoceptor XHtzHEo 9% ZHojm ¥
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A fentanyl®] FXol ®la#idte ol¢kel A7l R
o2 g & £ UAKFig. 1). £F fentanyl
table 1914 2 4 & Hie} o] RDxo 2 Hlw3}
W U e {50 wE olgdF=st FANY A
o] veh}A @stth aelox dgo|gd Az &
212 NO(nitirc oxide)?] AHEA AAAZ el
LNAMES®] Atgolx B33t Ao]Ho] ge AL
2 Rol APt fentanyld] o8] Ao F
#gaittn ¢ & £ Qo 2 Yelx Ay &
H[E & ojgt B39 prostacyclin® At A cyclo-
oxygenase A A A Q) indomethacing AHE 3 B3
ok olghg oAlse ¥EokE FdE 2 4 U
(Fig. 3).

aRAH AFuge oz fYHE CaERE
A2 £E5A2 583 28 (receptor-operated
channel, ROC)8l= NE# voltage 3-&(voltage-
operated channel, VOC)ol 18 Ca” %% (influx)-&
& KClo %o 9lojAl fentanyl®] oA=&
#3 & 2R fentanyl?] FEol wel el gl
AR QA Folg R FH EdPon, RDy
o SlojAd <fzke] Aolrt AUAT fentanyl® «
-adrenoceptor XF&ta4& AREHA B FAE %
& cH(Fig. 29+ Table 1).

8 9-2]= fentanylel Ca¥ %2 kA2 243}
of Ygolghs {HA3E7IE HAHHN HI2 9
verapamil®} o|¢HE PA4E WLl BAAT 1
S qolA tzA Jeigon Z3JF guanylate
cyclase A A2 nitroglycerinol = 8 #olgt oo
FA & Zold 4 gUSicK(Table 2). ol wat ¥
o FANo2 AEupddE Ca7t 9iE AHE o
EF nFz9 KCl 2 AXE g233) A7 A
¥upgozRE Ca'ed FEE ¥HHoR 549 7t
HA 23 FEE Bt 128y fentanyl
(10°M)9] &L FEdE od dAHA 359
e #MgE zolg Ho Fx RFeAoE Hol

fentanyle % Ca”d HEW F2ALA(Ca”
channel blocker)®] 9@ 37 % Ao eyt

MEW Ca¥ #9€ ROC, VOCH = nonselective
cation channel(NSCC), reversed Na'/Ca” exchange
of o& 7hsateH?. NSCC(histamine, serotonin)el
Ao tlg fentanyl®] €& Toda 5ol 93tH
23tk 39, Reversed Na'/Ca® exchange®)
el 9t fentanyl®] ol 7HeA & £ AFdA
£ 8 #8h a2y ROCA 9% Ca”™-induced
Ca” release(CICR)E M8l BUth T2¥AZ 3
B Ca" & #2st%% 8h: caffeines CICR 713
0.2 IP; pathway® £ XY CaHa 8 Zus}
£ NEo2 M¥9d Ca¥ol ge zUg usx
fentanylo]l 1€ Wt ¢1& wo| wet fentanylo]l &
=o me HEY Ca¥fel 9@ 52 B An
Fig. 59 Fig. 63 %] fentanyl®l EXo o} £=
o] @A&A AAHT YeE AL B + U

ool dEHo=2 B fentanyl #F9 %
s "M HauHe] fFete 4ol a
-adrenoceptor g zHg-of o CICRo] AL 1
JolE ECE sldo FAZAZ HE G §
27t oA o] d@o|gtdgo] Ut A& BA
Fon g & & AUtk

—O— Norepinephrine

60

40

% inhibition

20

¥ L]
Control -6.5 -6 -5
Fentany! Concentration (log M)

T
Recovery

Fig. 5. Effect of inhibition of intracellular Ca” release.
Inhibition of contratcion in the presence of incremental
concentration of fentanyl were expressed as the
percentage of maximal 2contraction without fentany!l
(control). Intracellulaqua' release were evoked by 20
mM caffeine or 10°'M norepinephrine in Ca™ free

_solution.
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2 of

Fentanyl®] ¥@olgt 71dS #FHstaz 3¢
F ™ duog H4¥L a9t

(1) 10°M NE3 40 mM KCl8] $E2 %8 &
W @Fo fentanyl& FHH0E Fo AL W F
Lo "3t FFo] ojgk HYrh ol F o] A&
< A HHY FF9E AH flo] vkt Ftez
SAAHA ol 7t AUk

(2) gzt e EHAA fentanylol] 97t o]
#3142 NE# KCIztel sxol wal fo@ zhoj7}
ARAT Adg¢E 2ol= ARt

(3) NE# KClol ®igh fentanyl®] RDso(50%
relaxation dose)= @y FFo g FAHI
ol g B 4 stk

(4) Fentanyl® RDs¥ verapamil, niroglycerin®
RDsx# HlE3 d3dE 97Hpotency)doz Euj
fentanyl® calcium %2 =¢A¢  verapamil®
cGMPY %7t o]¢hat8o] Ql& niroglycerind th
2A vepsdel

(5) LNAME® indomethacin®] Sl& Aol 4]
fentanyle] d¥olt 282 7Y L fentanyl &
Z(10° MelA BAF =ol7t AR, 2elM =
LNAME® indomethacin® #5-of 4@glo] vl&dt
Fdel ojghtgo] YERRtT

A;\_J\J\

} "
107xsu '

BN

0" xSM

‘R 300 mg
‘ 2 mmn.
wiu Recovery

~ N

-5
0 M

Fig. 6. Typical tracing _gf contractile resonses to 29
mM caffeine(A) and 10°M norepinephrine(B) in Ca™
free solution. Responses were obtained after incubation
of incremental concentration of fentanyl for 15 mins.
After washing several times final recovery result were
checked.

(6) Ca” free §4elA KCI(100 mM)E B3
¥ AHZ Ca g FHHoR Fosld £5& FF
Q= 10° M9 fentanylol A& W 18 wol
Fo% ol AL

(7) SA2EAZ 2E C9 feld HE fentanyl
o Z4& WU} AYo 2 caffeinert NEQE A
2% & 2 Z3 fentanyl®l F%7F Fobdd wel
caffeine®} NEol 2l zt3of tigte] ZAEAZ 7
B §E5HE Ca¥dl d8 F5280] 44 = A
& £ F Atk

HEHOZ fentanyle #FH9 FHUEH HH
Ao dadsle) fFo= A#glel d-adrenoceptor
Az e 29dx tE 2dd s ZAEAR
2E Ca"9 #a7t dAso] YHo|gAgo] Ue
Us e BoFa gtz & 5 o
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