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Abstract

Purpose. For anesthetic management of cesarean sections,
regardless of the use of regional or general anesthesia, it is
crucial to achieve sufficient uterine contraction immediately
following the delivery of an infant in order to reduce excessive
bleeding. No previous study has investigated the ability of
alprostadil, a synthesized prostaglandin, to inhibit myometrial
relaxation induced by volatile anesthetics. The aim of the
present study was to investigate the inhibitory effects of
alprostadil on sevoflurane-induced myometrial relaxation
using myometrial strips isolated from pregnant rats.
Methods. Myometrial strips were isolated from Sprague—
Dawley rats (300-400g) in the late stage of gestation (19-21
days). The time course of changes in spontaneous myome-
trium contraction was studied in the presence and absence of
sevoflurane. Additionally, alprostadil was titrated at three dif-
ferent concentrations during continuous introduction of sevo-
flurane 2%, and myometrium contraction was studied. As an
index of contraction, the area under the contraction curve was
used, and data were analyzed by repeated measure one-way
analysis of variance.

Results. We have shown a significant decrease in myome-
trium contraction as a result of the use of sevoflurane (2%).
Additionally, alprostadil has been shown to inhibit myome-
trial relaxation induced by sevoflurane in a dose-dependent
manner. The areas under the contraction curve were 87%,
87%, 129%, and 172% of the baseline value for the control
and at low, medium, and high concentrations of alprostadil,
respectively.

Conclusion. The ability of alprostadil to inhibit myometrial
relaxation induced by sevoflurane suggests that the use of
alprostadil during general anesthesia for cesarean section may
be advantageous for the reduction of postpartum bleeding.
Key words Alprostadil Sevoflurane
contraction

Myometrium

Address correspondence to: Y. Ohashi
Received: December 14, 2006 / Accepted: April 11, 2007

Introduction

For anesthetic management of cesarean section,
regardless of the use of regional or general anesthesia,
it is crucial to achieve sufficient uterine contraction
immediately after the delivery of an infant to reduce
excessive bleeding. For this purpose, oxytocin has
been routinely used [1,2]; however, it is well known that
volatile anesthetics cause myometrial relaxation and
reduce the sensitivity to oxytocin. Often, the conven-
tional use of oxytocin does not achieve sufficient uterine
contraction under the effect of volatile anesthetics.
Therefore, in the case of general anesthesia using
volatile anesthetics, two strategies have been recom-
mended. One is reducing the concentration of the vola-
tile anesthetic to the lowest possible level, and the other
is shifting the volatile anesthetic to an intravenous anes-
thetic after the delivery of the infant [1,2]. However,
these procedures have been reported to increase the
risk of intraoperative awareness in patients [3]. There-
fore, an alternative uterotonic agent to inhibit the myo-
metrial relaxation induced by volatile anesthetics is
required.

Alprostadil is a synthesized prostaglandin that induces
vascular dilation. In Japan, it is widely administered
intravenously to treat critical hypertension and to
induce deliberate hypotension during operations [4-6].
Alprostadil, like other prostaglandins, possesses a
uterotonic effect and is thought by some practitioners
to be effective in inducing uterine contractions without
increasing blood pressure during cesarean sections [5—
8]. Several clinical reports have shown a decrease in
blood loss during operations in conjunction with the use
of alprostadil [5,6]. Multiple case reports have shown
the successful use of alprostadil during cesarean sec-
tions [7,8], but none have investigated the ability of
alprostadil to inhibit myometrial relaxation induced by
volatile anesthetics. The aim of the present study was
to investigate the inhibitory effects of alprostadil on
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Tissue equilibration J No drug was administered J
Exp. 1-A
60 min 60 min
Tissue equilibration Sevoflurane 2% was administered
Exp. 1-B
60 min 60 min
Sevoflurane 2% was administered
Alprostadil was titrated
Baseline control low middle high
Tissue equilibration
Exp. 2
60 min | 30 min 15 min15 min

@ : The contractions were measured and recorded for 5 minutes

Fig. 1. Schematic protocol for the experiments

sevoflurane-induced myometrial relaxation using myo-
metrial strips isolated from pregnant rats.

Materials and methods

The protocol for this study was approved by the animal
care and use committee at St. Marianna University
School of Medicine. Two series of experiments were
carried out. The first experiment was designed to confirm
the induction of myometrial relaxation by sevoflurane
and the second investigated the ability of alprostadil
to inhibit sevoflurane-induced myometrial relaxation.
A schematic of the experimental protocol is shown in
Fig. 1.

Tissue preparations

Sprague-Dawley rats (300-400¢g) in the late stage of
gestation (19-21 days) were anesthetized via intraperi-
toneal administration of pentobarbital and the uterus
was excised. The excised uterus was bathed in a flat
container containing Krebs solution with the following
composition (mM-I"): NaCl 113, KCI 4.7, MgSO,-7H,O
0.9,KH,PO, 1.2, CaCl,-2H,0 1.4, Glucose 11.5, NaHCO;,
25. The uterus was immediately dissected in the longi-
tudinal direction from the mesometrium side and the
fetuses and placentas were carefully removed. Longitu-
dinal myometrial strips (approximately 5 x 10 mm) were
made from the uterus. From one rat, four strips were
taken and the average contraction was calculated. In
some cases, however, only three strips were available
for various technical reasons.

Measurements of myometrium contraction

The strips were positioned perpendicularly in organ
baths, and the baths were filled with Krebs solution
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bubbled with 95% oxygen and 5% carbon dioxide at
37°C. One end of each strip was connected to the bottom
of the organ bath and the other end was connected to
a strain gauge transducer (LVS-50GA, Kyowa, Tokyo,
Japan). The data from the transducer were recorded on
a computer via an interface (PCD-300A, Kyowa, Tokyo,
Japan). As an index of myometrium contraction, the
amplitude was calculated as the average for the myo-
metrium contractions in a 5-min period, while the fre-
quency was determined by the number of myometrium
contractions in a 5-min period. The area under the curve
(AUCQC) of contractions over a 5-min period was calcu-
lated using specialized software developed for analyzing
the data (PCD-30A, Kyowa, Tokyo, Japan).

The strips were allowed to equilibrate at resting
tension (10mN) for 60min. During the last Smin of
equilibration, the baseline contraction data were meas-
ured and recorded.

Effect of time and sevoflurane on spontaneous
myometrium contraction

In the first experiment, designed to study the changes
in spontaneous myometrium contraction over time, the
strips remained in the organ bath for an additional 65
minutes following equilibration without the addition of
any drug. The contractions were measured and recorded
during the last Smin (n = 8, experiment 1A).

The effect of sevoflurane on spontaneous myome-
trium contraction was studied using another eight strips.
Following equilibration of the strips, sevoflurane 2%
[approximately 1 minimum alveolar concentration
(MACQ)], was administered to the gas mix (95% oxygen
and 5% carbon dioxide) for an additional 65 minutes.
Contractions were measured during the last 5Smin
(n =8, experiment 1B).

Inhibitory effect of alprostadil on sevoflurane-induced
myometrial relaxation

To elucidate the inhibitory effect of alprostadil on
sevoflurane-induced myometrial relaxation, alprostadil
(Sigma-Aldrich, St. Louis, MO, USA) was titrated at
three different concentrations. Myometrium contrac-
tions were measured while sevoflurane was continu-
ously administered (n = 8).

After 60 min of tissue equilibration, baseline contrac-
tion values were measured and sevoflurane 2% was
administered into the gas mix (95% oxygen and 5%
carbon dioxide) and bubbled for 65min continuously.
Twenty five minutes following the addition of sevoflu-
rane, the control contraction data were measured for
5min. Alprostadil was then titrated at 1 x 10%g-ml™
(low concentration), and immediately after the addition
of alprostadil the contraction data were measured for
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Smin. After a 15-min interval, alprostadil was titrated
at 1 x 10”"g-ml™" (medium concentration), and immedi-
ately after the addition of alprostadil the contraction
data were measured for Smin. After an additional
15min interval, alprostadil was titrated at 1 x 10°g-ml™
(high concentration), and immediately after the addi-
tion of alprostadil the contraction data were again meas-
ured for Smin. A total of 65min was taken for all
measurements from the onset of sevoflurane adminis-
tration (experiment 2).

Statistics

In the first experiment, the maximum amplitude, the
frequency of contraction, and the AUC during a 5-min
period were adopted as the contraction parameters and
were compared via a paired student ¢ test.

In the second experiment, only the AUC was used as
the index of myometrium contraction, following the
results of the first experiment, and data were analyzed
between the control and the three different alprostadil
concentrations by repeated measure one-way analysis
of variance.

Results

Representative myometrium contraction curves are
showed in Fig. 2.

In the first experiment, the spontaneous myometrium
contractions showed no significant changes with regard
to the AUC, maximum amplitude, or frequency over a
1-h period (Fig. 3A). On induction of sevoflurane (2%),
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10mN

A Tmin

C

Fig. 2A-C. Representative recordings of myometrium con-
tractions. A Spontaneous myometrium contractions, B myo-
metrial relaxation induced by introduction of sevoflurane
(2%), and C inhibition of myometrial relaxation by alprostadil
(1 x10°gml™)

Amplitude Frequency AUC
mN) (times/5min) (mN x min)
80 12 40
60 8 H 30
40 20
4
20 10
0 0 0
A Baseline  60min Baseline  60min Baseline  60min
Fig. 3A,B. Effect of sevoflurane on
(mN) (times/5min) (mN x min) spontaneous myometrium contractions.
80 12 40 A Without sevoflurane, neither the area

60 30
}\‘ 8 H
40 20

4

under the curve (AUC), the maximum
amplitude, or the frequency showed sig-
nificant differences in spontaneous
myometrium contraction over time.

=

20 10 B Sevoflurane (2%) induced a significant
0 0 0 decrease in myometrium contractions
B Baseline  60min Baseline  60min Baseline ~ 60min when the AUC was used as an index, but
not when the maximum amplitude or the
* P<0.05 frequency were used
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Fig. 4. Sevoflurane (2%) decreased the
AUC by 13%, but alprostadil counter-
acted the myometrial relaxation induced
by sevoflurane in a dose-dependent
manner. The AUC was 87%, 87%,
129%, and 172% of the baseline value
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there was a significant decrease of myometrium con-
traction when the AUC was used as the measurement
index, but not when the maximum amplitude or the
frequency were used (Fig. 3B).

In the second experiment, sevoflurane (2% ) decreased
the AUC by 13%. The addition of alprostadil increased
myometrium contraction in a dose-dependent manner,
reversing sevoflurane-induced myometrial relaxation.
The AUC values were 87%, 87%, 129%, and 172% of
the baseline value for the control and at low, medium,
and high concentrations of alprostadil, respectively
(Fig. 4).

Discussion

In the first experiment, we showed that spontaneous
myometrium contractions are constant over a period of
60min. The AUC revealed sevoflurane-induced myo-
metrial relaxation; however, neither the amplitude nor
the frequency indicated sevoflurane-induced myome-
trial relaxation.

The effect of drugs on myometrium contraction has
been studied using isolated myometrial strips from
humans [9,10] and rats [11,12]. The amplitude and fre-
quency have traditionally been used as an index of
myometrium contraction because they can be easily
measured from analog data. Recently, new computer
software has made it possible to calculate the AUC
[13-15]. Previous studies have found that sevoflurane
reduces both the amplitude and frequency of myome-

1x10¢g-mi*t high concentrations of alprostadil,

respectively

trium contractions in myometrium isolated from humans
[9,10] and rats [11,12]. Sevoflurane-induced myometrial
relaxation has also been established using the AUC
[13-15]. The failure to detect myometrial relaxation
induced by sevoflurane via the amplitude or frequency
in our study may be attributable to the small number of
strips used. However, the AUC, which may decrease
synergistically with decreased amplitude and frequency,
revealed myometrial relaxation in the current small
sample size. The superiority of the AUC as an index of
myometrium contraction is supported by the clinical use
of the Montevideo unit by obstetricians; this unit is
defined as the average intensity times frequency in a
10-min period [1].

In the second experiment, the AUC was used as an
index of myometrium contraction, following the results
of the first experiment. Alprostadil successfully coun-
teracted the myometrial relaxation induced by sevoflu-
raneinadose-dependent manner, restoring myometrium
contraction. In this experiment, we measured myome-
trium contractions for 5min immediately after the addi-
tion of alprostadil. Although it is not clear how long it
takes alprostadil to induce myometrium contractions
and to disappear after administration, our results clearly
showed that alprostadil induced myometrium contrac-
tion during this 5-min period.

Alprostadil, a synthesized prostaglandin, serves as an
important messenger for a wide variety of functions
[16]. The effects of alprostadil on myometrial contractil-
ity have been used for the termination of pregnancies
and the induction of labor [17,18]. It also possesses a



Y. Ohashi et al.: Effect of alprostadil against sevoflurane

vasodilatory effect on vascular smooth muscle, and it
has been used to treat peripheral vascular disease and
erectile dysfunction [19,20]. Furthermore, alprostadil
has been administered intravenously to treat critical
hypertension and to induce deliberate hypotension
during anesthesia in Japan [4-6], where it is available
for intravenous administration.

Several clinical reports have indicated a decrease in
blood loss as a result of deliberate hypotension when
alprostadil is used during operations [5,6]. Considering
the effects of alprostadil on myometrium contraction
and systemic vascular dilation, it is hypothesized that
alprostadil may reduce postpartum bleeding during a
cesarean section. While successful use of alprostadil for
treatment of cesarean sections for patients with hemo-
lysis, elevated liver enzymes, and low platelet count
syndrome (HELLP) has been reported [7,8], clinical use
of prostaglandins, including alprostadil, during cesarean
section has not been well studied or commonly
practiced.

It is well recognized that volatile anesthetics induce
myometrial relaxation, and it is recommended that vol-
atile anesthetics be avoided after the delivery of an
infant during a cesarean section. However, an increased
risk of intraoperative awareness has been reported after
discontinuation of volatile anesthetics [3], therefore, a
uterotonic agent inhibiting the myometrial relaxation
induced by volatile anesthetics would be useful for
cesarean sections. To support the practical use of a
uterotonic agent in combination with volatile anesthet-
ics, the confirmation that uterotonic agents effectively
inhibit myometrial relaxation induced by volatile anes-
thetics is necessary.

Decreased intracellular calcium concentration has
been proposed as a mechanism of myometrial relax-
ation [21-23]. Recently, it has been suggested that sevo-
flurane decreases intracellular Ca™ by inhibiting
activation of voltage-dependent Ca*" channels (VDCCs)
[13]. It has also been reported that oxytocin and pros-
taglandins induce myometrium contraction by increas-
ing the intracellular calcium concentration [24,25]. Two
different mechanisms have been proposed, an extracel-
lular mechanism and an intracellular mechanism, both
leading to increased Ca'". Increased Ca"" influx through
VDCCs has been proposed for the extracellular mecha-
nism, while increased Ca™ release from intracellular
stores has been suggested for the intracellular mecha-
nism [26-28]. The dominant mechanism by which pros-
taglandins induce myometrium contraction is still under
considerable debate. Because volatile anesthetics inhibit
VDCCs, it is speculated that prostaglandins may be
unable to inhibit myometrial relaxation induced by
volatile anesthetics via the extracellular mechanism.
Therefore the present results seem to support the idea
that alprostadil inhibits myometrial relaxation by
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increasing intracellular Ca™ via the intracellular
mechanism.

The present results suggest possible advantages for
the use of alprostadil during cesarean sections. Further-
more, there may be specific clinical conditions for which
alprostadil is more advantageous. For patients with
pregnancy-induced hypertension, alprostadil can be
used to induce myometrium contraction while simulta-
neously reducing blood pressure. Further studies would
be needed to determine to what degree alprostadil
reduces blood pressure at the concentration required
for inducing myometrium contraction. However, it is
certain that alprostadil does not induce the hyperten-
sion commonly seen with methylergometrine. For
preterm patients, alprostadil may be a superior alterna-
tive to oxytocin because sensitivity to oxytocin is known
to be immatured until the late stage of pregnancy.

In conclusion, we have shown that alprostadil is effec-
tive against myometrial relaxation induced by sevoflu-
rane. Therefore, alprostadil may be an advantageous
uterotonic agent during cesarean sections in which vola-
tile anesthetics are used.

References

1. Brinbach DJ, Browne IM (2005) Anesthesia for obstetrics. In:
Miller RD (ed) Miller, 6th edn. Churchill Livingstone, Philadel-
phia, pp 2307-2344

2. Biribo MA (2000) General anesthesia for cesarean section. In:
Bimbach DJ, Gatt SP, Datta S (eds) Textbook of obstetric anes-
thesia. Churchill Livingstone, Philadelphia, pp 239-243

3. Lyons G, Akerman N (2005) Problems with general anaesthesia
for cesarean section. Minerva Anestesiol 71:27-38

4. Tkeya K, Kume M, Sato H, Kashimoto S, Kumazawa T (2002)
Effect of prostaglandin E1 infusion during and after total hip
arthroplasty under hypotensive anesthesia on postoperative liver
function and hemorrhage (in Japanese with English abstract).
Masui (Jpn J Anesthesiol) 51:377-381

5. Goto F, Otani E, Kato S, Fujita T (1982) Prostaglandin E1 as a
hypotensive drug during general anaesthesia. Anaesthesia 37:
530-535

6. Yukioka H, Asada K, Fujimori M, Shimazu A (1993) Prostaglan-
din E1 as a hypotensive drug during general anesthesia for total
hip replacement. J Clin Anesth 5:310-314

7. Takahashi H, Satoh T, Sakio H (1996) Anesthesia for a patient
with HELLP syndrome (in Japanese with English abstract).
Masui (Jpn J Anesthesiol) 45:1380-1383

8. Hino H, Suzuki Y, Aoki T, Takahashi K (1995) The use of pros-
taglandin E1 for emergency cesarean section in a patient with
HELLP syndrome (in Japanese with English abstract). Masui
(Jpn J Anesthesiol) 44:124-129

9. Yildiz K, Dogru K, Dalgic H, Serin IS, Sezer Z, Madenoglu H,
Boyac A (2005) Inhibitory effects of desflurane and sevoflurane
on oxytocin-induced contractions of isolated pregnant human
myometrium. Acta Anaesthesiol Scand 49:1355-1359

10. Turner RJ, Lambros M, Kenway L, Gatt SP (2002) The in-vitro
effects of sevoflurane and desflurane on the contractility of
pregnant human uterine muscle. Int J Obstet Anesth 11:246—
251

11. Gursoy S, Kaya T, Kunt N, Karadas B, Bagcivan I, Kafal H (2004)
Interactive effect of sevoflurane with isradipine or indomethacin



366

12.

13.

14.

15.

16.
17.

18.

19.

20.

on spontaneous contractile activity of isolated pregnant rat myo-
metrium. Int J Obstet Anesth 13:234-238

Kafali H, Kaya T, Gursoy S, Bagcivan I, Karadas B, Sarioglu Y
(2002) The role of K channels on the inhibitor effect of sevo-
flurane in pregnant rat myometrium. Anesth Analg 94:174-178
Yamakage M, Tsujiguchi N, Xiangdong C, Yasuhiro K, Akiyoshi
N (2002) Sevoflurane inhibits contraction of uterine smooth
muscle from pregnant rats similarly to halothane and isoflurane.
Can J Anaesth 49:62-66

Gaspar R, Ducza E, Mihalyi A, Marki A, Kolarovszki SZ, Paldy
E, Benyhe S, Borsodi A, Foldes I, Falkay G (2005) Pregnancy-
induced decrease in the relaxant effect of terbutaline in the late-
pregnant rat myometrium: role of G-protein activation and
progesterone. Reproduction 130:113-122

Dogru K, Yildiz K, Dalgis H, Sezer Z, Yaba G, Madenoglu H
(2003) Inhibitory effects of desflurane and sevoflurane on con-
tractions of isolated gravid rat myometrium under oxytocin
stimulation. Acta Anaesthsiol Scand 47:472-474

O’Brien WF (1995) The role of prostaglandins in labor and deliv-
ery. Clin Perinatol 22:973-984

Christin MS, Bouchard P, Spitz IM (2000) Drug therapy: medical
termination of pregnancy. N Eng J Med 342:946-956

Brindley BA, Sokol RJ (1988) Induction and augmentation of
labor: basis and methods for current practice. Obstet Gynecol
Surv 43:730-743

Weiss T (2003) Mechanisms of action of prostaglandin E1 in
therapy of peripheral arterial occlusive diseases. Vasa 32:187-192
Urciuoli R, Cantisani TA, Carlini IM, Giuglietti M, Botti FM
(2004) Prostaglandin E1 for treatment of erectile dysfunction
(Review). Cochrane Database Syst Rev 2:CD001784

21.

22.

23.

24.

25.

26.

27.

28.

Y. Ohashi et al.: Effect of alprostadil against sevoflurane

Yamakage M, Kohro S, Matsuzaki T, Tsuchida H, Namiki A
(1998) Role of intracellular Ca* stores in the inhibitory effect of
halothane on airway smooth muscle contraction. Anesthesiology
89:165-173

Matthew A, Kupittayanant S, Burdyga T, Wray S (2004) Charac-
terization of contractile activity and intracellular Ca*" signaling in
mouse myometrium. J Soc Gynecol Investig 11:207-212

Szal SE, Repke JT, Seely EW, Graves SW, Parker CA, Morgan
KG (1994) [Ca™]; signaling in pregnant human myometrium. Am
J Physiol 267:E77-E87

Arnaudeau S, Lepretre N, Mironneau J (1994) Oxytocin mobi-
lizes calcium from a unique heparin-sensitive and thapsigargin-
sensitive store in single myometrial cells from pregnant rats.
Pflugers Arch 428:51-59

Tezuka N (2003) Calcium ion channels in myometrium: molecular
basis for forceful contractility. J Smooth Muscle Res 7:37-49
Molnar M, Asem EK, Hertelendy F (1987) Differential effects of
prostaglandin F2 alpha and of prostaglandins E1 and E2 on cyclic
3’,5"-monophosphate  production and intracellular calcium
mobilization in avian uterine smooth muscle cells. Biol Reprod
36:384-391

Villar A, D’Ocon P, Anselmi E (1985) Calcium requirement of
uterine contraction induced by PGE1: importance of intracellular
calcium stores. Prostaglandins 30:491-496

Anselmi E, D’Ocon P, Villar A (1987) A comparison of uterine
contraction induced by PGE1 and oxytocin in Ca-free solution.
Prostaglandins 34:351-358



