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Obstetric analgesia and anesthesia should provide optimal pain relief for
the parturient with minimal risks. The local anesthetic agents are most com-
monly used for obstetric analgesia and anesthesia.

We investigated the effect of local anesthetic agents: prilocaine, bupiva-
caine, ultracaine on myometrium in pregnant rats. In our study, we evaluated
the effects of three local anesthetics at cumulative concentrations on contrac-
tions of myometrium isolated from pregnant rats. The following characteris-
tics of the contractions were analyzed after the addition of drugs: frequency,
mean duration, amplitude of each contractions and integrated area under the
contraction curve.

We observed that the exposure to prilocaine, bupivacaine and ultracaine
decreased amplitude, duration and integrated area under the contraction curve.

In conclusion, the study drugs at higher concentrations decreased con-
tractions of myometrium, but all drugs at higher concentrations elevated the
frequency.
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INTRODUCTION

Regional anesthesia and analgesia have come
into widespread use for women in gynecological
procedures. The effects of local anesthetic agents
on uterine contractions and umbilical blood flow
are very important. The unexpected relaxation or
contraction of myometrium can be harmful to fetus
[7, 40].

The local anesthetic agents have been used in
obstetric anesthesia and analgesia. Bupivacaine is
the most commonly used local anesthetic agent.
Prilocaine is less frequently used in obstetric pa-
tients than bupivacaine. The major advantage of
bupivacaine appears to be in the area of epidural
obstetric analgesia for labour [3, 7, 40]. Ultracaine
is well-tolerated, safe and effective local anesthetic
for use in clinical dentistry [10, 13, 14]. However,
this agent is not used for obstetric analgesia yet.

In our study, the effects of three local anesthet-
ics: prilocaine, bupivacaine, ultracaine on contrac-
tility of pregnant rat myometrium were studied and
compared in vitro.

MATERIALS and METHODS

The albino rats pregnant for 18–21 days (n = 30)
were taken care of in compliance with the guide-
lines of the Animal Care Center. Animals were
killed by cervical subluxation. The uterine horns
were rapidly excised and carefully cleaned of sur-
rounding connective tissue and opened longitudi-
nally along the mesenteric border. Fetuses of the
late-stage pregnant rats were removed and non-
uterine tissues were dissected away and discarded.
We obtained a full-thickness myometrial muscle
strip (measuring 4 × 10 mm) from each animal.
Longitudinal strips were incubated and mounted
vertically in 10 ml organ bath containing modified
Krebs solution (composition in millimoles per liter:
NaCl 125, KCl 2.4, CaCl 1.8, MgCl 0.5, NaHCO!

23.9 and glucose 11). The tissue baths were aerated
continuously with 95% oxygen and 5% carbon di-
oxide at 37°C. The myometrial strips were allowed
to equilibrate at 1 g tension for 30 min before the
addition of experimental drugs. The myometrial
isometric contractions were recorded with a Grass
F TO3 force displacement transducer and regis-
tered on a Grass 79 E polygraph (Grass F TO3,
79 E, USA). The recorder paper speed was set at
5 mm/min.

When the contractions became regular, strips
were exposed to increased concentrations of proilo-
caine (Citanest), bupivacaine (Marcaine) and ultra-
caine (Carticaine-Articaine) at cumulative concen-
trations to investigate their effect on spontaneous
contractions of myometrium isolated from preg-
nant rats.

Prilocaine (10"# – 10"! M), bupivacaine (10"$ –
10"# M) and ultracaine (10"# – 10"! M) were used
in the study. Drug-containing solutions were pre-
pared immediately before the experiment.

The characteristics of the contractions analyzed
over 1000 s intervals immediately before and after
the addition of drugs included frequency (number
per 1000 s), mean duration and amplitude of each
contraction and integrated area under the contrac-
tion curve (representing contractile force over 1000 s)
measured with a digitized plotter. Data were pre-
sented as means ± SE and were analyzed by analy-
sis of variance with p < 0.05 considered statistically
significant.

RESULTS

The effects of prilocaine, bupivacaine and ultra-
caine on contractile activity of myometrial strips
isolated from pregnant rats were evaluated. We in-
vestigated the effects of increasing concentrations
of the drugs on spontaneous contractions of myo-
metrium.

Prilocaine effects

A representative recording of a strip treated
with prilocaine is shown Figure 1. The effects of all
concentrations of prilocaine on contraction, fre-
quency and duration are shown in Figure 2. The ex-
posure to prilocaine at cumulative concentrations
between 10"# and 10"! M decreased contractile ac-
tivity of myometrial strips. The drug exerted the
greatest effect on the amplitude and integrated area
under the contraction curve and there was statisti-
cally significant difference between the control and
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the data obtained with three concentrations of pri-
locaine (10"# – 10"! M). The duration of contrac-
tions decreased only at 10"! M concentration of pri-
locaine and the difference was statistically signifi-
cant. Despite the lack of the effect of prilocaine at
a concentration of 10"# M on contraction frequen-
cy, it dramatically increased at 10"! M (Fig. 2).

Bupivacaine effects

The exposure of myometrial strips isolated
from pregnant rat to bupivacaine at cumulative
concentrations of 10"$ – 10"# M decreased the con-
tractile activity (Fig. 3), with significant effect on
the amplitude and integrated area under the con-
traction curve (Fig. 4). These changes were statisti-
cally significant. The duration of contractions
decreased with increasing concentrations of bupi-
vacaine, reaching statistical significance at a con-
centration of 10"# M. Bupivacaine had no effect on
frequency, but 3 × 10"# M concentration of this
drug produced an increase in the contraction fre-
quency (Fig. 4).

Ultracaine effects

Ultracaine at cumulative concentrations of 10"#

– 10"! M decreased contractile activity of myome-
trial strips isolated from pregnant rat (Fig. 5) with
significant effects on their amplitude, duration and
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integrated area under the contraction curve (Fig. 6).
Higher concentration of ultracaine (10"! M) pro-
duced significant reduction in these parameters.
Ultracaine produced an increase in the frequency of
contractions at its three concentrations (Fig. 6).

DISCUSSION

Pain control is a major component of patient’s
comfort and safety. The goal of obstetric analgesia
is to provide optimal pain relief for the parturient
with minimal risks to herself and fetus. Local anes-
thetics are the most effective agents for reducing
pain during labor and postoperative period. This
study measured the effects of three local anesthe-
tics on contractility of the isolated pregnant rat
myometrial strips.

Ultracaine, a relatively new agent, is being used
increasingly for dental procedures and peripheral-
central nerve blocks [9, 22, 29–31, 35]. However,
this local anesthetic agent is most commonly used
for dental procedures, but it is not applied in obstet-
ric patients. Some authors report on the toxicity of
articaine (ultracaine) that was examined in in vitro
and in vivo experiments. These mutagenicity studies
have shown no mutagenic potential [10]. The car-
diodepressant effects of articaine were compared
with those of lidocaine and bupivacaine. Articaine
and lidocaine were less potent than bupivacaine
[18]. We have investigated the effect of ultracaine
on the contraction of myometrial strips isolated
from pregnant rats. Ultracaine contractions of 10"#

– 10"! M decreased contractile activity in myome-
trial strips. Recent studies suggested that this agent
was well-tolerated, safe and effective local anes-
thetic and had no mutagenic potential [10, 13, 14].
However, its effects on uterine blood flow and con-
tractions were not reported. Ultracaine has been in-
troduced into clinical practice recently and is un-
dergoing clinical trials.

Prilocaine is the least toxic of the amino-amide
local anesthetics. It is useful for infiltration, periph-
eral nerve blockade and epidural anesthesia. Met-
hemoglobinemia may occur after the use of large
doses of prilocaine. This unusual side effect has es-
sentially eliminated the use of this drug in obstet-
rics although prilocaine has not been reported to
cause any significant adverse effects in mother, fe-
tus or newborn [3]. In this study, we examinated
the effect of prilocaine on contractions of the iso-
lated pregnant rat myometrium. Prilocaine at cu-

mulative concentrations from 3 × 10"# to 10"! M

decreased contractile activity of myometrial strips.

The duration of contractions was decreased by 10"! M

concentration of prilocaine, reaching statistical sig-

nificance at a concentration of 10"! M. Despite the

lack of effect of prilocaine at 10"# M on contraction

frequency, it increased at 10"! M.
Willdeck-Lund and Nilsson attempted to evalu-

ate the effects of prilocaine, bupivacaine, lidocaine

and etidocaine on nonpregnant human uterus activity

in vitro. Similarly to our results, the authors demon-

strated that lidocaine and etidocaine had a signifi-

cantly greater inhibitory effect on myometrial con-

tractions than prilocaine and bupivacaine [39]. In

our study, frequency of myometrial contractions

was increased by prilocaine at 10"! M concentration.

Similarly, Lograno et al. reported that prilocaine

caused an increase of frequency of the contractions

in rat urinary bladder [12]. Studies of other authors

gave similar results demonstrating that prilocaine

had concentration-dependent inhibitory effects on

vascular and other smooth muscle [12, 34, 36, 37].
Bupivacaine is used for various regional anes-

thetic and analgesic procedures [1, 2, 5, 8, 16]. This

agent is local anesthetic the most commonly used

in obstetric practice for anesthesia and analgesia.

Bupivacaine was shown to be effective in reducing

pain during labor [3, 4, 7, 11, 40]. In vivo clinical

studies suggested that bupivacaine had no effect on

uterus contractility [4, 15, 20, 25]. However, in vi-
tro effects of bupivacaine on uterine contractions

are not well documented. In this study, we investi-

gated the effects of bupivacaine on contractions of

uterine smooth muscle strips from pregnant myo-

metrium. Bupivacaine at cumulative concentrations

(10"$ – 10"# M) decreased spontaneous contractile

activity of myometrial strips. Frequency and dura-

tion of contractions were changed by 3 × 10"# M

concentration of bupivacaine reaching statistical

significance at a concentration of 10"# M. Silva de

Sa et al. assessed the direct effects of bupivacaine

on the umbilical artery. In that study, bupivacaine

increased the frequency of phasic contractions [28].

There were some studies which examined the di-

rect vascular effects of local anesthetics. Various

local anesthetic agents (such as bupivacaine, ropi-

vacaine and lidocaine) have been shown to cause

relaxation of the isolated arterial smooth muscle

[19, 32].
Bupivacaine is frequently used for epidural an-

esthesia in women undergoing labor. Some clinical
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studies investigated the influence of epidural block
with bupivacaine on uterine activity and the fre-
quency and intensity of contractions [4, 6, 11, 15,
20, 23–25, 33, 38]. Uterine activity was found to
decrease following epidural block [11, 23, 24, 38].
Similarly to those results, our study demonstrated
that exposure to bupivacaine decreased contractile
activity in myometrial strips. However, bupiva-
caine had no effect on frequency of contractions.
Contrary to the findings of the abovementioned
authors, the frequency of uterine contractions be-
fore and after epidural block was similar [20, 25].
Guidozzi et al. showed that continuous low-dose
epidural analgesia had no significant effect on uter-
ine work during the labor [4]. Thorn et al. showed
that epidural bupivacaine significantly changed the
gastroduodenal motility [33].

Many studies demonstrated that bupivacaine
decreased contractile activity of muscles [17, 21,
26, 27]. The effects of bupivacaine on myocardial
contraction were examined in isolated dog papil-
lary muscle. The authors reported that bupivacaine
produced dose-dependent depression of contraction
[26, 27]. The effect of bupivacaine on bladder smooth
muscle has also been studied. Those results showed
that bupivacaine had inhibitory effects on contrac-
tion of bladder smooth muscle [17, 21]. Wali sug-
gested that local anesthetic drugs might have an
anti-spasmic effect on tracheal smooth muscle and
inhibited the contractions [37].

In conclusion, three local anesthetic agents,
ultracaine, prilocaine and bupivacaine were tested
with regard to their influence on the contraction
amplitude and frequency of contractions of preg-
nant rat myometrium in vitro. All drugs had an in-
hibitory effect on contractions. Local anesthetics
may help to reduce myometrial contractile activity
clinically but further studies are required to verify
this possibility both in experimental animals and in
pregnant women.

REFERENCES

1. Allen G.C., Amand M.A., Lui A.C.P., Johnson D.H.,
Linsday M.P.: Postarthroscopy analgesia with intraar-
ticular bupivacaine/morphine: a randomized clinical
trial. Anesthesiology, 1993, 79, 475–80.

2. Connelly N.R., Parker R.K., Lucas T., Komanduri V.,
Nayak P., Gutta S., Gibson C., Dunn S.M.: The influ-
ence of bupivacaine and fentanyl epidural infusion af-
ter epidural fentanyl in patients allowed to ambulate in
early labor. Anesth. Analg., 2001, 93, 1001–1005.

3. Covino B.G.: Local anesthetics. Postoperative Pain
Management. Eds. Ferrante F.M., Vade Boncover T.R.,
Churchill Livingstone, New York, 1993, 211–248.

4. Guidozzi F., Graham K.M., Buchmann E.J., Christo-
phers G.J.: The effect of continuous low-dose epidural
analgesia on uterine work during the active phase of the
first stage of labor. S. Afr. Med. J., 1992, 81, 361–362.

5. Halonen P.M., Paatero H., Hovarka J., Haasio J., Kort-
tila K.: Comparison of two fentanyl doses to improve
epidural anaesthesia with 0.5% bupivacaine for cae-
sarean section. Acta Anaesthesiol. Scand., 1993, 37,
774–779.

6. Helbo-Hausen H.S., Bang U., Lindholm P., Klitgaard
N.A.: Maternal effects of adding epidural fentanyl to
0.5% bupivacaine for caesarean section. Int. J. Obstet.
Anesth., 1993, 2, 21–26.

7. Holdcroft A., Thomas T.A.: Regional anaesthetic tech-
niques. In: Principles and Practice of Obstetric Anaes-
thesia and Analgesia. Blackwell Science Ltd., Lon-
don, 2000, 266–268.

8. Jebeles J.A., Reilly J.S., Gutierrez J.F., Bradley E.L.,
Kissin I.: Tonsillectomy and adenoidectomy pain re-
duction by local bupivacaine infiltration in children.
Int. J. Ped. Otorhinolaryngol., 1993, 25, 149–154.

9. Kozlov S.P., Svetlov V.A., Lukianov M.V.: Pharma-
cology of local anesthetics and clinical aspects of seg-
mental blockade. II. Spinal anesthesia. Anesteziol.
Reanimatol., 1998, 5, 37–42.

10. Leuschner J., Leblanc D.: Studies on the toxicological
profile of the local anaesthetic articaine. Arzneim.
Forsch.-Drug. Res., 1999, 49, 126–132.

11. Littlewood D.G., Scott D.B., Wilson J., Covino B.G.:
Comparative anaesthetic properties of various local
anaesthetic agents in extradural block for labour. Brit.
J. Anaesth., 1977, 49, 75–79.

12. Lograno M.D., Siro-Brigiani G., Cortese I.: Effects of
lidocaine, mepivacaine and prilocaine on the detrusor
muscle of the rat urinary bladder. Boll. Soc. Ital. Biol.
Sper., 1979, 55, 682–688.

13. Malamed S.F., Gagnon S., Leblanc D.: Efficacy of ar-
ticaine: a new amide local anesthetic. J. Amer. Dent.
Assoc., 2001, 131, 635–642.

14. Malamed S.F., Gagnon S., Leblanc D.: Articaine hy-
drochloride: a study of the safety of a new amide local
anesthetic. J. Amer. Dent. Assoc., 2001, 132, 177–185.

15. Marpeau L., Jault T., Gauchet F., Barrat T., Milliez J.:
The effect of peridural analgesia on uterine contractions.
J. Gynecol. Obstet. Biol. Reprod., 1993, 22, 539–542.

16. Matsola P., Livanios S., Marinopoulou E.: Intercostal
nerve block with bupivacaine for post-thoracotomy
pain relief in children. Eur. J. Pediatr. Surg., 2001, 11,
219–222.

17. Mc Innerney P.D., Grant A., Chawla J., Stephenson
T.P.: The effect of intravesical marcaine instillation on
hyperreflexic detrusor contractions. Paraplegia, 1992,
30, 127–130.

18. Moller R.A., Covino B.G.: Cardiac electrophysiologic
effects of articaine compared with bupivacaine and
lidocaine. Anesth. Analg., 1993, 76, 1266–1273.

%��& ' !()*(( 55

+��+��� ,� -,��- �&+��.+�%�� ,& /�+0&�&� ��+�%&+ ����-+�



19. Nakamura T., Toda H., Kakuyama M., Nishiwada M.,
Yamamoto M., Hatano Y., Mori K.: Direct vascular ef-
fect of ropivacaine in femoral artery and vein of the
dog. Acta Anaesthesiol. Scand., 1993, 37, 269–273.

20. Nielsen P.E., Abovleish E., Meyer B.A., Parisi V.M.:
Effect of epidural analgesia on fundal dominance
during spontaneous active-phase nulliparous labor.
Anesthesiology, 1996, 84, 540–544.

21. Oh S.J., Kim S.J., Park E.C., Chung H.K., Kim K.W.,
Choi H.: Effects of local anesthetics on the contractil-
ity of rat bladders. J. Urol., 2001, 165, 2044–2050.

22. Pitkanen M.T., Xu M., Haasio J., Rosenberg P.H.:
Comparison of 0.5% articaine and 0.5% prilocaine in
intravenous regional anesthesia of the arm: a cross-over
study in volunteers. Reg. Anesth., 1999, 24, 131–135.

23. Raabe N., Belfrage P.: Epidural analgesia in labour.
IV. Influence on uterine activity and fetal heart rate.
Acta Obstet. Gynecol. Scand., 1976, 55, 305–310.

24. Schellenberg J.C.: Uterine activity during lumbatr epi-
dural analgesia with bupivacaine. Amer J. Obstet. Gy-
necol., 1977, 127, 26–31.

25. Scull T.J., Hemmings G.T., Carli F., Weeks S.K.,
Mazza L., Zingg H.H.: Epidural analgesia in early la-
bour blocks the stress response but uterine contrac-
tions remain unchanged. Can. J. Anaesth., 1998, 45,
626–630.

26. Shibuya N., Hataheyama N., Yamazaki M., Masudo A.,
Ito Y., Momose Y.: Inhibitory action of bupivacaine
on cardiac contraction. Masui, 1993, 42, 1306–1312.

27. Shibuya N., Momose Y., Ito Y.: Effects of bupivacaine
on contraction and membrane potential in isolated
canine papillary muscles. Pharmacology, 1993, 47,
158–166.

28. Silva de Sa M.F., Meirelles R.S., Franco J.G., Rodri-
gues R.: Constriction of human umbilical artery in-
duced by local anesthetics. Gynecol. Obstet. Invest.,
1981, 12, 123–131.

29. Simon M.A., Gielen M.J., Alberink N., Vree T.B., Van
Egmond J.: Intravenous regional anesthesia with 0.5%
articaine or 0.5% prilocaine. A double blind random-
ised clinical study. Reg. Anesth., 1997, 22, 29–34.

30. Simon M.A., Vree T.B., Gielen M.J., Booij L.H., La-
gerwerf A.J.: Similar motor block effects with diffe-
rent disposition kinetics between lidocaine and arti-
caine in patients undergoing axillary bracchial plexus

block during day case surgery. Int. J. Clin. Pharmacol.
Ther., 1999, 37, 598–607.

31. Svetlov V.A., Kozlov S.P.: Pharmacology of local an-
esthetics and clinical aspects of segmental blockade.
I. Epidural anesthesia. Anesteziol. Reanimatol., 1997,
5, 52–55.

32. Szocik J.F., Gardner C.A., Webb R.C.: Inhibitory ef-
fects of bupivacaine and lidocaine on adrenergic neu-
roeffector junctions in rat tail artery. Anesthesiology,
1993, 78, 911–917.

33. Thorn S.E., Wattwill M., Kallander A.: Effects of epi-
dural morphine and epidural bupivacaine on gastro-
duodenal motility during the fasted state and after food
intake. Acta Anaesthesiol. Scand., 1994, 38, 57–62.

34. Tuvemo T., Willdeck-Lund G.: Smooth muscle effects
of lidocaine, prilocaine, bupivacaine and etidocaine
on the human umbilical artery. Acta Anaesthesiol.
Scand., 1982, 26, 104–107.

35. Vree T.B., Van Oss G.E., Gielen M.J., Booij L.H.:
Epidural metabolism of articaine to its metabolite arti-
cainic acid in five patients after epidural administra-
tion of 600 mg articaine. J. Pharm. Pharmacol., 1997,
49, 158–163.

36. Wali F.A.: Effects of local anaesthetics on responses
of human saphenous vein and bovine coronary artery
to neurotransmitters, acetylcholine, noradrenaline and
5-hydroxytryptamine. Gen. Pharmacol., 1986, 17,
405–411.

37. Wali F.A.: Local anaesthetics inhibit cholinergic and
non-cholinergic neural and muscular contractions in
avian tracheal smooth muscle. Acta Anaesthesiol.
Scand., 1987, 31, 148–153.

38. Willdeck-Lund G., Lindmark G., Nilsson B.A.: Effect
of segmental epidural analgesia upon the uterine ac-
tivity with special reference to the use of different lo-
cal anaesthetic agents. Acta Anaesthesiol. Scand.,
1979, 23, 519–528.

39. Willdeck-Lund G., Nilsson B.A.: The effect of local
anaesthetic agents on contractility of human myomet-
rium in late pregnancy. An in vitro study. Acta Anaes-
thesiol. Scand., 1979, 23, 78–88.

40. Yentis S.M., Brighouse D., May A., Bogod D., Elton
C.: Local anaesthetics. In: Analgesia, Anaesthesia and
Pregnancy. W.B. Saunders, Madrid, Spain, 2001, 47–49.

Received: April 24, 2002; in revised form: July 30, 2002.

56 ���� �� ����������� ����� ��� �����

B. Karsli, N. Kayacan, Z. Kucukyavuz, C. Mimaroglu


