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Effects of propofol on gravid human uterine muscle
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Uterine contraction arrests bleeding from placental bed
vessels, limiting peripartum bleeding. Drugs which in-
terfere with this action need to be used with caution in
obstetrics for fear of uterine atony. The depressant ef-
fect of inhalation anesthetics, especially halothane, on
human uterine muscle activity has been well docu-
mented [1-6]. However, the effects of intravenous anes-
thetics on spontaneous uterine muscle activity have not
been as well studied. Propofol (2,6-di-isopropylphenol)
is used for balanced anesthesia, in outpatient surgery
due to its convenience of fast recovery and earlier
ambulation, and also in obstetric practice. It has so far
been shown to have no adverse effects on maternal or
fetal cardiovascular responses or acid-base status [7],
and may be comparable to thiopental for the induction
of general anesthesia for Caesarean section [8-9]. Since
propofol is known to have a relaxant effect on vascular
smooth muscle [10-11], and also on respiratory smooth
muscle [12-13], we were interested in its effects on the
myometrium. The effects of propofol on the spontane-
ous activity of human gravid uterine muscle in vitro are
presented.

With institutional approval and informed consent, we
took myometrial strips from the lower segment of uteri
of 42 patients undergoing elective lower-segment
Caesarian section (LSCS) under general endotra-
cheal anesthesia (sodium thiopental, succinylcholine,
atracurium, fentanyl/morphine analgesia, and 0.5%
isoflurane). Myometrial strips (approximately 10 X 2 X
2mm) were prepared and mounted in an organ bath
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containing Krebs-Henseleit (KH) solution (composi-
tion in mM: NaCl 118, KCl 4.7, Ca(l, 2.5, KH,PO, 1.1,
MgSO, 1.2, glucose 4.5, NaHCO, 2.5; and pH 7.4), kept
at 37°C and aerated by a mixture of 95% O, and 5%
CO,. Each muscle strip was attached to an isometric
force transducer and allowed to equilibrate until it con-
tracted spontaneously (usually 1-1.5h) under a resting
tension of 1.5g before the drugs were added. The re-
sponses were monitored by a Hewlett-Packard recorder
(7702B, Hewlett-Packard, Andover, MA, USA).
Propofol (Diprivan; ICI, Macclesfield, Cheshire, UK),
10% intralipid (vehicle for propofol), and salbutamol
(Ventolin, Glaxo, Greenford, England) were studied
independently and compared to control myometrial
strips run in parallel without the drug.

Propofol was used at a final concentration of 3.4 X
10-*M in the organ bath, based on preliminary studies
which showed less consistent responses at lower con-
centrations, while salbutamol organ bath concentra-
tions were 2.1 X 107° or 42 X 1073M. Propranolol,
prazosin, and yohimbine (Sigma, St. Louis, MO, USA)
were used to define the possible mechanism of action of
propofol. Patients who had received sympathomimetic/
sympatholytic drugs preoperatively were excluded from
the study. The interaction between oxytocin and
propofol, and between oxytocin and salbutamol were
studied by adding oxytocin (10mU or 20mU) into the
organ bath 20min after propofol or salbutamol. In an-
other set of experiments, propofol or salbutamol was
introduced after the myometrial strips had been artifi-
cially stimulated with oxytocin (10mU). For a few strips
(n = 6), washout of the drugs was achieved through
constant replacement of the bath fluid at a rate of
1ml-min~! to limit sudden weight changes, to determine,
the reversibility of the effects of propofol.

Propofol 3.4 X 107*M consistently depressed spon-
taneous uterine muscle activity (Fig. 1a). Salbutamol
showed dose-dependent effects: at 2.1 X 10~ M, sponta-
neous activity was abolished in only 70% of the
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Fig. 1. a Effects of propofol on myometrial contraction. A representative tracing showing how propofol (3.4 X 10-*M) abolished
spontaneous myometrial contractions in all cases. b Representative tracing showing the effects of salbutamol on spontaneously
contracting myometrial strips. Salbutamol (4.2 X 10~°M) abolished myometrial contractions in all cases

myometrial strips, while at a higher dose (4.2 X 10-M)
all responses were abolished; a typical tracing is shown
only for the higher dose (Fig. 1b). Intralipid (10%) had
no effect on uterine smooth muscle contraction when
administered at a volume of 0.075ml, the same volume
as for propofol. The myometrial strips recovered spon-
taneously after 2-3h washout of propofol.

Propranolol (7.7 X 10-3M) on its own had no effect
on uterine muscle contraction but inhibited salbutamol-
induced uterine muscle relaxation (Fig. 2a).
Propranolol, however, had no effect on propofol-
induced uterine muscle relaxation (Fig. 2b). The effect
of propofol was similarly not affected by pretreatment
of tissues with prazosin or yohimbine. Oxytocin stimu-
lated uterine muscle contraction in the presence of
propofol (Fig. 2c¢) or salbutamol (Fig. 2d). In
myometrial strips pretreated with oxytocin, propofol
inhibited, while salbutamol had no effect on, oxytocin-
stimulated contraction (Fig. 2e and f, respectively).

Many inhalation anesthetics have been shown to have
a direct depressant effect on uterine activity [1-3]. This
report suggests that propofol shares this action in com-
mon with the inhalational agents. Propofol reduces ar-
terial blood pressure partly as a result of a direct,
negative inotropic action [14], and has a direct relaxant
effect on vascular smooth muscle [11] and on airway
smooth muscle [12-13]. In an attempt to establish
the mechanism through which propofol abolishes

myometrial contractility, we used drugs with effects on
adrenergic mechanisms, because of the well known in-
volvement of both - and c-adrenergic systems in
myometrial contractility [15-19], but none of them ap-
peared to modify the effects of propofol. The interac-
tions between propofol and oxytocin are noteworthy
because pretreatment with propofol has no effect on
subsequently administered oxytocin (Fig. 2c¢) while
propofol suppresses oxytocin-induced contractions
when administered afterwards (Fig. 2e). Clearly, the
effects of propofol are different from those of
salbutamol pre and post treatment which are reversed
by oxytocin (Fig. 2d,f). The depressant effects of
propofol on myometrial contraction may be part of a
general, nonspecific relaxant/depressant effect.

Our results need not be seen as contradictory to the
clinical reports that have suggested propofol as an ac-
ceptable alternative to thiopental for the induction of
general anesthesia in obstetrics, without effect on uter-
ine contractility or maternal blood loss [8-9]. The
propofol concentration used was in the upper range of
those achieved in clinical practice [20-21]. Propofol is
rapidly eliminated from the body, and its effects are
short-lived, whereas in vitro it was in contact with the
tissue for a relatively longer time; but even with the high
concentration and long exposure in the organ bath, the
strips spontaneously recovered after propofol washout.
This suggests that, were propofol to produce similar
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Fig. 2. a Effects of propranolol on myometrial contraction
and on the effects of salbutamol. Propranolol had no effect on
myometrial activity, but it abolished the relaxant effects of
subsequently administered salbutamol. b Typical tracing
showing the effects of propranolol on the relaxant effects of
propofol. Propranolol had no apparent effect on the relaxant
effects of propofol on spontaneously contracting myometrial
strips. ¢ Effects of oxytocin on the relaxant effects of propofol.
Ogxytocin (10 or 20mU-ml~') reversed the relaxant effects of
propofol; the tracing shown is for oxytocin 10mU-ml-%. d Ef-
fects of oxytocin on the relaxant effects of salbutamol. As for
propofol, oxytocin (10 or 20mU-ml~!) reversed the relaxant
effects of slabutamol. e A typical tracing for the effects of
propofol on oxytocin-augmented myometrial contractions.
Propofol abolished myometrial contractions in the presence
of oxytocin. f Typical tracing showing the lack of effect by
salbutamol on oxytocin-augmented myometrial contractions

results in vivo, they would be short-lived and the
myometrium would recover thereafter with no atten-
dant increase in blood loss. That oxytocin abolished the
relaxant effects of propofol suggests that even when the
action of propofol is established, administration of oxy-
tocin would reverse its tocolytic effects. Thus, propofol
could be used for induction of anesthesia for Caesarian
section without fear of profound, long-lasting atony.

Acknowledgments. This study was supported by funds
from the National University of Singapore. The authors
are grateful to the staff of the National University Hos-
pital for their cooperation, and to the technical staff of
the Departments of Anesthesia and Obstetrics and
Gynecology for their assistance.

References

1. Munson ES, Maier WR, Canton D (1969) Effects of halothane,
cyclopropane and nitrous oxide on isolated human uterine
muscle. J Obstet Gynaecol Br Commonw 76:27-33

2. Munson ES, Embro WIJ (1977) Enflurane, isoflurane and
halothane and isolated human uterine muscle. Anesthesiology
46:11-14

3. Naftalin NJ, McKay DM, Phear WPC, Goldberg AH (1977) The
effects of halothane on pregnant and non-pregnant human
myometrium. Anesthesiology 46:15-19

4. Miller JR, Stoelting VK, Stander RW, Watring W (1966) In vitro
and in vivo responses of the uterus to halothane anesthesia.
Anesth Analg 45:583-589

5. Bosomworth PP, Sikora F, Welch CM (1962) Fetal ECG and
obstetrical blood loss with halothane anesthesia. Anesthesiology
23:140-141

6. Cullen BF, Margolis AJ, Eger EI T (1970) The effects of anesthe-
sia and pulmonary ventilation on blood loss during elective thera-
peutic abortion. Anesthesiology 32:108-113

7. Alon E, Ball RH, Gillie MH, Parer JT, Rosen MA, Shnider SM
(1993) Effects of propofol and thiopental on maternal and fetal
cardiovascular and acid-base variables in the pregnant ewe. Anes-
thesiology 78:562-576

8. Moore J, Bill KM, Flynn RJ, McKeating KT, Howard PJ (1989) A
comparison between propofol and thiopentone as induction
agents in obstetric anaesthesia. Anaesthesia 44:753-757

9. Valtonen M, Kanto J, Rosenberg P (1989) Comparison of
propofol and thiopentone for induction of anaesthesia for elective
Caesarian section. Anaesthesia 44:758-762

10. Bentley GN, Gent JP, Goochild CS (1989) Vascular effects of
propofol: smooth muscle relaxation in isolated veins and arteries.
J Pharm Pharmacol 41:797-798

11. Chang KSK, Davis RF (1993): Propofol produces endothelium-
independent vasodilation and may act as a Ca?* channel blocker.
Anesth Analg 76:24-32

12. Pedersen CM, Thristrup S, Nielsen-Kudsk JE (1992) Smooth
muscle relaxant effects of propofol and ketamine in isolated
guinea pig trachea. Eur J Pharmacol 238:75-80

13. Lee TL, Adaikan PG, Lau LC, Kumar A, Ratnam SS (1995)
Effects of propofol on guinea-pig respiratory smooth muscle.
J Anesth 9:265-270

14. Pagel PS, Warltier DC (1993) Negative inotropic effects of
propofol as evaluated by the regional preload recruitable stroke
work relationship in chronically instrumented dogs. Anesthesiol-
ogy 78:100-108



74

15.

16.

17.

18.

T.-L. Lee et al.: Relaxant effects of propofol on gravid myometrium

Anderson KE, Ingemarsson I, Persson CGA (1973) Relaxing
effects of P-receptor stimulators in isolated, gravid human
myometrium. Life Sci 13:335-344

Berg G, Andersson RGG, Ryden G (1985) 3-Adrenergic recep-
tors in human myometrium during pregnancy: Changes in the
number of receptors after f-mimetic treatment. Am J Obstet
Gynecol 151:392-396

Berg G, Andersson RGG, Ryden G (1986) a-Adrenergic recep-
tors in human myometrium during pregnancy. Am J Obstet
Gynecol 154:601-606

Marnet PG, Garcia-Villar R, Laurentie MP, Toutain PL (1987) In
vivo pharmacological characterization of alpha-adrenergic recep-

19.

20.

21

tors in sheep myometrium and their physiological meaning. Biol
Reprod 37:241-248

Shin D-H, Hsu WH (1994) Influence of the formamidine pesticide
amitraz and its metabolites on porcine myometrium contractility:
involvement of aj,-adrenoceptors and Ca?* channels. Toxicol
Appl Pharmacol 128:45-49

Cockshott ID (1985) Propofol (diprivan) pharmacokinetics and
metabolism—an overview. Postgrad Med J 61 [Suppl III]:45-50
Gepts E, Claeys AM, Camu F (1985) Pharmacokinetics of
propofol (Diprivan) administered by continuous intravenous in-
fusion in man: A preliminary report. Postgrad Med J 61 [Suppl
TIT]:51-52



