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Background: Recently, there have been some trials to use dexmedetomidine in the obstet-
ric field but concerns regarding the drug include changes in uterine contractions after labor.
We aimed to evaluate the effects of dexmedetomidine on the myometrial contractions of
pregnant rats.

Methods: In a pilot study, the contraction of the myometrial strips of pregnant Sprague-Daw-
ley rats in an organ bath with oxytocin at 1 mU/ml was assessed by adding dexmedetomi-
dine from 107° to 10 M accumulatively every 20 min, and active tension and the humber
of contractions were evaluated. Then, changes in myometrial contractions were evaluated
from high doses of dexmedetomidine (1.0 x 10™* to 1.2 x 10~ M). The effective concentra-
tions (EC) for changes in uterine contractions were calculated using a probit model.

Results: Active tension and the number of contractions were significantly decreased at 107
M and 10™* M dexmedetomidine, respectively (P < 0.05). A complete loss of contractions
was seen at 1072 M. Dexmedetomidine (1.0 x 10™* to 1.2 x 10~ M) decreased active ten-
sion and the number of contractions in a concentration-dependent manner. The ECys of dex-
medetomidine for inhibiting active tension and the number of contractions was 5.16 x 107
M and 2.55 x 107° M, respectively.

Conclusions: Active tension of the myometrium showed a significant decrease at concentra-
tions of dexmedetomidine higher than 10~ M. Thus, clinical concentrations of dexmedeto-
midine may inhibit uterine contractions. Further research is needed for the safe use of dex-
medetomidine in the obstetrics field.

Keywords: Adrenergic alpha-agonists; Alpha 2 adrenergic receptors; Dexmedetomidine; Rat;
Relaxation; Smooth muscle; Uterine contraction; Uterus.

INTRODUCTION cause of its analgesic properties and sedative effect without

respiratory depression [1]. Recently, its clinical applica-

Dexmedetomidine is a highly selective a, adrenergic re- tions have been expanded beyond use in the intensive care
ceptor (AR) agonist which has been in the spotlight be- unit and operating room. The additional properties of dex-
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medetomidine, such as anxiolysis, reducing anesthetic re-
quirement when used as an adjuvant, and cardiovascular
stability, can be attractive factors when considering the use
of dexmedetomidine in pregnant women [2]. Several trials
of dexmedetomidine have been conducted in the obstet-
rics field, such as application as an adjuvant analgesic with
remifentanil during labor [3], as an adjuvant during gener-
al anesthesia for cesarean sections in normal pregnancies
[4], in a parturient with preeclampsia [5], or as the sole
sedative during cesarean section under spinal anesthesia
[6]. However, there are some concerns for the use of dex-
medetomidine for obstetric anesthesia, such as changes in
uterine contractions after labor and fetal effects by placen-
tal transfer [2]. Although some human and animal studies
reported that dexmedetomidine increased spontaneous
contractions of the myometrium [7-9], the studies used
relatively low concentrations of dexmedetomidine in vitro,
which seem insufficient in clinical use [10]. Also, there are
some conflicting reports that clonidine, a non-selective a,
AR agonist, did not affect uterine contractions and that a,
AR does not participate in the contractile response of the
myometrium [11].

In this study, we evaluated the effects of dexmedetomi-
dine on oxytocin-induced contractions of the myometrium
in pregnant rats. We also calculated the effective concen-
tration for changes in the contractile profiles and com-
pared them with the clinical concentration of dexmedeto-
midine used for sedation.

MATERIALS AND METHODS
Animals

After approval by the Animal Care and Use Committee
(no. CIACUC2018-S0043), the current study was conducted
following Animal Research: Reporting of In Vivo Experi-
ments guidelines [12]. A total of 10 specific-pathogen-free
Sprague-Dawley pregnant rats (weighing 200-250 g) were
used for the study (pilot study, n = 2; concentration-re-
sponse study, n = 8). The rats were purchased from Damul
Science (Korea) and brought to the laboratory on the 17th
day of pregnancy. The pregnant rats were housed for one
day in cages with free access to water and food located in a
room maintained with a light/dark cycle of 12:12 and con-
stant temperature (20 to 23°C).
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Tissue preparation

The study was performed from 9:00 a.m. to 5:00 p.m. in
the laboratory. The pregnant rats were euthanized by an
infusion of carbon dioxide into the chamber on the 18th
day of pregnancy, which is comparable to about 31-32
weeks of pregnancy in humans [13]. Immediately, the ab-
domen of the rat was incised, and the pregnant uterus was
isolated. The uterus was transferred to a petri dish filled
with Krebs solution (118.3 mM NaCl, 4.7 mM KCl, 2.5 mM
CaCl,, 25 mM NaHCO,, 1.2 mM KH,PO,, 1.2 mM MgCl,,
and 11.1 mM glucose) [14]. The dissected uterus was care-
fully trimmed of fat and connective tissue and cut in the
longitudinal direction. Myometrial strips were prepared in
approximately 5 mm x 10 mm sections. Then, a myometri-
al strip was mounted in an organ bath, which was filled
with Krebs solution. The bath consisted of double walls
and had a capacity of 25 ml. Heated water was circulated in
the space between the two walls of the bath to maintain a
temperature of 37°C. The end of the strip was anchored
with a triangular clip and both ends were connected to a
hook on the base of the organ bath and lever arm of a
force-displacement transducer (Isometric Transducer;
Harvard App Ltd., USA). The Krebs solution in the bath was
maintained at a pH of approximately 7.4 by continuous
aeration with a gas mixture of 95% oxygen and 5% carbon
dioxide.

Drug preparation

Dexmedetomidine powder (purity > 98%, CAS Number
145108-58-3, C,;H,;N,-HCl, molecular weight 236.74 g/
mol) was purchased from Sigma-Aldrich (USA) and was
prepared by dissolving in distilled water (20 mg/ml). Then,
the dexmedetomidine solution was diluted to varying con-
centrations for the concentration-response study; 10° to
10> M for the pilot study, and 1.0 x 10 to 1.2 x 10™> M for
the concentration-response study.

Measurement of isometric tension

After the myometrial strips were mounted, the isometric
tension of the strips was assessed using a force-displace-
ment transducer. The default value for isometric tension
was determined using a 2.0 g weight and an initial resting
tension of 2.0 g was applied to the myometrial strips for 60

min for equilibration by flushing fresh Krebs solution in
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the organ bath every 20 min. During the equilibration,
rhythmic spontaneous contractions of the myometrial
strips developed, and 1 mU/ml of oxytocin (Sigma-Aldrich)
was added to the organ bath [9]. During the equilibration
with oxytocin for a further 60 min, the myometrial strips
developed strong, regular contractions. Then, the isometric
tension was measured over the 20 min and used as control
values. The measured data were traced with an i-WORX
118 system (USA) and recorded by Labscribe software
(Windows ver. 2.0; iWorx Systems Inc.).

Quantitative measurement of changes in myometrial
strip contractions

Changes in myometrial strip contractions during the
time interval were calculated by data quantitatively mea-
sured by the force-displacement transducer. Active tension
was calculated as the difference between the peak tension
and the resting tension during contractions of the myome-
trial strip. The number of contractions was expressed as
the number of contractions for 20 min of each concentra-
tion of dexmedetomidine.

Pilot study

To evaluate the concentration-response of dexmedeto-
midine on pregnant myometrial strips and determine con-
centrations for the probit analysis, a pilot study was con-
ducted (n = 2). Dexmedetomidine concentrations from
107° to 10> M were added to the organ bath accumulatively.
Changes in the contractions of the myometrial strip at each
concentration of dexmedetomidine were observed.

Concentration-response study

According to the results of a pilot study, the concentra-
tions used to evaluate the concentration-response curve by
probit analysis were: 1.0 x 10" M, 3.0 x 10" M, 6.0 x 10™
M, 9.0 x 10" M, and 1.2 x 10° M. In the pilot study, vary-
ing concentrations of dexmedetomidine were added accu-
mulatively to the organ bath every 20 min and changes in
contractions of the myometrial strip were observed (n = 8).

Statistical analysis

The data are expressed as mean * standard deviation.
The effects of dexmedetomidine at each concentration
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were compared to the control data, and changes in active
tension and number of contractions were described as a
percentage. Shapiro-Wilk tests were used to analyze the
normality of distribution of the data, and one-way analysis
of variance or the Kruskal-Wallis test using SPSS (Windows
ver. 21.0, IBM Co., USA) were performed for comparisons
with the control. A post-hoc test was followed by Mann-
Whitney U test with Scheffes’s method. A P value of less
than 0.05 was considered statistically significant. Probit
analysis was performed to analyze the effective concentra-
tion (EC) of dexmedetomidine on the changes in active
tension and the number of contractions of the myometrial
strips [15]. The calculated EC data are described as con-
centrations and 95% confidence intervals (CI) according to
the percentage of change as EC; (EC for the 5% change),
EC,;, EC,,, EC,;, and EC,.

RESULTS
Pilot study

No significant effect on myometrial contractions was in-
duced by oxytocin in dexmedetomidine concentrations
from 10°to 10° M (Fig. 1). However, higher concentrations
of dexmedetomidine decreased the active tension and

number of contractions. The active tension and number of
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Fig. 1. A pilot study on the changes in myometrial contractions
caused by dexmedetomidine. There was no significant effect of
dexmedetomidine concentrations from 10° to 10° M on myometrial
contractions. Active tension and the number of contractions were
significantly decreased by dexmedetomidine concentrations of 10
M and 10™ M, respectively. Both active tension and the number
of contractions disappeared at 10? M. The box plot represents
active tension. Data are expressed as median (1Q, 3Q). The black
dots represent the number of contractions. Data are expressed as
mean. *p < 0.05 compared to the control active tension. p < 0.05
compared to the control number of contractions.
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contractions were significantly decreased from dexmede-
tomidine concentrations of 10° M and 10~ M, respectively
(P < 0.05). Complete relaxation and a loss of myometrial
strip contractions were found at 10> M dexmedetomidine.

Concentration-response study

As the concentration of the dexmedetomidine increased
(1.0 x 10™to 1.2 x 107* M), the active tension and number
of contractions decreased in a concentration-dependent
manner (Table 1). Both active tension and the number of
contractions were significantly decreased by 1.0 x 10 M
dexmedetomidine (P < 0.05).

The EC,, and EC, of dexmedetomidine to inhibit the ac-
tive tension of the myometrial strip were 4.88 x 10~° M (95%
CI[2.29 x 10°M, 1.39 x 10 M]) and 5.16 x 10> M (95% CI
[5.67 x 10° M, 5.28 x 10° M)), respectively (Table 2, Fig. 2).
The EC,, and ECy; of dexmedetomidine to inhibit the num-
ber of myometrial strip contractions were 2.55 x 10~° M (95%
CI[1.41 x 10°M, 5.04 x 10° M]) and 2.08 x 10> M (95% CI
[3.76 x 10° M, 4.45 x 10" M]), respectively (Table 2, Fig. 3).

DISCUSSION

Dexmedetomidine is a unique drug that regulates the re-
lease of neurotransmitters with highly selective a, AR ago-
nism. The a AR is located at both presynaptic and postsyn-
aptic sites [16], but clinical interest in dexmedetomidine is

focused on the presynaptic a, AR, which controls the re-
lease of adenosine triphosphate (ATP) and norepinephrine
by negative feedback [17]. The effects of dexmedetomidine
via a, AR are mediated by a second messenger system or
ion channel through guanine-nucleotide regulatory bind-
ing protein activation [17].

Previously, the stimulation of a, AR was shown to cause
increases in the contractile force of the myometrium via
the influx of extracellular Ca* through the G protein signal
transduction pathway. Kitazawa et al. [18] reported that
clonidine increased the contractile force of porcine myo-
metrium by increasing intracellular Ca** without changing
3,5-cyclic adenosine monophosphate (cAMP) levels. How-
ever, there is a possibility that a, stimulation by dexmede-
tomidine may increase uterine contractility by reducing
cAMP formation by inhibiting adenylate cyclase [17]. In
contrast, there is also a possibility that dexmedetomi-
dine-induced o, stimulation may decrease uterine contrac-
tility by reducing the ATP, norepinephrine, and intracellu-
lar conductance of calcium by negative feedback [17,19].
Thus, we aimed to evaluate the effects of dexmedetomidine
on the contractility of rat myometrium.

In the current study, we first conducted a pilot study to
investigate differences in the contractile profile of the myo-
metrium according to dexmedetomidine concentrations
and determine the concentrations for the probit analysis,
in which the concentration-response of dexmedetomidine

on pregnant myometrial strips was evaluated. The results

Table 1. Effects of Dexmedetomidine on Active Tension and the Number of Contractions in the Uterine Smooth Muscle of Pregnant Rats

Concentration (M)  Active tension (g) Igz'tﬁcg(ig rEZi)c))r?f P value c Or’j#;ggg;:f( n) Inh'b't'ggr(lzf;gtfigﬁg] ber of P value
Control 3.74 £ 0.22 - - 33.70 £ 2.50 - -

1.0 x 10" 3.45 £ 0.14 7.36 + 6.65 0.003 28.30 £ 2.31 15.68 + 8.51 < 0.001
3.0 x 10" 3.10 = 0.08 16.75 £ 6.15 < 0.001 22,70 £ 1.83 32.25 £ 8.47 < 0.001
6.0 x 10* 2.85 + 0.27 23.38 + 11.26 < 0.001 21.80 + 1.87 3491 + 8.16 < 0.001
9.0 x 10* 1.16 £ 0.18 68.89 t 4,07 < 0.001 1430 + 1.64 57.47 + 547 < 0.001
1.2 x 10° 0.89 + 0.29 75.97 £ 7.80 < 0.001 3.90 £ 1.20 88.39 £ 3.74 < 0.001

The data are expressed as mean + SD. P values are compared to the control, n = 8.

Table 2. Estimated Effective Concentrations (M) of Dexmedetomidine to Inhibit Active Tension and the Number of Contractions in the Uterine

Smooth Muscle of Pregnant Rats

contracions EC. EC. ECx EC:s EC.
Active 463 x 10° 2.81 x 10° 4.88 x 10° 8.49 x 10* 5.16 x 107
tension (g) (128 x 10°,2.63 x 107) (6.65 x 107, 6.59 x 10%) (2.29 x 10% 1.39 x 10*) (2.54 x 10* 9.06 x 10°) (5.67 x 10°% 5.28 x 10°)
Number of 3.12 x 10°® 1.63 x 10° 2,55 x 10° 3.99 x 10* 2.08 x 10”
contractions

(n)

(2.16 x 10°,1.40 x 107) (5.08 x 107,3.42 x 10°) (1.41 x 10°,5.04 x 10°) (1.62 x 10*,1.80 x 10%) (3.76 x 10° 4.45 x 10"

The data are expressed as estimated value (95% confidence interval). EC: effective concentration of % inhibition. n = 8.
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Fig. 2. Probability of inhibiting active tension of the myometrium of a pregnant rat according to the concentration of dexmedetomidine (M). The
horizontal bars represent the concentration of dexmedetomidine calculated to inhibit the active tension of myometrial stirps with 50% and 95%
probabilities (EC5, and ECgs), respectively, and a 95% confidence interval. EC: effective concentration.
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Fig. 3. Probability of inhibiting the number of myometrial contractions of a pregnant rat according to the concentration of dexmedetomidine (M).
The horizontal bars represent the concentration of dexmedetomidine calculated to inhibit the number of myometrial strip contractions with 50%
and 95% probabilities (ECs, and EC,s), respectively, and a 95% confidence interval. EC: effective concentration.
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of the pilot study showed that the contractile profile of
myometrium induced by oxytocin did not change signifi-
cantly at dexmedetomidine concentrations from 10 to
107° M. A significant decrease was seen in active tension at
10° M and the number of contractions at 10 M. Interest-
ingly, a complete loss of contractions was found at 107 M.
These results suggest that the a, AR of the myometrium
may display biphasic effects according to the concentration
of dexmedetomidine.

According to previous studies, dexmedetomidine in-
creased the contractility of rat myometrium at concentra-
tions of 10° M to 10° M [7], and in a human myometrial
strip at clinical plasma concentrations of 10~ g/ml, which
were calculated as 2.53 x 10~ M in vitro [8]. Our results,
which showed no significant changes in contractions at
concentrations of 107 to 10™ M, were inconsistent with the
results of the previous studies. Previous studies differed
from the current study in that they did not use oxytocin to
stimulate the myometrium. Myometrial contractions are
regulated by depolarization triggered by intracellular Ca*"
influx and calcium plays a key role in this mechanism [20].
Ocal et al. [9] reported that dexmedetomidine increased
spontaneous contraction forces in a dose-dependent man-
ner, but there was no change in late-term pregnancy rats
when Ca’'-free solution was used. Oxytocin increases in-
tracellular Ca** influx, which is a major mechanism of uter-
ine contractions [20]. After labor, increased oxytocin stimu-
lates uterine contractions, and we used oxytocin to create a
similar biological environment [21]. Without oxytocin, the
baseline contractility is decreased compared to when oxy-
tocin is used, and this could be the reason for the discrep-
ant results. Moreover, we evaluated changes in uterine
contractility at higher concentrations of dexmedetomidine.
The maximal concentrations of dexmedetomidine in previ-
ous studies were 10° M [7] and 10™* M [9]. However, we
found a significant decrease in active tension at 10> M dex-
medetomidine. Specifically, both the contractile force and
the number of contractions disappeared at 10> M dexme-
detomidine. These results suggest that an occupation of
the a AR of the myometrium above a certain level may relax
the uterus.

Several hypotheses could explain how dexmedetomidine
decreases myometrial contractility. First, the excessive
stimulation of a, AR may produce uterine relaxation by in-
hibiting a, ARs. Kyozuka et al. [22] found that postsynaptic
a, AR may exist on the plasma membrane of rat myometrial

smooth muscles and has no contractile function. However,
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they suggested that occupancy by a selective a, agonist
could competitively interact by occupying sites of the a; AR
with contractile functions. Second, dexmedetomidine may
produce uterine relaxation because of its higher affinity for
a,, and a, AR subtypes [23]. In pregnant rats, a,, and a,; AR
decrease myometrial contractions, whereas a,; AR increas-
es them [24]. Moreover, the expression of a, AR subtypes is
related to gestational hormones and affected by the levels
of progesterone. In the non-pregnant uterus, an a, AR ago-
nist did not cause myometrial contractions [24]. Haja-
gos-Toth et al. [25] suggested the use of a,; agonists and a,;
antagonists with progesterone for reducing uterine con-
traction in the treatment of preterm labor. These results in-
dicate that dexmedetomidine may produce uterine relax-
ation by the stimulation of a,, and a, AR subtypes.

In the current study, we also compare the calculated
concentration from the in vitro study with the clinical con-
centration of dexmedetomidine for the sedation. Accord-
ing to clinical research on the pharmacokinetics and phar-
macodynamics of dexmedetomidine, dexmedetomidine
showed a significant sedative effect when the plasma con-
centrations were maintained between 0.2 and 0.3 ng/ml
[10]. This plasma concentration was about 8.45 x 10" M to
1.27 x 10’ M, given that the molecular weight of the dex-
medetomidine is 236.74 g/mol. The effective concentra-
tions are 5.07 x 10> M to 7.69 x 107>M in vitro because the
protein binding of dexmedetomidine is 94% [10]. These
concentrations are similar to the EC,; of dexmedetomidine
to inhibit active tension (5.16 x 10> M) and the number of
myometrial contractions (2.08 x 107> M) in the current
study. Thus, there is a possibility that uterine contractility
might be decreased when dexmedetomidine is used for se-
dation in pregnant women, which may cause problems af-
ter delivery. However, we cannot be sure whether those hy-
potheses can be applied to clinical situations because there
are significant differences between species.

There were several limitations to our study. We did not
evaluate the responses after the simultaneous stimulation
or inhibition of adrenergic receptors. It is possible that in-
teractions between the receptors could regulate uterine
contractions. Also, there would be interactions and feed-
back mechanisms between a AR and other physiologic re-
ceptors. The results of the current study were not validated
in humans. Thus, a well-designed clinical study is needed
for the safe use of dexmedetomidine in pregnant women.

In conclusion, active tension of the myometrium did not

change at concentrations of dexmedetomidine less than
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10" M but showed a significant decrease at concentrations
higher than 10° M. The EC,;, of dexmedetomidine to inhib-
it active tension and the number of contractions was 4.88
x 10° M and 2.55 x 107 M, respectively. The use of dex-
medetomidine at clinical concentrations in pregnant wom-
en has the potential to relax uterine muscles, so further re-
search is needed for the safe use of dexmedetomidine in
the obstetrics field.
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