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배경 배경 배경 배경 

 국소마취제는 산과영역에서 부위마취를 위해 사용된다. 이러한 국소마취제는 자

궁평활근 뿐만 아니라 다른 평활근에도 여러 가지 효과를 갖고 있다. 이에 저자

는 lidocaine, bupivacaine, ropivacaine이 흰 쥐에서 추출된 자궁근에 미치는 

효과를 관찰하였고 비교하였다.

대상 대상 대상 대상 및 및 및 및 방법방법방법방법

    준비된 자궁근은 비임신 암쥐로부터 추출되었다. 쥐의 자궁근은 10 mm의 절편

으로 절단하여 Krebs용액에 담았다. Krebs용액은 NaCl118.3,KCl4.7,CaCl2
2.5,NaHCO325,KH2PO41.2,MgCl21.2그리고 glucose11.1(mM)로 구성되어
있다.수조내의 용액은 37°C로 유지시켰고,95% O2와 5% CO2의 혼합가스가 공
급되었다.자발적인 자궁수축이 이루어진 후, 다양한 농도(10

-7
∼10

-3 
M)의 

lidocaine (n = 20), bupivacaine (n = 20), ropivacaine (n = 20)을 수조에 누

적 첨가하였고, 자궁이완효과를 지속적으로 기록하였다. 자궁근의 수축장력에 대

한 각 약물의 EC5,EC25,EC50,EC75는 probitmodel을 사용하여 계산되었다.

결과결과결과결과

 Lidocaine, bupivacaine, ropivacaine은 농도 증가에 따라 자궁수축의 억제를 

증가시켰다. 자궁근의 수축 빈도에서는 lidocaine은 저농도(10-7∼10-5 M)에서 

수축 횟수가 감소했으나 고농도(10
-4

∼10
-3 

M)에서는 수축횟수가 증가하였다. 

Bupivacaine과 ropivacaine은 고농도(10
-4

∼10
-3 

M)에서 수축횟수가 감소하였

다.
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Lidocaine,bupivacaine,ropivacaine의 수축장력에 대한 EC50은 각각 8.56x10-3
M,9.03x10-4M,6.10x10-3M 이었다. 자궁 평활근에 대한 국소마취제의 이

완효과는 bupivacaine >ropivacaine>lidocaine의 순이었다.

결결결론론론
Lidocaine,bupivacaine,ropivacaine은 농도가 증가함에 따라 자궁수축의 억제를
증가시켰다.Bupivacaine이 이들 국소마취제 중에서 자궁근 이완효과가 가장 컸

다. Lidocaine은 저농도(10-7∼10-5 M)에서 수축 횟수를 감소시켰으나, 고농도

(10
-4

∼10
-3 

M)에서는 모두가 수축횟수를 증가시켰다.
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IIInnntttrrroooddduuuccctttiiiooonnn

Localanesthetics(lidocaine,bupivacaine,andropivacaine)arefrequentlyused
forregionalanesthesia in pregnancy,laborand delivery.Therefore,local
anestheticsusing in obstetricpracticehavetherapid onsetand favorable
toxicity profile.Itwas reported thatsome localanesthetics change the
contractilityofuterinesmoothmuscleduringregionalanesthesia.1)
Lidocaine,thefirstamino-amidetypelocalanesthetic,isthemostcommonly
used localanesthetic drug for regionalanesthesia in obstetric practice.
Neonates are able to metabolize lidocaine,2) and the use oflidocaine is
regardedassafeforcesareansectioninnormal-term pregnancy.3)Bupivacaine
isalongeractingamidetypelocalanestheticincontrasttolidocaine.Itis
alsowidelyusedforregionalanesthesiaandanalgesiainobstetricprocedure.
Passive diffusion is probably the mechanism of placental transfer of
bupivacaine.Marishima et al.4) reported that a considerable amount of
bupivacaineistakenupby bothsidesoftheplacenta,aswellasby the
amnion and myometrium.Ropivacaine is a long-acting,amino-amide type
localanestheticsimilartobupivacaine,butithaslesscardiotoxicpotential
than bupivacaine.5,6) Ropivacaine may gain ascendancy over bupivacaine
becauseofitsgreatersafetyprofileanditslowerpropensityformotorblock.
Lumbarepiduraladministration of20∼ 30 mlropivacaine0.5% provided
anesthesiaofasimilarquality tothatachieved with bupivacaine0.5% in
womenundergoing cesareansection,butthedurationofmotorblockadeis
shorterwithropivacaine.7)
Itwasreportedthatlidocainereducestheexcitabilityofuterinemusclein
theratmyocyte.8)Bupivacainehasrelaxanteffectson myocardial,tracheal,
andbladdersmoothmuscle.5,9)Someinvestigatorsreportedthatbupivacaine
unchangedtheuterinecontraction.10-13)Othersreportedthatbupivacainehad
relaxant effects on uterine contraction.11,14) Ropivacaine also causes a
dose-dependentinhibitionofuterinecontraction.6)
Itwasalsoreported thatthefrequency ofuterinecontraction changed in
variablepattern.1)Lidocaineproducedaslightdecreaseinthefrequency of
myometrialcontractions atthe lower concentration,whereas itproduced
variableresponsesatthehigherconcentration.1)Bupivacainedidnotaffectthe
frequencyofmyometrialcontractionbutelevatedthefrequencyofcontraction
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in high concentration.6,15) Ropivacainealso did notaffectthefrequency of
myometrialcontraction.6)
Therehasbeenstillcontroversyabouttheeffectsoflocalanestheticsonthe
uterinecontraction.Theaim ofthepresentstudy wastoinvestigateand
compare the effects oflidocaine,bupivacaine,and ropivacaine on active
tension and frequency ofcontraction in the isolated ratuterine smooth
muscle.
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MMMaaattteeerrriiiaaalllsssaaannndddMMMeeettthhhooodddsss

Thestudy wasapproved by theMedicalCollegeAnimalCareand Use
Committee.Asexperimentalanimals,Sprague-Dawleyratswighing200-250g
wereused.Allratswerekilledbyinhalationofcarbondioxide.Theabdomen
wasopenedimmediatelyandtheuteruswasextracted.Themyometrialtissue
specimensweredissected into strip ofmyometrium (approximately 2 mm
wideand10mm long)inapetridishfilledwithKrebssolution;themuscle
fibersofthesestripswereorientedparalleltothelongestdimension.These
myometrialstrips were mounted in 20 mltissue baths containing Krebs
solution.Oneendofthelongestdimensionofamusclestripwasconnected
toahookthatwasfixedtothebaseofthebath.Theotherendofthestrip
wasconnectedtoanotherhookfixedtoanextensionoftheleverarm ofa
forcedisplacementtransducer(FTO3® ;GrassInstrumentsco.,MASS,USA).
Thebathsolutionwasmaintainedat37℃ bycirculatingtheheatedwaterin
thespacebetween thedoublewalls,and continuously aerated with agas
mixtureof95% oxygenand5% carbondioxide.ThepH isapproximately7.4.
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
displacement transducer and the recordings of traces were made on a
computer(PowerLab® datarecordingsystem;ADInstrumentsPtyLtd.,Castle
Hill,Australia).An initialresting tension of2.0g wasapplied.Thebath
solution was flushed with fresh solution every 15 minutes.When the
contractionsbecameregular,lidocaine(n = 20),bupivacaine(n = 20),and
ropivacaine(n=20)wasaddedcumulativelyevery15minutesbyincreasing
to10-7,10-6,10-5,10-4,and10-3M tothebathswithamicropipette,andthe
changeofthecontractionpatternwasexamined.Toexpressthequantitative
changesinmusclecontraction,Imeasuredactivetensionandfrequency of
contraction.Theactivetensionwasdefinedasthedifferencebetweenpeak
tension and resting tension during muscle contraction.The frequency of
contractionwasdefinedasthenumberofcontractionduring15minutesfor
theapplication ofeach concentration ofan agent.Theactivetension and
frequencyofcontractionmeasuredbeforeapplicationofeachdrugwereused
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ascontrols.Therelaxanteffectswerecomparedwiththecontrol,andwere
describedas% inhibition.EC5(5% ofmaximaleffectiveconcentration),EC25,
EC50,EC75andEC95onactivetensionwerecalculatedusingaprobitmodel.
Allobtainedresultsareexpressedasmean± standarddeviation,andthe
statisticalsignificancewasanalyzed by repeated measuresANOVA within
group,and oneway ANOVA with posthocbetween groups.Ifrepeated
measures ANOVA showed significance,the comparisons to controlwere
performedwiththepairedtwo-tailedstudents’sT-test.Theprobabilityvalues
werethenadjustedwithbonferronicorrection.Pvalueslessthan0.05were
consideredstatisticallysignificant.
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RRReeesssuuullltttsss

Lidocane, bupivacaine and ropivacaine decreased active tension in a
dose-dependentpattern(P<0.05)(Table1)(Fig.1-3).

Table 1. Effects of Lidocaine, Bupivacaine, and Ropivacaine on Active 

Tension in the Uterine Smooth Muscle

Data are expressed as mean ± SD. "n" indicates the number of experiments.
* : compared with control, † : compared with bupivacaine, ‡ : compared with ropivacaine

Bupivacaine and ropivacaine in doses of10-4 to 10-3 M increased the
frequencyofcontractionasadose-dependentpattern(P< 0.05).Lidocainein
dosesof10-7to10-5M reducedthefrequencyofcontraction,butlidocainein
dosesof10-4 to10-3 M increasedthefrequency ofcontraction(P < 0.05)
(Table2)(Fig.4-6).

Table 2. Effects of Lidocaine, Bupivacaine and Ropivacaine on Frequency 

of Contraction in the Uterine Smooth Muscle

Data are expressed as mean ± SD. "n" indicates the number of experiments.
* : compared with control, † : compared with bupivacaine, ‡ : compared with ropivacaine

Drug
Concentration (M)

control 10-7 10-6 10-5 10-4 10-3

Lidocaine (%)

 (n=20)
100 98.2 ± 1.5*†‡ 96.6 ± 2.2*†‡ 94.1 ± 3.0*†‡ 80.4 ± 1.6*†‡ 72.2 ± 4.8*†‡

Bupivacaine (%)

(n=20)
100 98.8 ± 1.1* 94.8 ± 1.6* 89.6 ± 4.0* 70.2 ± 1.1* 49.9 ± 1.1*

Ropivacaine (%)

(n=20)
100 99.1 ± 0.6

*†
98.0 ± 2.2

*†
95.9 ± 5.7

*†
84.7 ± 1.9

*†
77.8 ± 4.7

*†

Drug
Concentration (M)

control 10-7 10-6 10-5 10-4 10-3

Lidocaine (%) 

(n=20)
100 90.7 ± 11.0

*†‡
78.0 ± 16.9

*†‡
74.8 ± 18.1

*†‡
115.3 ± 30.9

*†‡
126.60 ± 38.9

*†‡

Bupivacaine (%) 

(n=20)
100 97.6 ± 12.7

*
97.0 ± 13.5

*
99.5 ± 15.4

*
134.2 ± 15.6

*
142.6 ± 17.3

*

Ropivacaine (%) 

(n=20)
100 97.6 ± 6.4*† 99.8 ± 10.0*† 98.7 ± 7.0*† 118.9 ± 9.1*† 126.7 ± 13.0*†
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Fig.1.Theeffectsoflidocaineonactivetensionofratuterinemyometrium.
Lidocaineinhibiteduterinecontractioninadose-dependentpattern.* :
P<0.05comparedwithcontrol.
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Fig. 2. The effects of bupivacaine on active tension of rat uterine
myometrium. Bupivacaine inhibited uterine contraction in a
dose-dependentpattern.* :P<0.05comparedwithcontrol
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Fig. 3. The effects of roivacaine on active tension of rat uterine
myometrium. Ropivacaine inhibited uterine contraction in a
dose-dependentpattern.* :P<0.05comparedwithcontrol.
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Fig.4.Theeffectsoflidocaineon frequency ofcontraction ofratuterine
myometrium.Lidocaine in doses of10-7 to 10-5 M reduced the
frequency ofcontraction but,lidocainein dosesof10-4 to 10-3 M
increasedthefrequencyofcontraction.* :P < 0.05comparedwith
control.



- 8 -

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

Control

Concentration of bupivacaine (M)

C
o
n
tr
a
c
ti
o
n
 f

re
q
u
e
n
c
y 

(%
)

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

* *

*

*

*

Fig.5.Theeffectsofbupivacaineonfrequencyofcontractionofratuterine
myometrium.Bupivacaineincreased thefrequency ofcontraction in
dosesof10-4to10-3M.* :P<0.05comparedwithcontrol.
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Fig.6.Theeffectsofropivacaineonfrequencyofcontractionofratuterine
myometrium.Ropivacaine increased the frequency ofcontraction in
dosesof10-4to10-3M.* :P<0.05comparedwithcontrol.

TheEC50'soflidocaine,bupivacaine,andropivacaineonactivetensioninthe
uterinesmoothmusclewas8.56x10-3M,9.03x10-4M,and6.10x10-3M
respectively.Theorderofrelaxantpotencywasbupivacaine> ropivacaine>
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lidocaine(Table3).Therelaxantpotency ofbupivacainewasthegreatest
(Fig.7).

Table 3. Effective Concentrations (M) of Lidocaine, Bupivacaine, and
RopivacaineonActiveTensionintheUterineSmoothMuscle

Data are expressed as mean(SD). EC : effective concentration.

Concentration-Response Curve

Concentration of Local Anesthetics (log M)
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tio
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Bupivacaine
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Fig.7.Cumulativeconcentration-responsecurvesoflocalanesthetics.The
effectsonthemyometrialcontractionarecalculatedas% inhibition
ofcontrol.Allcontractileresponseswerespontaneous.Allthreelocal
anestheticsinhibiteduterinecontractioninadose-dependentpattern.
Bupivacainehadthegreatestuterinerelaxanteffects.

EC5 EC25 EC50 EC75 EC95
Lidocaine 1.02(0.05)x10-5 4.77(0.08)x10-4 8.56(0.20)x10-3 1.74(0.06)x10-1 1.52(0.08)x10
Bupivacaine2.10(0.04)x10-6 7.23(0.05)x10-5 9.03(0.05)x10-4 1.29(0.01)x10-2 10.5(0.00)
Ropivacaine2.82(0.06)x10-5 6.51(0.11)x10-4 6.10(0.14)x10-3 5.97(0.19)x10-2 1.71(0.08)
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DDDiiissscccuuussssssiiiooonnn

Regionalanesthesia is popular in obstetric practice because itprovides
excellentanalgesia.Therisksofseriouscomplications(e.g.failedintubations,
aspiration ofgastriccontents)arelessin regionalanesthesiathan general
anesthesia. Regional anesthesia may also lead to hypotension due to
sympatheticblockade.Duringepisodesofhypotensionintheparturient,fetal
acidosismay becaused and placentaltransferoflocalanestheticscan be
altered.Therefore,particularconsiderationsoflocalanestheticsarenotonly
theinfluenceonuterinecontractionbutalsofetalsafety(placentaltransferof
components) during pregnancy and labor. The commonly used local
anestheticsforregionalanesthesiaarelidocaine,bupivacaine,andropivacaine.
Lidocainestillhasaplaceasalocalanestheticforregionalanesthesiain
obstetricpracticebecauseofitsrapid onsetand favorabletoxicity profile.
Lidocaineisaweakbase,withapKaof7.8. Theionicform oflidocaine
does not cross the placenta in significantamounts,in contrast to the
non-ionincform,whichishighlydiffusible.Theplacentaltransferoflidocaine
isincreasedbyfetalacidemia.Iontrappingoccursduringepisodesoffetal
acidosis.16) Lidocaine also has an relaxing effecton umbilicalartery at
concentratinof30㎍/mlanddoesnotinterferewiththeumbilicalcirculation
and oxygenantion of the fetus.17) The neonatal effects of epidural
administrationoflidocainearemildbecauselidocaineis56% proteinbound.
Lidocainedidnotprolongthesecondstageoflaborwhenadministratedas
continuousepiduralinfusion.18) Itwas known thatminimallocalanalgesic
concentrationofepidurallidocaineis0.37% inthefirststageoflabor.19)When
pregnantwomenreceivedperinealanalgesiawith20mlof2% lidocaine(400
mg)during theexpulsive period oflabor,themaximum maternalvenous
concentrationoflidocainewas3.22㎍/ml,20)whichisequalto1.1x10-5M.
Thisplasmaconcentrationiscomparableto4.84x10-6M invitro,because
56% oflidocainegivenintravenouslyisboundtoplasmaprotein.Inmystudy,
5x10-6M lidocainereduceduterinecontractionbyabout3% ofcontrol.It
was reported thatlidocaine may cause a significantreduction in uterine
smooth muscle tone atconcentrations much higher than those thatare
commonlyusedinclinicalpractice.18)Therefore,Ishouldtaketheeffortsto
minimizethedoseoflidocainein clinicalsituations.In my study,asthe
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concentration of lidocaine was cumulatively increased after spontaneous
uterine contractions started,active tensions of uterine contraction were
reduced in a concentration-dependent manner and the frequency of
contractionsshowedvariableresponses.Thiseffectismediatedviablocking
thefastvoltage-gatedsodium channelsintheuterinemyocyte.8)
Bupivacaine is a long acting amide-type localanesthetic.This agentis
effectiveinreducinglaborpainforregionalanesthesiaandanalgesia.10,21)It
has a pKa of8.1,and has greaterprotein binding (95%)than lidocaine.
Placentaltransferofbupivacaineappearstobeinfluencedbymaternaland
fetalplasma protein binding,fetalpH and placentaluptake.22) As with
lidocaine,placentaltransferis enhanced by fetalacidosis.Protein binding
capacityandlipidsolubilityofbupivacaineaffectthesystemicabsorptionfrom
tissue compartment. During epidural anesthesia with bupivacaine, no
abnormalitiesinfetalheartratewerenotedandnormalpH intheumbilical
cordwereobserved.19) Ithasbeendescribedthatcumulativeconcentrationof
bupivacaine inhibited the contraction amplitude of myometrial strips.15)
Bupivacaine also caused dose-dependentdepression ofcontraction in the
isolateddogpapillarymuscle,23)inbladdersmoothmuscle,24,25)andintracheal
smoothmuscle.26)Bupivacainehadagreaterinhibitoryeffectoncontractility
thanropivacaine.6)Whenterm parturientsreceived0.5% bupivacaine(30ml)
epidurallyindivideddosesovera10minutesperiodforcesareansection,the
maternalpeak plasmaconcentration ofbupivacainewas1.1±0.0㎍/ml,27)
whichisequalto3.2x10-6M.Thisplasmaconcentrationiscomparableto
1.6x10-7M invitro,because95% ofbupivacaineisboundtoplasmaprotein.
Inmystudy,2x10-7M bupivacainereduceduterinecontractionbyabout6%
of control.Motor block from the epidurallocalanesthetic may reduce
maternaleffortinthesecondstage,andmayalsopredisposetoinadequate
rotationofthefetalpresenting partsecondary torelaxationofpelvicfloor
muscles.Therefore,bupivacaine in concentratiion thatis commonly used
clinically maybedecreaseduterinecontractionandcausedprolongedlabor
but,it would not cause the fetaldistress.So,Ishould not overdose
bupivacaine in obstetrc practice. In addition the neonatal free plasma
concentration(from umbilicalvein)ofbupivacinewasalso0.041±0.002㎍/ml.
The ratio of umbilicalvein to maternalvein in free concentration of
bupivacainewas0.69. Inbystudy,astheconcentrationofbupivacainewas
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cumulatively increasedafterspontaneousuterinecontractionsstarted,active
tensions ofuterine contraction were reduced in a concentration-dependent
manner and the frequency of contractions was increased.It has been
suggested that the relaxant effects of bupivacaine may be caused by
inhibitingCa2+releaseorCa2+sequestrationonsarcoplasmicreticulum28-30)as
wellasbyblockingonsarcolemmalNa+andCa2+channels.31-34)
Ropivacaine was released forclinicaluse in 1996.Itis a long-acting,
enantiomerically pure (S-enantionmer),amide-type localanesthetic with a
highpKa35)andlow lipidsolubility.Sensorynervefibersareblockedtoa
greaterdegreethanthosethatmotornervefibers.Ropivacainehasasimilar
clinicaleffectasbupivacainewithregardtosensoryanesthesiaandslightly
lessmotorblockadethan bupivacaine.36) Ropivacainehaslesscardiotoxicity
and centralnervous system toxicity than bupivacaine.37-39) The reputed
equipotencyofropivacaineascomparedwithbupivacainehasrecentlybeen
questioned, and warrants further investigation.40-42) No local neurologic
complication has been reported with ropivacaine so far.Clinically,during
epiduralanesthesia in nonpregnanthuman,ropivacaine and bupivacaine in
equipotentdosesshowedsimilaronsettime,durationofsensoryblockade,and
overallclinicalefficacy.But,the intensity ofmotor block is less with
ropivacainecomparedtobupivacaine.43)Duringepiduralanesthesia,ropivacaine
showednoabnormalitiesinfetalheartrate,normalneonatalApgarscoresand
neurobehavior, and normal pH values in the umbilical cord blood.27)
Ropivacainehaslesserdegreeofproteinbindingcapacityandlipidsolubility
comparedtobupivacaine.27)Ithasbeendescribedthatropivacainecauseda
dose-dependentdepression ofuterinecontractility.6) When pregnantwomen
received0.5% ropivacaine(30ml)epidurallyinappropriatefractionateddoses
over10minutesforcesareansection,thematernalpeakplasmaconcentration
ofropivacainewas1.3±0.09㎍/ml,27)whichisequalto4.79x10-6M.This
plasmaconcentrationiscomparableto3.83x10-7M invitro,because92% of
ropivacaineisboundtoplasmaprotein.44)Inmy study,10-6 M ropivacaine
reduceduterinecontractionbyabout2% ofcontrol.Therefore,Ishouldtake
the caution to minimize the dose ofropivacaine in obstetrc practice.In
addition,the neonatalfree plasma concentration (from umbilicalvein)of
ropivacainewasalso0.072±0.008㎍/ml.27)Theratioofumbilicalveninto
maternal vein free concentration of ropivacaine was 0.72. Therefore,
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ropivacaineinconcentrationthatiscommonlyusedclinicallywouldnotcause
the fetaldistress.In my study,as the concentration ofropivacaine was
cumulatively increasedafterspontaneousuterinecontractionsstarted,active
tensions ofuterine contraction were reduced in a concentration-dependent
mannerand the frequency ofcontractions was increased.This effectis
mediatedviainhibitionofthesodium ioninfluxthroughthevoltage-operated
Na+channelandblockingonsarcolemmalNa+channels.45)
In colclusion,lidocaine,bupivacaine,and ropivacaine relaxed the uterine
smoothmuscleobtainedfrom non-pregnantratsinadose-dependentpattern.
Bupivacainehadthegreatestrelaxanteffectsonisolatedratuterinesmooth
muscleamongthreelocalanesthetics.Allthreelocalanestheticshavelittle
significanteffect on uterine smooth muscle contraction in clinicaldose.
Extrapolation ofourresultstotheclinicalsituation mustbeviewed with
caution because ofpossible species differences,in vivo/vitro differences.
Futherstudyonthepregnantratsremains.
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