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The Relaxant Effects of Propofol and Ketamine
on Guinea-pig Tracheal Smooth Muscle

Ki Jun Kim, M.D.*, Shin Ok Koh, M.D., Won Oak Kim, M.D. and Yong Taek Nam, M.D.

Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Background: Propofol inhibits postoperative bronchospasm. Ketamine prevents bronchospasm in
asthmatic patients. The present study was designed to evaluate the effects and mechanisms of propofol
and ketamine on tracheal smooth muscles.

Methods: After isolating guinea-pig tracheal preparations, the maximal tracheal tones were induced
by smooth muscle constrictors(2 X 10”7 M carbachol, 107> M histamine, 30 mM K" Krebs solution, 124
mM K* Krebs solution). When tracheal tones stabilized, propofol or ketamine was added cumulatively
to obtain the concentration-relaxation curves, and calculated the EDsy and EDgs.

Results: Propofol and ketamine decreased maximal tracheal tones in the concentration-dependent
manners. The EDsy and EDos of propofol were lowest in the histamine group, highest in the 30 mM
K" Krebs solution group. The EDsq and EDgs of ketamine were lowest in the 124 mM K* Krebs solution
group, highest in the histamine group.

Conclusions: The relaxant effects of propofol and ketamine involve with all receptors in nonspecific
way. However, propofol may inhibit more strongly the histamine mediated mechanism of tracheal
contraction and ketamine may involve more strongly with Ca’’ channel. (Korean J Anesthesiol 1997;
32: 185~191)
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ol A 7ic}. FHol ZHEWe AUAHQ] FFAeolA
propofol2] EDsp 3.65 mMo]3lewl”, 40 mM K'ol]
o# +&3 Fo HEY dEWellA ] propofol]
EDso 7t7} 15 uM, 50 uM o]%e}”. o]9} e A
AEE Hu propofold] 7% o| T UFET
At vislA ZldE gl diY AHHA ZA§
o2 dojurin BA4Y FE Ut Pedersen T2
propofole] 7| Eo|gta ¥+ wed] ZB5EHE do
1w 0Al@mediator)E2]  --&-Al(receptor)ol]  TH3ak
Agargol] g%t Heo] ole}l o] 2FFEu} effector
mechanismE-2] W#, = nonspecific pathwayE %
A Gojdriam FAe}”.

KetamineZ 712 &g AAsl= A YalH Al
2% AA%ANA VA FHE ALY @
t}”. Ketamineo] 7|Eo|¢he] 7]Ae 2zHA7AA a4
o2 Avstz glon, Awe] ZBHETNA keta-
mine-g histamine £y KCIZ 34171 AS$ Ag
Hj&g o) AFNE HAcH?. Cabanas 5 ketamine
o] AMH oz ANVFLZE oAz Y.

Propofol#} ketamine] 7]%o0]¢ AFE QAo
2 & 484 93, FEAYINE #Usden,
ojgte] 4 W JAE FAlol vy dAF¥E YA
gt weld B dFolie HE g FHErjde
2 713PTE FHAE FAAEE ALdslo
1 RG Y25 FEA7] Fol propofold} ketamine-2
FHFJslo] ZBHGTe ol9e Axe) 3 %Y
£ Yotia, propofold} ketamineo] 7|W=3&+ o]
o E A17E 58 Bux o

Chah 9 o

AF 350~450 go| 71Uy 20vi2]E oHl2E o}
AAY o5 AERER AFAEE AWes V)
e F4EA Z|REANEAA Bl AAG
¥, 100% O bubblings} 4-2ollA] F9x|wbz=|z}
=g AARNAG AFE JHPge g A
o goldA ohg, 3/ WA 9] AF S EeAl
g9 A7 mmX5 mmE e

718 R 4o Az Fol AL el st
o]7)e]| strain gauge transducer(Grass medical instrument,
Quincy, Mass., USA)E At 719 £39 ¥

o Az d7sled Krebs solution 25 mlE ¥3}3)
+ organ bathol] 30 2 upetell A AF e} Organ
bathx 37°CE §A)3}iL 95% 0.8} 5% CO7} ¥
o] X5 #glrh Krebs 849 =AL o5t 2
kch(mM / liter: NaCl 120.7, KCl 5.9, CaCl: 2.5,
MgSO, 12, NaHCO; 15.5, NaH,PO, 1.2, glucose 11.5,
PH 74). 2} 89 FHA AL force transducer
(FT-03)E E3od 7153k 7 EEL 15 g9 #
A7l AHE A3 0EZL HYE oFEF Tt
7}z} ohE ERo] 2x1077 M carbamylcholine chloride
(carbachol®, Aldrich Chemical Co., Milwaukee, WI,
USA), 107° M histamine(Sigma Chemical Co, St
Louis, MO, USA), 30 mM K’ Krebs solution, 124
mM K' Krebs solutiong& Fojste] 34 3ol 3
t7b HA ek d7ie]l 107° MellAl 1071 M7=]
2] propofol(Diprivan®, Cremophore EL, ICI-Pharma.,
Macclesfield, England)3} ketamine(-f-3toFal, 41-8)&
FHEAY ¥ 7 FEAY FHA AHE MF
slchFig. 1). ohg GAle AEe 3] Aol BE
EEEL Krebs solutiono. 2 AA¥E 1587 Fuct
30 mM K" Krebs solution, 124 mM K" Krebs solution
2 A4 Krebs solutionol] E£8k2] NaCl-g- KCIZ thX]
ol wrEsiet

Carbachol, histamine, 30 mM K’ Krebs solution,
124 mM K' Krebs solutione. 2 X3 Fd7|#A4
< goE, o|dAEE F5EF Hupr|HAHd d
o] propofol 9 ketamineol] 23] olgt®l r|FAH
"]l relaxation percent(%)2 YeElew 1 e
B+ EF X mean+ SEM)E L ERK tHo=3 o
44). =" HAEE 0%, 95% FAEAIE F
X9l propofol# ketamine®] EDso, EDgsi= four-para-
meter logistic equation© 2 F5+91cH?. Carbachol, his-
tamine, 30 mM K* Krebs solution, 124 mM K’ Krebs
solution®. 2 355 propofol 2377 ketamine 244§
+ Aole] Hul7lggde naeg, g FxolAe
propofol®} ketamine A}ole] o)l w}e] vliE, ey
propofol#} ketamine®] EDso, EDos9] H]3Z: Mann-
Whitney u test2 7]A3}9l.2v, propofol#} ketamine
9 FEFTIN wWE olgAFe] Fri= Friedman
test® Hl2&deh P gk 005 vgkE ojoglE A
o2 Bt
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Fig 1. The effects of propofol(A) and ketamine(B) on guinea-pig tracheal tone induced by 2x 10”7 M carbachol.
Note the representative time course of the effects of cumulatively applied propofol and ketamine(10™°—10™%),

| r

1) Carbachotol o|8) $59 7RGl g
propofol 3} ketamine2] o] st 3}

2X107" M carbacholell 218 $%% Hulr|Baty
< propofol#} ketamine ¥ oll oA ZH7h 328+
020 g, 3.19+0.14 go. 2 {23 Xo]E Holx) ¢k
t}. Propofol-& 10°%, 3% 107 107% 3x107%, 107%, 3
x107%, 107 MZ Z7}A7loll wta} relaxation %
2.28+1.34, 3.96+1.85, 7.01+220, 11.48+2.26, 29.67
+5.08, 55.06+3.85, 83.33+359% % %5922 (con-
centration-dependent) 2. & ZF7}+} 9 th(p<0.001). Keta-
mine-g 107° 3x107% 1075, 3x107%, 1074 3x107%,
107 M2 Z7A%el wet relaxaion %% 055+
0.37, 2.84+0.84, 8.82+1.86, 19.58+3.45, 49.54+3.80,
83.13+4.47, 9599+368%2 EEEHo T Zv}s}
% 5H(p<0.001). Propofol2 1074, 3x107*, 10™° Mel|4]
ketamine e} relaxation %7} 2]2)glA] WglrK(Table 1).

2) Histamineoll 2l3f 53 71§30 g
propofol#} ketamine2] o l# 7}
107° M histamineol] o8} FE5 H7|BAHL

Table 1. The Effects of Propofol and Ketamine on the
Relaxation of Guinea-pig Tracheal Tone Induced
by 2x107 M Carbachol

Propofol Ketamine
(n=18) n=12)
Concentration(M) Relaxation(%)

10°° 228+1.34 0.55+0.37
3x107° 3.96+1.85 2.841+0.84
107° 7.01£220 8.82+1.86
3%x10°° 11.48+2.26 19.58 +3.45
107" 29.67+5.08% 49.54 +3.80
3x107* 55.06+3.85% 83.131+4.47
107° 83.33+3.59% 95.99+13.68

The values are mean+SEM. t : p<0.01 propofol versus
ketamine group. ¥ : p<0.001 propofol versus ketamine
group

propofol®} ketamine A1§Ftoll glolA Z+Hzt 2.93+0.20
g 258+008 go 2 {28 }olE EHeolx gsirh
Propofol-& 107% 3x1075 107%, 3x107% 107% 3x
1074 107 M2 Z7}A17lell whe} relaxation % 2.14
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Table 2. The Effects of Propofol and Ketamine on the

Table 3. The Effects of Propofol and Ketamine on the

Relaxation of Guinea-pig Tracheal Tone Induced Relaxation of Guinea-pig Tracheal Tone
by 10° M Histamine Induced by 30 mM K* Krebs Solution
Propofol Ketamine Propofol Ketamine
@®=12) (n=8) (n=12) (n=8)
Concentration(M) Relaxation(%) Concentration(M) Relaxation(%)
107¢ 2.14%+1.13 0 107¢ 331+1.54 1.40+0.73
3x107°¢ 8.86+1.75* 4431057 3x107° 8.13+3.04 5.79+0.78
107% 12.29+2.19* 7.391+0.98 107? 14.51+5.28 13.55+2.58
3x107° 22.91+3.15% 1234+ 1.11 3x107° 23.75+6.46 20.98 +3.44
107! 45.83+397% 24.29+2.70 107* 36.53+7.33% 68.63+6.80
3x107* 71.98+3.93*% 52.63+6.84 3x107* 50.01+7.91% 93.38+4.69
1073 85.48 +2.85% 66.81+3.16 1073 55.13+6.73% 96.83+2.44

The values are mean+ SEM. * : p<0.05 propofol versus
ketamine group. ¥ : p<0.001 propofol versus ketamine

group

+1.13, 8.86+1.75, 12.29+2.19, 22.91+3.15, 4583+
397, 71.98+3.93, 85481285%% EEojZEHow
Z7181%cHp<0.001). Ketamine e 1075 3x107°, 1073,
3x107°% 1074 3x107%, 107° M2 27Xl wel
relaxation %3 0, 4.43+0.57, 7.39+0.98, 12.34+1.11,
24.29+2.70, 52.63+6.84, 66.81+3.16% 8 EEo|ZH
28 Z7}3lg th(p<0.001). Propofol& 3x10°¢ 1077,
3x107% 1074 3x107%, 107® Mol|A] ketamine .t}
relaxation %7} 2}2] 1A E9kc}(Table 2).

3) 30 mM K+ Krebs solutionol] o]2f 459
713732 o] 93t propofol#} ketamine] o]
2435 9}

30 mM K" Krebs solutionol] &j3] §£% 7|4
H& propofold} ketamine ATl loiA 2zt 30
+0.29 g, 2.52+0.34 go 2 §9]3 X}o]E Holx| g
gtel. Propofold 1075 3x107° 107°% 3x107°% 1074,
3x107% 107° M2 Z71A7o wet relaxation %
331+ 154, 8.13+3.04, 14.51£528, 23.75+6.46, 36.53
+7.33, 50.01+7.91, 55.13+6.73% 2 EEo|&3o=
Z7}549cH(p<0.001). Ketamine-g 10°°, 3x107° 1073,
3X107% 1074, 3x107%, 107° M2 Z7} A6l whet
relaxation %E 1.40+0.73, 5.79+0.78, 13.55+2.58,

The values are mean+SEM. * : p<0.01 propofol versus
ketamine group. ¥ : p<0.001 propofol versus ketamine
group

2098 +3.44, 68.631+6.80, 93.381+:4.69, 96.83+2.44%
2 sEdEHog F7H81ch(p<0.001). Propofol e
1074 3x107% 107° Mol|A] ketamine®.t} relaxation
%7F 22 UA G3kek(Table 3).

4) 124 mM K+ Krebs solutionel oj#f] §-5%

7134 o] i3t propofol#} ketamine2] o]
21 %

124 mM K' Krebs solutionel] o} §=% #uly|
#7482 propofol#} ketamine A1¥Foll uoiA z+Hzh
301020 g, 2.69+0.17 go.2 {938 o]E Ho|x|
ok}, Propofol-g 107% 3x107° 107, 3x107°, 107¢,
3x107% 107° M2 Z7}A17lel we} relaxation %
0.48£0.48, 2.81+0.77, 11.34+3.13, 17.68+4.31, 34.90
+4.37, 57.0+7.14, 72.40+537%% EEoEHog
Z7}81tHp<0.001). Ketamine-2- 107% 3x 1075, 1073,
3x107% 1074 3x107% 107> MZ Z7A)Ze) wet
relaxation % 7.20+0.40, 19.93+2.24, 39.72+3.35,
61.84+3.27, 87.28+1.47, 99.44+0.56, 100+0%= ¥
ZolERog ZF7}319 cHp<0.001). Propofol® 1075,
3x107% 107%, 3x107°% 107%, 3% 107 Mol A] keta-
mine 2.} relaxation %7} 2]2]91A] Btk (Table 4).



Table 4. The Effects of Propofol and Ketamine on the
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Table 5. The Values of EDs; and EDys for Guinea-pig
Tracheal Tone Relaxation of Propofol and

by 124 mM K' Krebs Solution Ketamine
Propofol Ketamine ED5S0(mM) ED95(mM) n
(n=9) (n=11)
Carbachol’
Concentration(M) Relaxation(%) Propofol 0.24+0.05% 1.65 +0.22* 18
Ketamine 009+001  081+0.14 12
107¢ 0.48+0.48% 7.20+0.40 Histamine®
3x107° 2.81+£0.77% 19.9342.24 Propofol 0.11+002*  159+0.11% 12
107 11.34£3.13% 39.72:£3.35 Ketamine 023+003  1097+4.14 8
3%x107° 17.68 +4.31% 61.841+3.27 30 mM K+
107 34.90+4.37% 87.28+1.47 Propofol 042+0.11% 1739+602% 12
3x107* 57.00+7.14% 99.44:£0.56 Ketamine 0.05+0.01 0.774025 8
107° 72.40+5.37 100.00 124 mM K+
_ Propofol 0.23+008% 879+223% 9
The values are mean+ SEM. $# : p<0.001 propofol versus Ketamine 0014001 0204003 i

ketamine group

5) Propofol®} ketamine2] ED50, ED95

Propofol2] EDspx= histamine(0.11£0.02 mM), 124
mM K' Krebs solution(0.23+0.08 mM), carbachol(0.24
+0.05 mM), 30 mM K’ Krebs solution(0.42+0.11
mM)eZ FEH Z¥AY £o2 Ydgton], EDst
histamine(1.59+0.11 mM), carbachol(1.65+0.22 mM),
124 mM K’ Krebs solution(8.79+2.23 mM), 30 mM
K' Krebs solution(17.39+6.02 mM)2. 2 §%5% 7|3
A o8 okt

Ketamine®] EDsp¥= 124 mM K Krebs solution(0.01
+0.01 mM), 30 mM K’ Krebs solution(0.05+0.01 mM),
carbachol(0.09+0.01 mM), histamine(0.23+0.03 mM)
02 F59 7183y £o2 dgton], EDuv 124
mM K" Krebs solution(0.20£0.03 mM), 30 mM K’
Krebs solution(0.77+0.25 mM), carbachol(0.81+0.14
mM), histamine(10.97 +4.14 mM)2.8 X% 7]B A
3 ¢o 8 JkcH(Table 5).

Carbachol, 30 mM K Krebs solution, 124 mM K’
Krebs solution §XtellA propofol2] EDsy, EDgst=
ketamine 2t} 19 Q1A gk oL}, histamine f-5 7ol
A 9dUA YSkrHp<0.05)(Table 5).

The values are mean+ SEM. * : p<0.05 propofol versus
ketamine group. ¥ : p<0.001 propofol versus ketamine
group. a, b, c, d : refer to guinea-pig tracheal tones which
were induced by 2 x 10”7 M carbachol, 10> M histamine,
30 mM K Krebs solution, 124 m M K Krebs solution
respectively. EDso and EDgs refer to the concentrations of
propofol and ketamine that decreased tone to 50 and 95%
of the maximal response induced by 2+107" M car-
bachol, 10~* M histamine, 30 mM K" Krebs solution, 124
mM K* Krebs solution respectively.

i &

1Eolgte] MHegE whAFe] A=HY, 3¢} uf
MA gele] oA"Y, Z1wPEgEe AP ol
ol 2da, FAHHQ olgke] HEAH sNAHe2E
AHFE2 R} gAY w3 2TdE e}
FEZ/MEE bt Aoz A",

VGG g oA EHY FEEY #
gl gt oJ7kA A7t Aot FES2 54l
A KCZ F=3 7|1 8H¥29 5% carbachol,
histamine 2.2 FE¥ J|#¢HEc) oS P o
AN, EelgF2MAE AEZRE K
FEAA AEE FEFAZLLEN 7| BRHGE o
AXFAE oy, 20-30 mM K'o2 {453 ¢
ol 80 mM o]4e K, histamine, TEAE fx%
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3R Jugeg o giust o ag™?. Ven-
pamil-$- carbacholol] o}% 7| E2& AL LAl
o] lidocaineol] &j%t o] AHNE F7FAAH”. Theo-
phyllines} f, +&AlEsMe KCZ2 F2d 735
%5} carbacholZ =9 71RFEE US o A4l
A1,

¥ T4 propofold carbachol, histamine, 30
mM K Krebs solution 3-& 124 mM K’ Krebs solution

Boll g8 %% 7J"Y ANPRETE FENE

Hog oAt wEtA propofole] 7] H|HFT
ol Ru Ay el JNAVFEHE diAEE EHG
228 FAgeoEH Arle o] ohlel, 84
o|3t thAl e o] FZol FAEsAL, v o
2 BE 444 FEse Aoz 43¢ 5 QU
¥4 histamine 2 2 %A)7] 79-oll propofol?] EDso,
EDss7} 7+ Y9kew] 30 mM K' Krebs solution® 2
FHAZ Bl st Edeh whebAl propofold-
histamineo] F&AH 7Mool B} dgHoz 733}
it A2 §3¢ 5 Uk £ AYY pro-
pofol EDss ¥4 & Ar#l ¥ EDgsoll 419} vh2A] 124
mM K Krebs solution® & &g §E3 75
carbacholZ #538 73-9-Hct wghel 228y 53
& Aolell oleigle Xolrt gli, =i EFLXE
Azl Foll o] 47 dogle Aoz HIe o
gk Pedersen 59 71Ug Z1FHIE AYlAE
A 28 48 7 9ol histamineo 2 §xE3 3§
B}l EDs7t gstel). B AyeldE AgHog &
%5 f53o AYEE A g3, =Y JAVEE
o] Fupd, AE% &A 9 propofold] FE F
o] olg} vtz ZHAQ niZE oYt 3
t}.

Ketamine-2 carbachol, histamine, 30 mM K’ Krebs -

solution, 124 mM K’ Krebs solution Sl 9|3 &
g ZVge] JaggIE FEEHT oA
Fvk. @ekA propofoloil 2t wlit7}A 2 ketamineo]
Z1BHY T o|YAAE W JFFHE wilE
£ 5AY FEAE ez Arle Rel of
Yzl $8A o3} A EE o] 2T FHEA
U, Bldgzes 2E FEAd Agse ez
Azt 4= qlt}. Ketamine?] EDso, EDgst= 124 mM
K" Krebs solutione22 F&A1F 3ol 713 <3t

29 histamine® 2 FHAZ Al b Foit
ol ZFITEEAAY FALUY4H KA} el
A ketamines| Z]WPEZ ol UFF=Hs
Ho o] 3ol & Ao {53} Ketamined)
7120l 71HL aPAFA GHez desa gl
2u®, Lundy & ketamineo] 7|U¥ 7]@gF-2ol
A HAAHY olRHIAE Yehge Ui, 7|
Uy 7|35 g2l A carbachol#} histamine 28 F%
g $£%¢ FPdez AYPde Bas Yd?
wyk Aete] J)APT o)A ketamined  histamine
EE KCZ £H#AZ ZS A vy o|%iang
By EnE ln'? JJUYg Jageseg F&
7HA YA He FET F Rl o|%aIs}
AR adE A7FE A

Aol vl §5A] propofol I ketamine2] §-A
852 2 mgkg iv. o|H, & FU¢e] propofold
HAEEE 25~50 uMo| ™, ketamined] PHEE
£ 25~50 pMolth. B dFoll4 %7 EDsok
o] 3R}t WA vl wetAd AFe AHF A
sl XA propofold} ketamineo] o] AHX 9]
NBHGE o|RAH}} deAE Yo o AT
Al -side. AR AU, % 9 ol
Azte} £u, fepol= F3 & FMA 7I=31F
o 7|zl Bodffe] A loy®, B oAF
dAde 71R4HE AASA ke Al 7H
g9 7% 49 ot AEE FAeng F¥
propofol A ketamineo] 7]@4t=]E vAfsle] FjA
% g ol uixe FHLol dsld JHEN &
HaAe] ot ARt £ Al T8 1A
3 237kA e At AAEGied ol 71RHY
o] & Aofs] HoN43-F fatigue, exhaustion®|
of AtHog olgtd FE SlE 7HeAE HulY
Folxzt 3olgich.

AE# oz propofold} ketamineS 7|uj¥e| sk
HYIE FoAFEHoE o|¢AFIM, propofold} keta-
mine?] 7|PHFPT olfAdE A JBFHE
st SAG FEAE gz Yrle A
o] oluz}, =8l of3} A Ex o] LF=ol FE
siAU, vidgH oz BE FEA0 FEse Ao
2 A7ZH% 4 9len, propofol histamineo| ¥
7186 B} Aoz }atA 2849, ketamine
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