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배경 배경 배경 배경 

 최면제는 임신, 분만과 출산시 사용된다. 이러한 최면제는 자궁평활근 뿐만 아

니라 다른 평활근에도 여러가지 효과를 갖고 있다.그러나 자궁 평활근에 대한 

etomidate에 대한 효과는 알려져 있지 않다. 이에 저자는 propofol, thiopental, 

ketamine, etomidate가 흰 쥐에서 추출된 자궁근에 미치는 이완효과를 관찰하였

고 비교하였다.

대상 대상 대상 대상 및 및 및 및 방법방법방법방법

    준비된 자궁근은 비임신 암컷 Sprague-Dawley 쥐(200-250g)로부터 추출되었

다. 쥐의 자궁은 10mm의 절편으로 절단하여 Krebs용액에 담그었다. Krebs용액

(mM)은 NaCl118.3,KCl4.7,CaCl2 2.5,NaHCO3 25,KH2PO4 1.2,MgCl2 1.2
andglucose11.1로 구성되어 있다.수조내의 용액은 37°C로 유지시켰고,95% O2
와 5% CO2의 혼합가스가 공급되었다.자발적인 자궁수축이 이루어진후, 다양한 

농도 (10
-7

∼10
-3 

M)의 propofol (n = 25), thiopental (n = 25), ketamine (n 

= 25), etomidate (n = 25)을 수조에 첨가하였고, 자궁이완효과를 지속적으로 

기록하였다. 자궁근의 수축장력과 빈도에 있어서 각 약물의 EC5,EC25,EC50,
EC75,EC95는 probitmodel을 사용하여 계산되었다.

결과결과결과결과

 Propofol, thiopental, etomidate (10
-7

∼10
-3 

M)와 고농도의 ketamine (10
-4

∼

10
-3 

M)는 용량 의존적으로 자궁수축을 억제시켰고, 저농도의 ketamine (10
-7

∼
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10
-5 

M)는 자궁수축을 촉진시켰다(P<0.05).
Propofol, thiopental, ketamine, etomidate의 수축장력에 대한 EC50은 각각 

1.88×10-5M,5.90×10-5M,3.41×10-4M,2.53×10-5M이었고, 수축빈도에 

대한 EC50은 각각 2.53×10-5M,5.36×10-5M,2.07×10-4M,2.76×10-5M
이었다. 자궁 평활근에 대한 최면제의 이완효과는 propofol> etomidate >
thiopental>ketamine의 순서이었다.

결결결론론론
Ketamine의 저농도(10

-7
∼10

-5 
M)를 제외한 propofol, thiopental, ketamine, 

etomidate의 모든 농도에서 자궁근을 이완시켰다. Propofol은 이 최면제들 중에

서 가장 강력한 자궁근 이완효과를 보였다. 따라서, 저자는 자궁수축이 필요로 

하는 산모에서는 ketamine을 이용하고, 자궁이완이 필요로 하는 산모에서는 

propofol을 사용하는 것이 좋을 것으로 생각한다. 
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IIInnntttrrroooddduuuccctttiiiooonnn

Intravenoushypnoticshavebeenusedforinductionofgeneralanesthesiain
cesarean section delivery.They are also used in pregnancy,labor and
delivery.Therefore,hypnotics using in obstetrics should have the rapid
inductionofanesthesiaandawidemarginofsafetyformotherandfetus.It
iswellknownthatuterinesmoothmusclehasspontaneouscontractility in
nonpregnantratandhuman.Mechanism ofspontaneousuterinecontractions
maybesuspectedbyintrauterinecalcium concentration.Asinothertissues,
intracellular free Ca2+ is a primary regulator ofuterine smooth muscle
contraction.1)Itwasreportedthatsomehypnoticshavevariableeffectsonthe
spontaneousuterinecontractions.2-6)
Propofol(2,6-diisopropylphenol),anon-water-solubleaqueousemulsion,is
used forinduction and maintenance ofgeneralanesthesia.Because ofits
pharmacokineticprofile,ithasexcellentrecovery characteristics.7) Although
neonatalelimination is slower than thatin the mother,8) there was no
correlationbetweenApgarscoresandpropofolconcentrationsintheumbilical
blood.7)Propofolhasrelaxanteffectsonvascular,9,10)tracheal,11)anduterine2)
smoothmuscles.
Thiopentalisthemostfrequentlyusedintravenoushypnoticstoday.Itwas
reportedthatthiopentalhasanexcellentrelaxationoftrachealsmoothmuscle
in rats.11) Thiopentalcan causean initialdropin maternalbloodpressure,
whichmaycauseareductioninuteroplacentalbloodflow.12)Despitearapid
placentaltransferand incompletely developed hepaticmetaboliccapacity in
neonates,Apgarscoresandneurobehavioralscores afterelectivecesarean
sectionatterm werereportedsatisfactory.13-15)
Ketamine(2-0-chlorophenyl-2-methylamino-cyclohexanonehydrochloride)is
aphencyclidinederivative.16)Itisdifferentfrom mostotherhypnoticsinthat
ithas significantanalgesic effect.Ithas been used in obstetric patients
becauseofitsrapidinductionofanesthesiawithprofoundanalgesia.16)Itdoes
notusuallydepressthecardiovascularandrespiratorysystems.17)Itdoesnot
inhibitlaryngealandpharyngealreflexes.Itisalsoapotentbronchodilator.18,19)
Inparturients,ketaminehasbeenreportedtohavevariableeffectsonuterine
toneandcontractility.3-6)
Etomidateisanimidazolederivative(R-(+)-pentylethyl-1H-imidazole
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-5carboxylatesulfate).20)Ithasbeencommonlyusedtoinduceanesthesiain
patientswhohavelimitedhemodynamicreserve21,22)afteritsintroductioninto
clinicalpracticein1972.23)Ithaspropertiesofhemodynamicstability,minimal
respiratory depression,and cerebralprotection.Although a smooth muscle
relaxanteffectofetomidatehasalsobeendescribedinisolatedrattrachea,24)
theeffectofetomidateonuterinesmoothmuscleisunknownwell.
Thecurrentstudy wasdesignedtoinvestigateand comparetherelaxant
effectsofpropofol,thiopental,ketamine,andetomidateonisolatedratuterine
smooth muscle.Furthermore,the present study aimed to suggest the
guidelinesforthechoiceofthecorrecthypnoticsinvariousclinicalsituations
ofparturients.
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MMMaaattteeerrriiiaaalllsssaaannndddMMMeeettthhhooodddsss

Thestudy wasapproved by theMedicalCollegeAnimalCareand Use
Committee.As experimentalanimals,100 Sprague-Dawley rats weighing
200-250gwereused.Allratswerekilledbyinhalationofcarbondixoide.
Theabdomen wasopened immediately through amidlineincision and the
uteruswasextracted.Themyometrialtissuespecimensweredissectedinto
stripsofmyometrium (approximately2㎜ wideand10㎜ long)inapetri
dishfilledwithKrebssolution;themusclefibersofthesestripswereoriented
paralleltothelongestdimension.Thesemyometrialstripsweremountedin
25 ㎖-tissue baths containing Krebs solution.One end of the longest
dimensionofamusclestripwasconnectedtoahookthatwasfixedtothe
baseofthebath.Theotherendofthestripwasconnectedtoanotherhook
fixedtoanextensionoftheleverarm ofaforcedisplacementtransducer.
Thebathsolutionwasmaintainedat37°Cbycirculatingtheheatedwaterin
thespacebetween thedoublewalls,and continuously aerated with agas
mixtureof95% oxygenand5% carbondioxide.ThepH isappoximately7.4.
TheKrebssolutionwascomposedof118.3mM NaCl,4.7mM KCl,2.5mM
CaCl2,25 mM NaHCO3,1.2 mM KH2PO4,1.2 mM MgCl2,and 11.1 mM
glucose.
Theisometrictensionofthemyometrialstripswasmeasuredusingaforce
displacementtransducer(FTO3®;GrassInstrumentsCo,MASS,USA)and
therecordingsoftracesweremadeonacomputer(PowerLab® datarecording
system;ADInstrumentsPty Ltd.,CastleHill,Australia).An initialresting
tension of2.0 g was applied.The bath solution was flushed with fresh
solutionevery20minutes.Theuterinesmoothmusclestripswereallowedto
equilibratefor90minafterbeingmountedinthebath,anddeveloprhythmic
spontaneous contractions. After spontaneous uterine activity had been
accomplished,propofol(n=25),ketamine(n=25),thiopental(n=25),and
etomidate (n = 25)in various concentration (10-7 to 10-3 M)was added
accumulativelyevery20minutesbyincreasing to10-7,10-6,10-5,10-4,and
10-3M tothebaths,andthechangeofthecontractionpatternwasexamined.
To expressthequantitativechangesin musclecontractility,wemeasured
threeparameters:restingtension,activetension,andfrequencyofcontraction.
The active tension was defined as an increase in tension (the tension
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between peak tension and resting tension)during musclecontraction.The
frequencyofcontractionwasdefinedasthenumberofcontractionduring20
minutesfortheapplicationofeachconcentrationofanagent.
Theparametersofthecontractionbeforeapplicationofeachdrugwereused
ascontrols.Theinhibitoryeffectswerecomparedwiththecontrol,andwere
describedas% inhibition.EC5(effectiveconcentrationof5% reduction),EC25,
EC50,EC75,and EC95 on activetension and frequency ofcontraction were
calculatedusingaprobitmodel.
Allobtainedresultsareexpressedasmean± standarddeviation,andthe
statisticalsignificancewasanalyzed by repeated measuresANOVA within
group,andANOVA betweengroups.IfrepeatedmeasuresANOVA showed
significance,the comparisons to controlwere performed,with the paired
two-tailedstudents'sT-test.Theprobabilitiyvalueswerethenadjustedby
bonferronicorrection. P valueslessthan0.05wereconsideredstatistically
significant.
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RRReeesssuuullltttsss
Propofol,thiopental,ketamine,and etomidate (10-7 to 10-3 M)decreased
restingtensioninaconcentration-dependentmanner(P< 0.05)but,ketamine
hadsignificantdifferenceswithpropofolontherestingtensionof10-5to10-3
M (Table1).

Table 1. Effects of Propofol, Thiopental, Ketamine, and Etomidate on      

           Resting Tension (g) in the Uterine Smooth Muscle.

Data are expressed as mean ± SD. "n" indicates the number of experiments.

＊: < 0.05, versus control.

†: < 0.05, versus ketamine.

Propofol,thiopental,andetomidate(10-7 to10-3 M)decreasedactivetension
andfrequencyofcontractioninaconcentration-dependentmanner(P<0.05)
(Table2,3)(Fig.1-3).Ketaminehadsignificantdifferenceswithpropofoland
etomidateontheactivetensionof10-7 to10-4 M (Table2).Ketaminehad
alsosignificantdifferenceswithpropofolandetomidateonthefrequencyof
contractionof10-7to10-4M (Table3).

Table 2. Effects of Propofol, Thiopental, Ketamine, and Etomidate on

         Active Tension (g) in the Uterine Smooth Muscle.

Data are expressed as mean ± SD. "n" indicates the number of experiments.

＊: < 0.05, versus control.

†: < 0.05, versus ketamine.

Drug
Concentration (M)

control 10
-7

10
-6

10
-5

10
-4

10
-3

Propofol(n=25) 0.39±0.11 0.39±0.11 0.39±0.11
＊

0.37±0.11
＊†

0.36±0.10
＊†

0.32±0.09
＊†

Thiopental(n=25) 0.44±0.10 0.44±0.10 0.43±0.11
＊

0.43±0.10
＊

0.40±0.12
＊

0.37±0.09
＊

Ketamine(n=25) 0.46±0.06 0.46±0.06 0.45±0.06
＊

0.45±0.06
＊

0.45±0.07
＊

0.44±0.07
＊

Etomidate(n=25) 0.43±0.11 0.43±0.11 0.42±0.11
＊

0.41±0.11
＊

0.40±0.11
＊

0.38±0.10
＊

Drug
Concentration (M)

control 10
-7

10
-6

10
-5

10
-4

10
-3

Propofol(n=25) 4.16±1.06 3.97±1.06
＊†

3.58±1.17
＊†

2.47±0.65
＊†

0.81±0.21
＊†

0.37±0.10
＊

Thiopental(n=25) 4.24±1.04 4.01±1.07
＊

3.66±1.13
＊

3.41±0.88
＊

2.29±0.6
＊

0.42±0.11
＊

Ketamine(n=25) 4.06±1.11 4.11±1.10
＊

4.26±1.16
＊

4.53±1.15
＊

3.70±1.02
＊

0.49±0.06
＊

Etomidate(n=25) 4.21±1.10 4.07±1.07
＊†

3.79±1.01
＊†

2.78±0.78
＊†

1.29±0.34
＊†

0.43±0.12
＊
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Table 3. Effects of Propofol, Thiopental, Ketamine, and Etomidate on 

Frequency of Contraction (f/20 minutes) in the Uterine Smooth Muscle.

Data are expressed as mean ± SD. "n" indicates the number of experiments.

＊: < 0.05, versus control.

†: < 0.05, versus ketamine.

10-7 10-6 10-5 10-4 10-310-7 10-6 10-5 10-4 10-3

Fig.1.Thedepressingeffectsofpropofolonspontaneousactivity(S.A)ofrat
uterinemyometrium.

Drug
Concentration (M)

control 10
-7

10
-6

10
-5

10
-4

10
-3

Propofol (n=25) 21.20±5.26 21.20±5.26
＊†

20.04±5.27
＊†

14.44±5.04
＊†

4.72±1.20
＊†

0.64±0.75
＊

Thiopental(n=25) 22.16±5.01 21.92±5.01
＊

20.16±5.20
＊

16.28±4.43
＊

10.4±4.33
＊

1.84±1.10
＊

Ketamine(n=25) 21.60±5.05 21.64±4.97
＊

22.24±5.20
＊

23.32±5.10
＊

16.00±3.91
＊

1.24±1.01
＊

Etomidate(n=25) 21.24±4.88 21.16±4.93
＊†

19.80±4.49
＊†

14.88±3.81
＊†

6.28±1.92
＊†

0.96±1.05
＊
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10-7 10-6 10-5 10-4 10-310-7 10-6 10-5 10-4 10-3

Fig.2.Thedepressingeffectsofthiopentalonspontaneousactivity(S.A)of
ratuterinemyometrium.

10-7 10-6 10-5 10-4 10-310-7 10-6 10-5 10-4 10-3

Fig.3.Thedepressingeffectsofetomidateonspontaneousactivity(S.A)of
ratuterinemyometrium.

Ketamineinlow concentrations(10-7to10-5M)increasedactivetensionand
frequencyofcontraction.But,ketamineinhighconcentrations(10-4to10-3M)
decreased active tension and frequency of contraction in a
concentration-dependentmanner(P<0.05)(Table2,3)(Fig.4).
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10-7 10-6 10-5 10-4 10-310-7 10-6 10-5 10-4 10-3

Fig.4.Thedepressingeffectsofketamineonspontaneousactivity(S.A)of
ratuterinemyometrium.

TheEC50'sofpropofol,thiopental,ketamine,andetomidateonactivetension
intheuterinesmoothmusclewere1.56x10-5M,4.97x10-5M,3.52x10-4
M,and2.73x10-5M,respectively.Therelaxantpotencyofpropofolwasthe
greatest; thiopental (1/3.2),ketamine (1/22.6),and etomidate (1/1.8)(Fig.
5)(Table4).
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Fig.5.Relaxanteffectsofpropofol,thiopental,ketamine,andetomidateon
activetensionofratuterinemyometrium.Propofolhasthegreatestuterine
relaxanteffectsandketaminehastheleastuterinerelaxanteffects.

Table4.EffectiveConcentrations(M)ofPropofol,Thiopental,Ketamine,and
EtomidateonActiveTensionintheUterineSmoothMuscle.

Data are expressed mean (SD).

EC: effective concentration.

TheEC50'sofpropofol,thiopental,ketamine,andetomidateonfrequencyof
contractionwere2.34x10-5M,4.20x10-5M,1.98x10-4M,and2.82x10-5
M,respectively(Fig.6)(Table5).

Drug EC5 EC25 EC50 EC75 EC95

Propofol 1.30(1.02) x 10
-7

2.19(1.25) x 10
-6

1.56(0.95) x 10
-5

1.10(0.75) x 10
-4

1.85(1.23) x 10
-3

Thiopental 1.64(1.45) x 10
-7

4.77(2.04) x 10
-6

4.97(1.48) x 10
-5

5.18(1.06) x 10
-4

1.51(1.25) x 10
-2

Ketamine 7.63(0.75) x 10
-5

1.88(1.10) x 10
-4

3.52(2.07) x 10
-4

6.59(1.25) x 10
-4

1.63(1.11) x 10
-3

Etomidate 2.30(2.03) x 10
-7

3.85(1.25) x 10
-6

2.73(1.54) x 10
-5

1.93(1.13) x 10
-4

3.24(0.89) x 10
-3
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Fig.6.Inhibitoryeffectsofpropofol,thiopental,ketamine,andetomidateon
contractionfrequencyofratuterinemyometrium.Propofolandetomidateare
thegreatestandketamineistheleastinthefrequencyreductionofuterine
contraction.

Table5.EffectiveConcentrations(M)ofPropofol,Thiopental,Ketamine,and
EtomidateonFrequencyofContractionintheUterineSmoothMuscle.

Data are expressed mean (SD).

EC: effective concentration.

Thefrequencyreductionofpropofolwassimilartothatofetomidateand
wasgreaterthanthiopental(1.8times),orketamine(8.5times).

Drug EC5 EC25 EC50 EC75 EC95

Propofol 8.78(0.52) x 10
-7

6.08(0.82) x 10
-6

2.34(1.24) x 10
-5

8.97(1.08) x 10
-5

6.21(1.23) x 10
-4

Thiopental 5.67(0.34) x 10
-7

7.19(1.02) x 10
-6

 4.20(1.89) x 10
-5

2.46(0.78) x 10
-4

3.11(1.32) x 10
-3

Ketamine 3.65(1.24) x 10
-5

9.90(0.78) x 10
-4

1.98(1.06) x 10
-4

3.96(1.54) x 10
-4

1.07(2.01) x 10
-3

Etomidate 8.35(0.70) x 10
-7

6.67(0.79) x 10
-6

2.82(2.11) x 10
-5

1.20(1.65) x 10
-4

9.55(1.05) x 10
-4
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DDDiiissscccuuussssssiiiooonnn

Obstetricanesthesiacontinuestoevolvethrough themanipulation ofnew
drugs and the developmentofanesthetic techniques in orderto improve
patientoutcome.Pregnantwomenhavetraditionallybeentherapeuticorphans.
Theuseofnew agentsofferbenefitstotheparturients(e.g.propofolfor
emesis).Hypnoticsaremainlyusedforinductionofgeneralanesthesiatoday.
The commonly used hypnotics are propofol, thiopental, ketamine and
etomidate.Therefore,particularconsiderationofthesedrugsisnotonlythe
influence on uterine contraction butalso the safety ofmotherand fetus
duringpregnancyandlabor.
Propofolissubstitutedderivativesofphenolwithhypnoticpropertiesresulted
in the development of 2,6-diisopropofol.Since propofol was introduced
clinically by Kay andRolly forthefirsttimein 1977,25)itisasafeand
effectiveanestheticinductionagent.Ithasexcellentrecoverycharacteristics,7)
suchasrapidrecoverywithreliableamnesticpropertiesandantiemeticeffect.
Propofolisusedforinductionandmaintenanceofanesthesia,aswellasfor
sedationinandoutsidetheoperatingroom.Itwasreportedthathypotension,
causedbyadirectvasodilatoryeffectofpropofol,cancauseadecreasein
uteroplacentalbloodflow resultinginfetaldistress.9)A significantreductionin
uterinesmoothmuscletonehasbeendescribed,butonly atconcentrations
muchhigherthanthosethatarecommonlyusedinclinicalpractice.2)Propofol
hasbeenalsoreportedtobesafeforfetusasaninductionagentforcesarean
section.26)Perioperativebloodlossisnotincreasedwiththeuseofpropofol.1,26)
Transplacentalpassageofpropofolisrapidbecauseitisalipid-soluble,large
unionizeddrugwithlow molecularweight.Whenpregnantwomenweregiven
abolusinduction ofpropofol2.0mg/kg forelectivecesarean section,the
maternalvenousconcentrationofpropofolrangedfrom 0.53to1.48ug/ml,7)
whichis2.33x10-6to6.51x10-6M.Thisplasmaconcentrationis4.66x
10-8 to1.30x 10-7 M propofolin vitro,because98% ofpropofolgiven
intravenously is bound to plasma protein.27) Therefore propofol in
concentration thatiscommonly used clinically would notdecreaseuterine
contraction.Ithas been described thatpropofolhas relaxanteffects on
vascular,9,10)andtracheal,11)anduterine2)smoothmuscles.Inthisstudy,asthe
concentration of propofol was increased during spontaneous uterine
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contractions,restingtension,activetension,andfrequencyofcontractionwere
reducedinaconcentration-dependentmanner.Ithasbeensuggestedthatthe
relaxanteffectsofpropofolmaybecausedbydecreasingtheconcentrationof
intracellularfreeCa2+(〔Ca2+〕 )withoutaffectingagonist-receptorbinding.28)
Theinhibitoryeffectofpropofolon〔Ca2+〕 mightbemediatedbothbya
decrease in intracellular inositol1,4,5-triphosphate (〔IP3〕 ) and by
inhibitionofvoltage-dependentCa2+channelactivity.
Thiopentalisabarbituric-acidderivativewithhypnoticandanticonvulsive
properties.Ithas been used the mostfreqently forinduction ofgeneral
anesthesiaforcesareansectionbecauseofitsrapid,smoothandpredictable
action.However,itcan also cause a decrease in maternalarterialblood
pressure,and this,togetherwith therapid placentaltransfer,may induce
some depression of the fetus. But,Valtonen et al29) investigated the
comparisonofpropofolandthiopentoneforinductionofanesthesiaforelective
caesarean section,and discovered thatthere was no significantneonatal
depressionasassessedbyApgarscoreandbloodanalyses.Despitearapid
placentaltransferand incompletely developed hepaticmetaboliccapacity in
neonates,Apgarscores and neurobehavioralscores afterelective cesarean
sectionatterm werereportedsatisfactory.13-15)Thiopentalcausedrelaxationof
trachealsmoothmuscleintheguineapig30),dogandcats,31)andrats.11)In
addition,itantagonizedtheabilityofacetylcholinetocausecontractionofthe
trachealsmooth muscleand produced dose-related reductionsin totallung
resistanceinducedbyvagalstimulation.Ontheotherhand,thiopentalcaused
adose-dependentconstrictionofguineapigtrachea.40)Thiseffectismediated
by constrictor prostaglandins and thromboxane.Butitwas known that
thiopentalhas an relaxanteffectoftrachealsmooth muscle recently.5,41)
Yamakageetal33)reportedthatthiopentalinhibittheinfluxofCa2+ through
voltage-dependentCa2+ channels in porcine trachealamooth muscle cells.
Although a smooth muscle relaxant effect of thiopentalhas also been
observedinisolatedtrachealsmoothmuscle,11,20,31,38)theeffectofthiopentalon
uterinesmooth muscleisunknown.In thisstudy,astheconcentration of
thiopentalwasincreasedduringspontaneouscontration,restingtension,active
tension and frequency of contraction were reduced in a
concentration-dependentmanner.When thiopentalisgiven intravenously to
themother(4-5㎎/㎏),thereisnosignificantclinicaleffectontheoutcome
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ofthenewbornandmother.Whenthiopental4.53(SD 0.65)㎎/㎏ wasgiven
intravenouslytoinducesleep,thematernalvenousplasmalevelwas4.67㎎/L,34)
whichis2.62×10-5M.Thisplasmaconcentrationiscomparableto5.24×
10-6 M invitro,because80% ofthiopentalgivenintravenouslyisboundto
plasmaprotein.Thisconcentration had mild relaxanteffecton theuterine
contraction in this study.The degradation ofthiopentalinvolves hepatic
oxidation into inactive water-soluble metabolites.Therefore,thiopentalin
concentration thatiscommonly used clinically would notdecreaseuterine
contraction.
Ketamine is a phencyclidine derivative.Itconsists oftwo stereoisomers:
S-ketamine and R-ketamine.The S-(+)-isomer is more potent and is
associatedwithfewersideeffects.S-ketamineisnow availableforclinical
use.Ketamineismorelipidsoluble(5to10times)andlessproteinbound(6
times)than thiopental.35) The drug is metabolized by hepatic microsomal
enzymes,andsomeofthemetabolites(norketamine)haveanestheticactions.36)
Ketaminehasbeenusedinobstetricpatientsbecauseofitsrapidinductionof
anesthesia with profound analgesia.16) It does not usually depress the
cardiovascular and respiratory system.17) Ketamine elicits an increase in
maternalblood flow and heart rate,due to centralstimulation of the
sympathetic nervous system.12) Therefore,itis contraindicated in obstetric
patientswhohavehypertension.Thismakesitespeciallysuitableforpatients
withasthmaorhypotension,suchasincesareansectionwithmajorblood
loss before surgery (e.g.placentalabruption).Ketamine is also a potent
bronchodilator.18,19)Itinhibitssmoothmusclecontractionoftheairway.This
bronchodilating effectofketamine may be achieved directly by relaxing
smooth muscle cells of the airway and indirectly by blocking airway
reflexes.37) For example,ketamine has been shown both to inhibit the
excitability of the vagus nerve and to relax airway smooth muscle.37)
Ketaminemaybesuitableforpatientswithasthma.Ithasbeenreportedthat
keamine may be related to increase both uterine tone as wellas the
frequencyofuterinecontractions.3,4)Theseresultsagreedwithmyresultsof
low concentrations(10-7to10-5M).Thestimulationeffectofketamineonthe
uterinecontractionisunknown.But,asketamineincreasescatecholaminesby
stimulating sympathetic nervous system,12) uterine contraction may be
mediatedbythestimulationofalpha-receptor.However,Kim3)alsoreported
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that"ketamineexertedastimulatoryactionontheuterusundertheinfluence
ofpregesterone.This progesterone-dependentuterine stimulatory action of
ketamine notconcerned with agrenergic and cholinergic mechanisms but
appearstobeadirectactionontheuterinemuscle."Itwasalsoreportedthat
ketamine inhibits the uterine contration in a concentration-dependent
manner.5,6)Theseresultsagreedwithmy resultsofhighconcentrations(10-4
to10-3 M).Thedirectrelaxanteffectofketaminecouldberelatedtothe
blockade of calcium translocation processes (intracellular Ca2+ influx).5,6)
Yamakageetal33)reportedthatketamineinhibitstheinfluxofCa2+ through
voltage-dependentCa2+channelsinporcinetrachealsmoothmusclecells. In
thisstudy,Ketamineshoweddualeffects(contractioninlow concentrations
and relaxation in high concentrations)in theratuterinemuscle.Placental
transferofketamineis rapid because itis lipid solubleand less protein
bound.But,at high doses,low Apgar scores and neonatal muscular
hypertonicityhavebeendescribed.38)Littleetal39)alsoreportedthatnewborn
infantisnotundulydepressedifthedoseiskeptbelow aprimingdoseof
1.5mg/kgandtheplasmaconcentrationofketamineis4.2x10-6 to6.7x
10-6 M following single injection ofketamine (2.2 mg/kg).Twelve % of
ketaminegiven intravenously isbound to plasmaprotein.So,thisplasma
concentrationiscomparableto3.7x10-6to5.9x10-6M ketamineinvitro.
Plasmaconcentration atthislevelincreasedtheuterinecontraction in this
study.Galloon40) reported thatthe intravenous injection ofketamine (2.2
mg/kg)producesasignificantincreaseinuterinetonusandactivity,withthe
intensityofthecontractionsincreasingmorethanthefrequency.Therefore,
ketamine in concentration thatis commonly used clinically stimulates the
uterinecontraction.39)
Etomidateisanimidazolederivativethatiswidelyusedasananesthetic
induction agentforhemodynamically unstablepatientsbecauseitproduces
few cardiopulmonarysideeffectsandhasaverystableprofile21,22).However,
itis associated with severaldisturbing sideeffects,41-44) such as pain on
injection,postoperative nausea and vomiting,electroencephalic activation,
adrenalsuppression,and myoclonus.Etomidate is notcommonly used in
obstetricanesthesia,becauseitcausesadrenocorticalsuppression41,42) which
hasalsobeenshowntooccurintheneonateafterelectivecesareansection.45)
But,etomidateisagood IV induction drug in theobstetricpatientswith
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unstable cardiac disease.Hypotension during anesthetic induction with IV
hypnotics is often attributed,atleastin part,to myocardialdeppression.
During clinicaluse,etomidateisbelieved to befreeofnegativeinotropic
actionsonthemyocardium.46)Brusseletal.47)showedthatthehemodynamic
effectsofastandardinductiondoseofetomidate,0.3mg/kg,werenegligible.
Theonsetofanesthesiaafteraroutineinductiondoseof0.3mg/kgetomidate
israpidandequivalenttothatobtainedwithaninductiondoseofthiopental.23)
Theplasmalevelofetomidateis300to500ng/ml,whichistheconcentration
necessaryforhypnosis.48)Etomidatecausedrelaxationofthetrachealsmooth
muscleinrat,24)theporcinecoronaryartery,49)andratthoracicaorta.50)This
effectismediatedviainhibitionofthecalcium influxthroughthevoltage-
operatedcalcium channel.24,49) In addition,itisrelatedwith cyclooxygenase
inhibitionandguanylatecyclaseactivation.50)But,theeffectofetomidateon
uterinesmoothmuscleisunknown.Inthisstudy,astheconcenterationof
etomidate was increased during spontaneous contraction, resting tension,
active tension, and frequency of contraction were reduced in a
concentration-dependent manner. When the standard induction dose of
etomidate(0.3mg/kg)isgiven intravenously toinducesleep, theplasma
levelofetomidateis300to500ng/ml,48)whichis1.2×10-6to2.0×10-6M.
Etomidateismetabolizedintheliverprimarilybyesterhydrolysisand75%
ofetomidate given intravenously is bound to plasma protein.51) So,the
etomidateconcentration of1.2× 10-6 to 2.0× 10-6 M in vivo would be
comparable to 3.0 × 10-7 to 5.0 × 10-7 M etomidate in vitro.Plasma
concentrationatthislevelaffectedslightlyuterinecontraction(lessthan5%
relaxation) in this study.Therefore,etomidate in concentration that is
commonlyusedclinicallywouldslightlydecreaseuterinecontraction.
Inconclusion,propofol,thiopental,andetomidateatconcentrationsranging
from 10-7 to 10-3 M reduces the contraction ofuterine smooth muscle
obtainedfrom non-pregnantratsin aconcentration-dependentmanner.But
ketamine at concentrations ranging from 10-7 to 10-5 M increased the
spontaneousuterinecontractionbutketamineatconcentrationsof10-4to10-3
M reduced the contraction of uterine smooth muscle.Propofolhad the
greatestrelaxanteffectsand ketaminehadtheleasteffecton isolated rat
uterine smooth muscle among these hypnotics.Propofol,thiopental,and
etomidatehavenosignificanteffectonuterinesmoothmusclecontractionin
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dosethatiscommonly used clinically.Extrapolation ofourresultstothe
clinicalsituation mustbeviewed with caution becauseofpossiblespecies
differences,invivo/vitrodifferences.NonethelessIsuggestthatketaminemay
be a suitable obstetric hypnotic agent for hypovolemic parturients (eg.
placentaprevia)and propofolmay beausefulhypnoticagentforuterine
relaxationduringpregnancy.6 Furtherstudyonthepregnantratsremains.
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