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Assessment of myoelectrical signal parameters
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Objective: To investigate the correlation of myoelectrical signals with spontaneous contractile events and physi-
ological states in the nonisolated uterine horn of rats.
Design: In vivo uterine myoelectrical activity recording study.
Setting: Animal and pharmacology laboratory at Inonu University.
Animal(s): Thirty-six female Wistar albino rats.
Intervention(s): Six animals were not castrated and served as a sham-operated control group; the other 30 were
ovariectomized (OVX) and put into groups: unbiased OVX subjects, estrogen (E)-biased OVX subjects, P-biased
OVX subjects, E-plus-P-biased OVX subjects, and hCG-biased OVX subjects. An MP100 A-CE was used for data
acquisition, and a personal computer was used for processing.
Main Outcome Measure(s): Besides the temporal, spectral, and joint time-frequency (spectrotemporal) analysis,
some quantitative measures such as standard deviation and mark to space power ratios of myoelectrical signals
were measured.
Result(s): Progesterone, E, and hCG administration down-regulated the power and contraction frequency of the
uterine electrical signal. The spectral concentrations that occurred around the 0.9, 0.35, and 0.7 Hz frequency
ranges may be distinguishing characteristics for P, E, and hCG, respectively.
Conclusion(s): Based on the obtained results, uterine contractions change with ovariectomy and administration
of hormones. Progesterone, E, and hCG particularly prolong the quiescent periods of the uterus by reducing the
frequency of uterine contractions as well as the power of the myoelectrical activity. Individual or combined use of
P, E, or hCG might favor quiescence of the uterine muscle and the maintenance of pregnancy. (Fertil Steril�

2008;89:188–98. �2008 by American Society for Reproductive Medicine.)
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Uterine quiescence is essential for the normal development of
the fetus and vital in certain phases of the cycle for successful
reproduction (1, 2). Therefore, understanding, characteriza-
tion, and control of the mechanisms underlying uterine con-
tractions are necessary. The earliest recognized report
regarding the contractile activity of uterine myometrium
was that of Dickinson (3). In addition, regular labor-like con-
tractions of high intensity, low frequency, and low basal pres-
sure have been described during menstruation (4).
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These contractions originate in the subendometrial myo-
metrium (5, 6). Adequate myometrial contractions may
help in gamete or sperm transportation throughout the utero-
tubal cavities (7, 8), but for successful embryo implantation
in spontaneous or assisted reproduction, uterine quiescence
is considered to be very important for maintaining the preg-
nancy by avoiding the displacement of embryos from the
uterine cavity (1, 7, 8).

From this standpoint, the control of uterine contractile ac-
tivity is vital for successful implantation and management of
IVF patients (1, 7). One of the basic mechanisms that control
uterine contractions is the underlying electrical activity of
spontaneously generated action potentials (9). Resting mem-
brane potential, excitability of the cell, and the frequency and
duration of action potentials in myometrium are differentially
influenced by estrogen (E) and P (10).
0015-0282/08/$34.00
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Subendometrial myometrium exhibits cyclic changes in E
and P receptors, as has been reported by Noe et al. (11). In
addition, the presence of hCG in human myometrium is ac-
knowledged (12); however, the cyclic properties of hCG still
remain ambiguous.

Studies indicate that myometrial cells are coupled together
electrically by gap junctions composed of connexin proteins
(9, 13). Progesterone and 17b-estradiol are thought to exert
their effects on the uterus by regulating ion channels (14)
and hence the density of gap junctions that influence the my-
ometrium conductivity. While P down-regulates, E dramati-
cally up-regulates the density of gap junctions (15, 16).

Interestingly, hCG has been reported to be one of the hor-
mones that can directly maintain uterine quiescence by
down-regulating myometrial gap junctions during pregnancy
(17). It mediates its own action by increasing the myometrial
biosynthesis of P (17) and consequently inhibits oxytocin-
stimulated myometrial contractions (18).

Experiments using ovariectomized (OVX) rats have shown
that the amplitudes of membrane potentials from myome-
trium after E2 treatment were higher than those after P treat-
ment (10), whereas simultaneous treatment with both P and
E2 produces a plateau potential of longer duration during
burst discharges (10). Within certain limits, there is a dose-re-
sponse relationship between the levels of these steroids in the
blood and the frequency of the uterine peristaltic contractions
(19).

Briefly, P seems to exert an overall control on uterine qui-
escence by suppressing a number of genes such as connexin
43 (Cx43) and by downregulating the density of gap junctions
in the myometrium, which is essential for uterine contractil-
ity (20). A limited number of studies have been performed on
in vivo recordings of uterine myoelectrical activity in non-
pregnant OVX rats and its properties such as burst power,
space power, and quiescence period.

The primary aim of this study was therefore to explore the
nature of the electrical activity of the uterus. Furthermore, the
experiment was designed to investigate the effects of conju-
gated equine estrogens (CEEs), P, and hCG (administered
in vivo) on the myoelectrical properties of the rat myome-
trium by using a computerized recording system and signal
processing.

MATERIALS AND METHODS

Animals

Thirty-six virgin, adult, albino Wistar rats weighing 200–250 g
at 3 months of age were studied. The estrous cycles in sham-
operated animals were monitored by cytological evaluation
of vaginal smears. The animals were housed in plastic cages
with a metal grid lid at a room temperature of 20�C; fluores-
cent lamps provided artificial light. The rats were kept in
groups of six subjects on a 12-hour light/dark cycle, during
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which the lights were turned on at 6:00 A.M. Food and water
were available ad libitum.

The permission for the animal tests and experiments was
given by the Bioethical Board of Inonu University Medical
Faculty. Thirty animals were ovariectomized bilaterally un-
der intraperitoneal ketamine (50 mg/kg) and xylazine HCl
(10 mg/kg) anesthesia. The remaining six rats underwent
a surgical procedure similar to the others, but the ovaries
were not removed.

Five days after the surgical procedure, the six noncastrated
animals were assigned to a sham-operated control group, and
the 30 castrated animals were divided into five groups with
six rats in each group. The organization of groups is as fol-
lows: sham-operated control animals (group 1); OVX control
animals (0.9% saline only; group 2); OVX animals treated
with P in oil (2.5 mg/g IM; group 3); OVX animals treated
with CEE (0.1 mg/kg/day per os gavage; group 4); OVX an-
imals treated with P 2.5 mg/g after 7 days of pretreatment with
CEE (0.1 mg/kg per day per os; group 5); and OVX animals
treated with hCG (10 IU hCG IP; group 6). In groups 4 and 5,
treatment with CEE was started 5 days after bilateral ovariec-
tomy and continued for 7 days with use of a metal gavage
probe.

Measurement of Uterine Myoelectrical Activity

The recording of the uterine myoelectrical activity was con-
ducted with a BIOPAC MP100 A-CE data acquisition system
(Goleta, CA) (model MP100; version 3.7.2) with a 1000 pre-
amplifier gain (this preamplifier gain was compensated later
through soft processing) and a sampling frequency of 500 Hz.
Twelve days after the ovariectomy or sham surgery, each rat
underwent laparotomy and bipolar electrodes subserously
implanted into the uterine horn with 1-cm interelectrode
spacing.

The reference electrode was placed on the left leg of the
rat. Immediately after the replacement of electrodes, the
uterine electrical activity was recorded for at least 3 minutes
under anesthesia. After the recordings were successfully
made in all 36 rats, the parametric measures were achieved
through soft processing for each record. For each group,
a segment of these biological signals that contains at least
a contraction period is presented to show the temporal
and spectral characteristics of the uterine myoelectrical
activity.

Signal Preprocessing

The recorded biological signals from the uterus of the
rats were found to be nonstationary signals and included
at least three patterns of waves in general: a multicomponent
nonstationary fast wave or burst wave (the contraction),
the envelope of burst potentials (the contraction size), and
the spontaneous or unformatted wave portion between
two bursts termed as space (the silent phase between
contractions).
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As a general rule, most of the content of a signal remains in
the 2s (standard deviation) range. Therefore, in the recorded
signals the energy spikes with amplitudes exceeding 2s of the
signal were considered to be artifacts because they were quite
random and limited the signal’s spectral resolution; they were
replaced by those with amplitudes of 2s to improve the sig-
nal’s accuracy.

The analysis was conducted in both time and frequency do-
mains. The transformation of the signal-to-frequency domain
was carried out by the well-known fast Fourier transform.
The spectral content of the signals from 0.01 to 1.2 Hz, which
is the dominant area of manipulation by the hormone treat-
ment and the most pronounced spectrum segment throughout
the literature, was assessed.

Further, wavelet analysis, which has been used as an effi-
cient method for investigating the local characteristics of
the nonstationary signals, was done on the signal. Among
various mother wavelets, the Morlet wavelet was chosen
since it is simple and well suited to the spectral estimation
of biological signals.

The Morlet wavelet is simply the product of a complex si-
nusoidal wave at frequency f with a Gaussian bell shape curve
function centered at time t and a standard deviation s propor-
tional to the inverse of the scale f. Even though wavelets are
limited by dilation effects and the choice of the wavelet type
for particular applications, the signal phase is retained, which
may be exploited to obtain time lag–related information sub-
sequent to biological activity.
RESULTS

The overall pattern of recorded uterine electrical activity was
nonstationary, and the periodicity of rhythmic events varied
considerably even during the course of the same experiment.
The rhythmic spontaneous electrical bursts, whose envelope
or initiator may be considered slow waves probably accom-
panied by contractions that appeared as intraluminal pressure
and axial force, were observed to be fairly regular and of
spike potentials, whereas the quiescence between two bursts
was observed to be only a nonrhythmic or unformatted elec-
trical signal.

Some parameters of the recorded electrical activity were
measured and presented in Table 1, whereby a cross-compar-
ison analysis became possible. Moreover, a segment of the
myoelectrical activity delivered by a subject in each group
was used as a sample signal. The 1–15 Hz filtered part (a sec-
ond-order Butterworth filter was used) shows the burst poten-
tial’s outline, and its 0–1.2 Hz spectrum shows the effect of
each drug on the spectrum (see Figs. 1–6).

Table 1 shows the overall effects of hormonal drugs such as
E, P, and hCG on the whole uterine electrical signal. The
burst/contraction periods remained almost comparable (30
ms) for sham-operated subjects as well as for OVX subjects
that were administrated/biased with P, E, and hCG. In unbi-
ased OVX subjects, these periods radically decreased, but
they increased for subjects with both E and P.

The quiescent phase between two bursts remained compa-
rable (40 ms) for sham and unbiased OVX subjects, but
TABLE 1
The measured parameters of the uterine contractions in average basis.

Sham-operated
(control group)

Ovariectomized
group P E E and P hCG

Mean record time,
seconds

140 154 204 256 188 152

Mean burst period,
seconds

30 18 31 30 42 34

Mean silent period,
seconds

40 42 78 81 100 70

Mean signal power, W 9.313 2.45 1.423 2.38 2 2.357

Mean burst power, W 72.8 14.11 22.57 49.4 42.17 86.87

Mean space power, W 22.5 14.53 2.51 8.2 2.53 4.64

Mean SD 180.55 100.2 85.19 123.435 97.12 94.65

Mean slow-wave
frequency, Hz

0.0143 0.0167 0.0092 0.0090 0.0070 0.0096

Mean mark to space
time ratio

0.75 0.43 0.397 0.37 0.42 0.485

Mean mark to space
power ratio

3.2 0.97 8.9671 6.02 16.64 18.75

Celik. Uterine myoelectrical signals. Fertil Steril 2008.
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interestingly it almost doubled for OVX subjects biased with
P as well as with E. For OVX subjects biased with both E and
P, this phase extended to 100 seconds, but for subjects biased
with hCG it was found to be approximately 70 seconds. Fur-
thermore, the mark to space time ratios for OVX subjects
were more or less analogous, but for sham-operated subjects
they had much higher values compared with the OVX ones.

The mean burst power dramatically decreased in the unbi-
ased OVX subjects (see Table 1). As OVX subjects were bi-
ased with hormonal drugs, the burst power increased, and,
interestingly, for hCG, it drastically increased to 86.87 W.
The space mean power in contrast significantly decreased
as the OVX subjects were biased with drugs. Consequently,
the mark to space power ratios for hormone-biased subjects
increased.

The variability of the signal that was measured by SD has
reduced with ovariectomy and was even more reduced for P-
administrated subjects. It was also observed that the contrac-
tion frequency was reduced in subjects biased with P, E, and
hCG (typically around 0.0090 Hz) and much reduced in
subjects biased with both E and P.

Figure 1 shows a segment of the electrical activity counting
two bursts/contractions of the uterus from a sham-operated
rat. The upper pattern in the upper panel shows the whole sig-
nal, whereas the next one in the same panel is the zoomed
leading burst, which is marked by a solid line. The second
panel shows the 1–15 Hz frequency band signal. Our goal
in designing such figures was to show the effect of E, P,
and hCG on the characteristic structure of the uterine myo-
electrical signal, particularly on the pattern of contraction
bursts and the lower-frequency band in which much of the
effects of hormonal drugs have been shown.

As seen from upper panel, the burst signal is in the format
of a train of almost regular pulses whose frequency range
from about 1 to 15 Hz. From the spectral point of view,
the dominant content of the whole signal remained under
FIGURE 1

The selected sample wave from our experiment delivered by sham-operated subjects as the control group. The
top panel shows the recorded signal and the localized burst signal (solid line). The second panel shows the 1–15
Hz pattern of the burst signal (contractions). The third panel shows the time-frequency scheme of the signal,
and the last panel shows the low-frequency spectral power density of the signal.
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1 Hz., as in the bottom panel in the figure. The high frequen-
cies were of comparatively low amplitude, but these also
need to be characterized.

Similar figures, in the same format, show the electrical ac-
tivity of the uterus of the remaining unbiased and hormone-
biased OVX rat groups. As seen from Figure 2, the temporal
characteristic of the whole uterine electrical signal from an
unbiased OVX subject particularly within the burst period be-
came more evident. In this case, the pulse train involved in
the burst energy was in a more regular form and not buried
behind spontaneous pulses generated by the effect of
hormones.

Unfortunately, this amount of accuracy of burst signal was
not observed for all the subjects belonging to the same group.
As seen from the figure, the intensive part of the spectral con-
tent of the signal was concentrated around 0.2 Hz (0.1–0.3
Hz), whereas the amplitudes of other harmonics were com-
paratively low. The high-frequency range of the spectrum
might be interesting; this needs to be examined.
The effect of P on the uterine electrical signal is depicted in
Figure 3. In this case, the contraction rate trimmed down to
0.0092 Hz on average, as shown in Table 1. The burst/con-
traction signal, which was in the form of a pulse train, either
became irregular in amplitude or some intensive spontaneous
pulses could have been generated by P and loaded on the sig-
nal, mainly in the contraction phase, as in the upper panel of
the figure.

This effect was observed very explicitly in the spectral
content of the signal as a significant elevation in the spectral
peaks concentrated around the 0.9 Hz frequency range. This
is marked by an arrow. The 0.2 Hz frequency, which was
shown by unbiased OVX subjects, diminished compared
with the 0.9 Hz range. However, P caused the signal’s power
to decrease significantly in the overall signal.

In the same manner, the effect of E on the uterine electrical
signal is shown in Figure 4. The burst rate became 0.0090 Hz
as in the case of OVX subjects biased with P. The burst signal,
that is, the pulse train, became even more irregular in
FIGURE 2

The selected sample wave from our experiment delivered by unbiased OVX subjects as the second control
group. The top panel shows the recorded signal and the localized burst signal (solid line). The second panel
shows the 1–15 Hz pattern of the burst signal (contractions). The third panel shows the time-frequency scheme
of the signal, and the last panel shows the low-frequency spectral power density of the signal.
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FIGURE 3

The selected sample wave from our experiment delivered by OVX subjects biased with P. The top panel shows
the recorded signal and the localized leading burst signal (solid line). The second panel shows the 1–15 Hz
pattern of the burst signal (contractions). The third panel shows the time-frequency scheme of the signal,
and the last panel shows the low-frequency spectral power density of the signal.

-1000

-500

0

500
M

ic
ro

vo
lts

-200

0

200

0.2 0.4 0.6 0.8 1 1.2

50
100
150
200
250

Frequency (Hz)

M
ic

ro
w

at
ts

-500

0

500

5 10 15 20 25 µV

Time (sec)

F
re

qu
en

cy
 (

H
z)

20 40 60 80 100 120 140 160 180 200
0.05

0.25

0.5

0.75

1

Ovx subject biased with P

Burst signal

Time-frequency

Signal's spectrum

Celik. Uterine myoelectrical signals. Fertil Steril 2008.
amplitude and frequency (Fig. 4). In addition to numerous
low-amplitude harmonics distributed over a wide frequency
band, the signal’s spectrum predominantly peaked around
0.35 Hz (marked by an arrow). This seems to be a character-
istic spectral parameter caused by E as it was at 0.9 Hz for P.

Similarly, the effect of E plus P was investigated (Fig. 5).
In this case, the average frequency of the contractions de-
cayed down to 0.0070 Hz. The pulses within the burst signal
turned out to be fairly regular but with much higher peaks.
Besides the lower frequencies, the spectral content of the sig-
nal was concentrated at about 0.3 and 0.9 Hz, which could be
due to E and P, respectively, as occurred for E- and P-biased
subjects. In this case the 0.2 Hz was also diminished.

In Figure 6, the same scenario is repeated for OVX subjects
biased with hCG. Some irregular pulses were generated in the
contraction period, and the contraction frequency also de-
creased to 0.0096 Hz. The average amplitude of the time do-
main uterine signal decayed, and the spectral content of the
signal dramatically peaked at about 0.7 Hz. This particular

Fertility and Sterility�
frequency also seems to be a characteristic spectral parameter
for hCG.

These results show that P, E, and hCG down-regulate the
power and contraction frequency of the uterine electrical sig-
nal. In addition, the spectral concentrations occurred around
the 0.9, 0.35, and 0.7 Hz frequency ranges, which were con-
sidered to be distinguishing characteristics for P, E, and hCG,
respectively. The wavelet-based time-frequency schemes
showed that the energy within the uterine signal is in the for-
mat of the nonstationary time signals and particularly that the
burst periods contain higher frequencies, which needs to be
further analyzed for better understanding.

DISCUSSION

Despite progress in understanding the mechanism of uterine
smooth-muscle contraction, the potential to identify and treat
possible dyskinetic changes in uterine contractility, particu-
larly in women suffering from infertility, is still limited (8).
We studied the myoelectrical activity of the OVX uterine
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FIGURE 4

The selected sample wave from our experiment delivered by OVX subjects biased with E. The top panel shows
the recorded signal and the localized lagging burst signal (solid line). The second panel shows the 1–15 Hz
pattern of the burst signal (contractions). The third panel shows the time-frequency scheme of the signal,
and the last panel shows the low-frequency spectral power density of the signal.
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horn of nonpregnant rats. The gross effects of hormonal drugs
such as E, P, and hCG on the whole uterine electrical signal
were quantified (Table 1). The characteristic patterns of burst
potentials generated during the spontaneous contractions as
well as the low-frequency spectral content of uterine electri-
cal signal were presented and analyzed for both unbiased and
drug-biased subjects.

Our experimental results showed that the mean contraction
time in the uterine signal obtained for OVX subjects indepen-
dently biased with P and E remains almost the same as the
contraction time found for sham subjects. While this term de-
creased for unbiased OVX subjects, it increased for subjects
biased with both E and P and with hCG. The quiescent or
space periods for OVX subjects biased with drugs were
very prolonged compared with those unbiased OVX subjects.

From the power perspective, the mean burst/contraction
power dramatically decreased in unbiased OVX subjects
(e.g., 14.11 Won average) compared with sham-operated sub-
jects. Interestingly, the burst power more or less doubled for

194 Celik et al. Uterine myoelectrical signals
OVX subjects biased with P and tripled for OVX subjects bi-
ased with E and with both P and E compared with the unbiased
OVX control group. In hCG-biased subjects, the burst power
increased to 86.9 W. On the other hand, the mean power in qui-
escent periods of drug-biased OVX groups was measured to
be below that in the unbiased OVX control group.

These findings, particularly the reduction in the power of
the quiescent periods, are in line with much of the literature
that we have scanned on this topic. For instance, it has
been reported that spontaneous contractile activity was less
pronounced in uterine strips from postmenopausal women
than in those from premenopausal women (21). From this
standpoint, the reduction in power density of the uterine sig-
nal in unbiased OVX subjects could be due to ovariectomy.

Functional evidence in animals and humans supports the
idea that P treatment inhibits uterine myoelectrical activity
(22, 23) and prevents the normal increase in Ca2þ channel ex-
pressions that are observed during pregnancy (24). The gap
junction protein Cx43 expression, at least in rats, is clearly

Vol. 89, No. 1, January 2008



FIGURE 5

The selected sample wave from our experiment delivered by OVX subjects biased with E and P. The top panel
shows the recorded signal and the localized leading burst signal (solid line). The second panel shows the
1–15 Hz pattern of the burst signal (contractions). The third panel shows the time-frequency scheme of
the signal, and the last panel shows the low-frequency spectral power density of the signal.
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inhibited by P (15, 16). Uterine contractions decrease
throughout the luteal phase, which suggests that P has a neg-
ative effect on uterine contractility (8).

In contrast to P, E’s effect on uterine myoelectrical activity
with regard to whether it inhibits or stimulates contractility is
obscure. Verhoeff et al. (13) have reported that a single dose
of 17b-estradiol induces the formation of myometrial gap
junctions in oophorectomized ewes. According to Lye and
coauthors (25), 17b-estradiol affects uterus contractility di-
phasically: first it is inhibiting, and then it is stimulating. Es-
trogens have been shown to hyperpolarize smooth muscles by
activating the outward Kþ current (26) and thereby suppress
spontaneously generated muscle contractions (and so the
burst power).

Estrogen also inhibits Ca2þ entry (27, 28) and Kþ channels
in smooth-muscle cells from pregnant rat myometrium (29).
These findings validate the results of the present study.
Ayoubi et al. (30) showed similar uterine contraction
frequencies at the end of the follicular phase of menstrual
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and IVF cycles. Their data have indicated a marked increase
in E2 level in IVF, but this increase did not further stimulate
contractions (30).

Our results showed that subjects biased with E and P had
longer burst and quiescent periods and a low quiescence
power than with P alone. This confirms Kuriyama and Suzu-
ki’s findings that the state of electrical activity is determined
by the most recently given hormone in rats that were treated
with E and P sequentially (10).

The deviations from the mean value measured by SD dem-
onstrated that on average sham subjects (SD ¼ 180.55) are
more erratic than OVX subjects (SD ¼ 100). While E in-
creased the SD, P, and hCG, E together with P decreased
the SD of the uterine signal. Thus, the SD or variance of
the electrical activity of the uterus seems to have a direct
correlation to the uterine contraction dynamics.

We also determined the repetition rate of bursts. It was
observed that the frequency of bursts, that is, contractions,
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FIGURE 6

The selected sample wave from our experiment delivered by OVX subjects biased with hCG. The top panel
shows the recorded signal and the localized leading burst signal (solid line). The second panel shows the 1–15 Hz
pattern of the burst signal (contractions). The third panel shows the time-frequency scheme of the signal,
and the last panel shows the low-frequency spectral power density of the signal.
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dramatically decayed down to 0.0070 Hz with an increase in
irregularity as subjects were administered drugs. Throughout
the literature, it has been found that in the cardiac muscle of
OVX rats an increase in the sensitivity of contractile elements
to Ca2þ could be stopped by exogenous E2 (31). Bulletti et al.
(8) showed that in the menstrual cycle the E-treated uterine
contraction frequency is around 5/minute, but it is reduced
to below 2.5/minute for the uterus exposed to P.

Studies have shown that hCG can directly regulate the
functions of several nongonadal reproductive tissues (32,
33). Myometrium is one of the nongonadal reproductive tis-
sues that contain hCG receptors (12). A recent study suggests
that hCG could be a uterotropic hormone that maintains my-
ometrial quiescence until labor (17). During labor, the num-
ber of myometrial hCG receptors is low compared with that
during no labor in term or preterm pregnancies (34).

Exogenous hCG can cause myometrial cells to increase in
both size and population (35) and can inhibit oxytocin-stim-
ulated myometrial contractions (18). Our study demonstrated
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that hCG is one of the hormones that can maintain uterine
quiescence by increasing the silent period and decreasing
the signal power in this period.

From the physiological state, Cajal-like interstitial cells
have been described outside the gastrointestinal tract. Evi-
dence of the presence of a Cajal-like cell population in the
myometrium (36, 37) has also been reported. One possible
source of the uterine slow waves therefore may be the Ca-
jal-like cells of myometrium. Interstitial cells of Cajal gener-
ate spontaneous myoelectrical slow wave and thereby initiate
the electrical activity of smooth-muscle cells (38).

However, Duquette’s electrophysiological study (37) did
not support a role for the Cajal-like cells as generators of
slow waves within the myometrium. Thus, the slow-wave ac-
tivity exhibited by the myometrium remains an inherent prop-
erty of the smooth-muscle cells and needs to be further studied.

From the spectral point of view, it is interesting that P, E,
and hCG were exhibited at high spectral concentrations
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around, respectively, 0.9, 0.35, and 0.7 Hz. Based on these re-
sults, this seems to be a distinguishing characteristic of P, E,
and hCG. But these original results still need further investi-
gation. If this is the case, by observing the spectral content of
the uterine electrical signal a professional may estimate the
particular drug that was given to the subject.

The wavelet time-frequency schemes, on the other hand,
revealed that these particular spectral concentrations are not
continuous in time and predominantly emerge in the burst
(contraction) phases. The spectral concentration around 0.2
Hz, which is detected for unbiased OVX subjects, is also
not continuous and emerged in silent (quiescent) phases.

In conclusion, our results are consistent with those of pre-
vious studies that show a relationship between exposure to E,
P, or hCG and the inhibitory effects of these hormones on in
vivo uterine myoelectrical parameters (10, 14, 17). Moreover,
it is demonstrated that the uterine contraction rate could be
decreased with exogenous administration of E, P, and hCG.
This confirms the utero-relaxing effects of E, P, and hCG
in the myometrium of nonpregnant OVX rats that were
previously mentioned.

Consequently, the uterine contraction parameters change
by hormone administration. This change may be attributed
to genomic and nongenomic effects of E2, P, and hCG and
the interactions of these hormones.

Other parameters such as burst power, space power, and
the mark to space power ratio together with an understanding
of uterine wave generators could give better insight into the
mechanism of uterine contraction. The characterization of
different uterine contraction parameters after distinct hor-
monal application may help the physician in better manage-
ment of IVF patients.

Thus, management of silent period and space power with
sex steroids may increase IVF success rates. What is more,
individual or combined use of E, P, or hCG favors quiescence
of the uterine muscles in the luteal phase and so supports
maintenance of pregnancy. Nevertheless, further human stud-
ies are warranted to put this important observation into
practice.
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