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results and the review of literature indicate that
uterine peristalsis during the follicular phase of the
menstrual cycle is controlled by oestradiol released
from the dominant follicle with the probable
involvement of oxytocin, which is presumably
stimulated together with its receptor within the
endometrial-subendometrial unit and therefore act-
ing in an autocrine/paracrine fashion. Since unphysio-
logical stimulation with oestradiol and oxytocin did
not significantly increase the frequency of uterine
peristalsis in the late follicular phase of the cycle it is
assumed that normal preovulatory frequency of
uterine peristalsis is at a level which cannot be
significantly surpassed due to phenomena of refrac-
toriness of the system.

Uterine peristalsis, directing sustained and rapid
sperm transport from the external cervical os or the
cervical crypts to the isthmic part of the tube
ipsilateral to the dominant follicle, changes in
direction and frequency during the menstrual cycle,
with lowest activity during menstruation and highest
activity at mid cycle. It was therefore suggested that
uterine peristalsis is under the control of the dominant
follicle with the additional involvement of oxytocin. To
test this hypothesis, vaginal sonography of uterine
peristalsis was performed in the early, mid and late
proliferative phases, respectively, of cycles of women
treated with oestradiol valerate and with human
menopausal gonadotrophin following pituitary
downregulation, with clomiphene citrate and with Key words:oestrogen/oxytocin/sperm transport/uterine
intravenous oxytocin, respectively. Administration of  peristalsis

oestradiol valerate resulted in oestradiol serum
concentrations comparable with the normal cycle with
a simulation of the normal frequency of peristaltic
contractions. Elevated oestradiol concentrations and Passive sperm transport through the female genital tract is
bolus injections of oxytocin resulted in a significant under the endocrine control of the dominant follicle not
increase in the frequency of peristaltic contractions in  only with respect to the level to which spermatozoa are
the early and mid follicular phases, respectively. transported, but also with regard to the direction in which
Chlomiphene tended, though insignificantly so, to such transport occurs (Kuet al, 1996, 1997). Oxytocin
suppress the frequency of peristaltic waves in the and prostaglandins most likely act as mediators in this
presence of elevated oestradiol concentrations. In the system of coordinated uterine contractions (Eliasson and
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Posse, 1960; Heiat al, 1973; Karim and Hillier, 1973; Depot]; Ferring Arzneimittel GmbH) according to the
Fuchset al, 1985; Takemurat al, 1993; Lefebvret al, long protocol (Leyendeckeet al, 1990). VSUP was
1994a,b; Zingget al, 1995). Furthermore, the specific performed on days -5, —3 and —1 of human chorionic
architecture of the myometrium plays a significant role igonadotrophin (HCG) administration, respectively.

this regard (Werth and Grusdew, 1898; Wetzstein, 1965; A group of womenr{ = 46) whose uterine peristaltic
Noe et al, 1998). However, the exact mechanisms thaictivity during the follicular phase of the cycle had been
govern this system of directed rapid sperm transpodocumented previously (Leyendecletial, 1996) served
remain to be elucidated. as controls for studies 1-3.

In this study, we examined the effects of exogenouStudy 4: Nineteen women received 3 IU of oxytocin
administration of oestrogen and antioestrogen, of supraphigyntocinonl; Sandoz AG, Nirnberg, Germany) as an i.v.
siologically increased concentrations of oestradiol duringolus in the early follicular phase£ 4), mid follicular =
cycles of ovarian hyperstimulation, and of oxytocin on th®) and late follicular phases £ 6), respectively, of normal
peristaltic activity of the uterus during the proliferative phasenenstrual cycles. VSUP was performed during 5-min
of the cycle. periods immediately before and after oxytocin administra-
tion. Thus, the women in the oxytocin study served as their
own controls.

On the days of VSUP, blood samples were obtained for
Patients and volunteers the determination of the respective serum oestradiol con-

A total of 108 women (mean age 30 years; range 22—4gntrations.

years) entered this study after providing their infformed . , ,
consent. Vaginal sonography of uterine peristalsis (VSUP)

Assessment of uterine peristalsis

_ VSUP was performed with a 7.5 MHz probe (Sonoline
Study design SI-45; Siemens, Erlangen, Germany). The probe was

Study 1. Thirteen women received daily, orally Placed in a position to provide a sagittal section of the
administered oestradiol valerate (Progyridy&chering Whole uterus and was maintained in a fixed position over a
AG, Berlin, Germany) following pituitary downregulation Period of 5 min. The whole scan was videotaped for
with triptorelin (Decapeptyl-Depit; Ferring Arzneimit- quantitative assessment of uterine peristalsis, the tape
tel GmbH, Kiel, Germany) treatment during the mid-luteaP€ing replayed at>6regular speed in order to estimate
phase of the preceding cycle. Oestradiol valerate wa§ecisely the frequency of the contraction waves. This also
administered at doses of 4 mg for days 1-3, 6 mg for d?}gcilitated determination of the wave direction (cervico-
4-9, and 8 mg for days 10-15 in order to prepare tHendal versus fundocervical peristalsis).

endometrium for embryo transfer following cryopreserva-
tion of pronuclear (PN) state oocytes. Vaginal sonograpH_’
of uterine peristalsis (VSUP) was performed on days 2—@estradiol-1B concentrations in serum were measured
7-9 and 12-13, respectively. using a commercially available enzyme immunoassay
Study 2: Ten women received 100 mg of clomiphenesystem.

citrate (Dyneri€]; Marion Merrel Dow GmbH, Russel-

sheim, Germany) on days 5-9 of the cycle. Clomiphengtatistical analysis

citrate was administered to stimulate the ovaries angkatistical analysis was performed with Studettésst.
endometrium for embryo transfer following cryopreserva-

tion of PN state oocytes. VSUP was performed on days, . . . .

5-7, 10-13 and on day 15 of the cycle, respectively. ffepts of ovarian stimulation and oxytocin on

Study 3: Twenty women received supraphysiologicalu'[erlne peristalsis

guantities of endogenous oestradiol in cycles of ovariahhe results of the studies are presented in Figures 1-4 and
hyperstimulation for artificial reproductive technology.Tables |-V, respectively. Follicular diameters and serum
The women were treated with human menopausakstradiol concentrations, as well as the frequency of the
gonadotrophins (HMG) (Menogah Ferring Arzneimittel uterine peristalsis, during the early, mid and late follicular
GmbH, Kiel, Germany) at mean daily doses of 225 |U ophase of the control cycles are shown in Table V.

follicle stimulating hormone (FSH) and 225 IU of Study 1: Oestradiol valerate administration resulted in
luteinizing hormone (LH), respectively, following pitu- oestradiol serum concentrations similar to those of the
itary downregulation with triptorelin (Decapeptyl- normal proliferative phase of the menstrual cycle (Figure

rmone measurements
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Figure 1. Graphical demonstration of the frequency of the subendometrial uterine peristaltic waves during the early, mid andilate follic
phases, as determined by vaginal ultrasonography (In8&M contractions/min) during the normal menstrual cycle and in women receiving
an daily oral dose of oestradiol valerate following downregulation with a GnRH analogue. The relative distribution of ficativeesus
cervicofundal contractions during these different phases of the cycle is also shown.
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Figure 2. Graphical demonstration of the frequency of the subendometrial uterine peristaltic waves during the early, mid andilate follic
phases, as determined by vaginal ultrasonography (In8&M contractions/min) during the normal menstrual cycle and in women receiving
daily oral doses of 100 mg clomiphene citrate from days 5-9. The relative distribution of fundocervical versus cervicoftaatadm®during
these different phases of the cycle is also shown.
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Figure 3. Graphical demonstration of the frequency of the subendometrial uterine peristaltic waves during the early, mid andilate follic
phases, as determined by vaginal ultrasonography ®BM contractions/min) during the normal menstrual cycle and in women treated with
human menopausal gonadotrophin (HMG) for ovarian superovulation. The findings in the normal cycles and in the treatmemecymies

lated on the basis of the sizes of the dominant and leading dominant follicle, respectively. The relative distributioreofitelde@rsus cervi-
cofundal contractions during these different phases of the cycle is also shown.
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Figure 4. Graphical demonstration of the frequency of the subendometrial uterine peristaltic waves during the early, mid andilate follic
phases, as determined by vaginal ultrasonography (tn8&M contractions/min) during the normal menstrual cycle before and immediately
after an i.v. bolus injection of 3 1U of oxytocin. Injection of normal saline alone had no effect (not shown). The reabiuéatisof fundocervi-

cal versus cervicofundal contractions during these different phases of the cycle is also shown.

1; Table 1). The frequency of peristaltic waves duringhormal mid follicular phase, but only at this stage did the
oestradiol treatment increased in parallel with that dfequency of peristaltic waves significantly surpass those
normal cycles. At days 7-9 of treatment, serum oestradiof normal cycles.

concentrations were significantly higher than those of the



Table I. The diameter of the dominant follicle and serum con-
centrations of oestradiol and progesterone during the early,
mid and late follicular phase in patients with vaginal sonogra-
phy of uterine peristalsis during oestradiol valerate treatment.
Values are means + SD.

Phase of cycle n Follicular Serum Serum
diameter oestradiol progesterone
(mm) (pg/ml) (ng/ml)

Early follicular 13 - 83+37 0.3+0.3

Mid follicular 13 - 142 + 59 0.4+0.35

Late follicular 13 - 229 +188 0.3+0.25

Table 1l. The diameter of the dominant follicle and serum con-
centrations of oestradiol and progesterone during the early,
mid and late follicular phase in patients with vaginal sonogra-
phy of uterine peristalsis during clomiphene citrate treatment.
Values are means + SD.

Phase ofcycle n Follicular Serum Serum
diameter oestradiol progesterone
(mm) (pg/ml) (ng/ml)

Early follicular 10 <10 12+7 04+04

Mid-follicular 10 13+0.7 179 + 110 05+0.3

Late follicular 10 2014 567 + 364 0.6+0.5

Table Ill. The diameter of the dominant follicle and serum con-
centrations of oestradiol and progesterone during the early,
mid and late follicular phase in patients with vaginal sonogra-
phy of uterine peristalsis during gonadotrophin treatment. Val-
ues are means + SD.

Phase of n Follicular Serum Serum

cycle diameter oestradiol progesterone
(mm) (pg/ml) (ng/ml)

Early follicular 20 <11 119 + 43 Not measured

Mid follicular 20 13+1.2 571 + 485 Not measured

Late follicular 20 19+1.8 1435 + 1156  Not measured

Table IV. The diameter of the dominant follicle and serum con-
centrations of oestradiol and progesterone during the early,
mid and late follicular phase in patients with vaginal sonogra-
phy of uterine peristalsis during a bolus injection of oxytocin.
Values are means + SD.

Phase of n  Follicular Serum Serum

cycle diameter oestradiol progesterone
(mm) (pg/ml) (ng/ml)

Early follicular 4 <10 39+28 0.8+0.5

Mid follicular 9 14+3.4 89+ 76 0.3+0.2

Late follicular 6 19+0.8 142 + 114 26+22
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Table V. The diameter of the dominant follicle and serum con-
centrations of oestradiol and progesterone during the early,
mid and late follicular phase of the normal cycle in healthy
patients. Values are means + SD.

Phase of cycle n Follicular Serum Serum
diameter oestradiol progesterone
(mm) (pg/ml) (ng/ml)

Early follicular 14 <11 28+13 05+05

Mid follicular 22 14+16 63 +31 04+03

Late follicular 10 1814 175+ 107 0.9+1.09

Study 2: Stimulation of ovarian function with clomiphene
citrate led to a supraphysiological increase in serum oestra-
diol concentrations which were significantly higher than
those of the normal cycle and approximately 3-fold those in
the late follicular phase (Figure 2; Table II). Peristaltic
frequencies of normal cycles and following clomiphene
citrate treatment were not significantly different. It was
noted, however, that in the face of significantly increased
oestradiol concentrations in the late follicular phase, peris-
taltic frequency tended to be lower in clomiphene citrate
cycles as compared with normal cycles.

Study 3: Stimulation of ovarian function with HMG in an
in-vitro fertilization (IVF) protocol resulted in supraphy-
siological concentrations of serum oestradiol (Table III)
that differed significantly from those of normal cycles, as
they were compared on the basis of the diameters of the
dominant (in normal cycles) and leading (in stimulated
cycles) follicles, respectively. The respective frequencies
of peristaltic contractions differed significantly between
normal and HMG-stimulated cycles during the early and
mid follicular phases, but noP(= 0.06) during the late
follicular phases.

Study 4: In healthy women with normal menstrual cycles,
an i.v. bolus of 3 IU of oxytocin resulted in an abrupt and
significant increase in the frequency of the peristaltic con-
tractions during both the early and mid follicular phases of
the cycle. The increment in frequency of contractions in the
late follicular phase was not significant (Figure 4; Table
IV). It should be noted that, in the uterine peristaltic activity
that increased following an oxytocin bolus, only the suben-
dometrial myometrium was involved. Bolus injections of
placebo had no effect (data not shown).

In the early and mid follicular phases of the cycle, supra-
physiological serum concentrations of oestradiol or the
administration of oxytocin resulted in significant increases
in the frequency of uterine peristaltic contractions. How-
ever, this increase was not significant in the late follicular
phase, the mean frequency being similar (3.3 contractions/
min) after either treatment (Figures 3 and 4).
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Activity and regulation of uterine peristaltic in the endometrium favours the view that oxytocin, being
activity functionally effective in the uterus, is produced locally
rather than in the central nervous system (Zieg@l,

Uterine peristaltic activity increases with the progressioﬂmg%)- _ o )
of the follicular phase (Lyonst al, 1991; Kunzet al, However, ovarian oxytocin might also play a role in the
1996; Leyendeckeet al, 1996). In women rendered control of uterine peristalsis, at least at mid cycle, in
hypogonadal following the administration of a |0ng_actin@ddition to assumed ovarian paracrine effects (Einspanier
gonadotrophin releasing hormone (GnRH) analogue tHd al, 1995; Furuyaet al, 1995). Synthesis and release of
administration of oestradiol valerate—in simulating thdollicular oxytocin is sharply increased following the onset
increase of oestradiol in blood during the follicular phas8f the LH surge or the administration of HCG (Schaefter
of the cycle—resulted in a pattern of uterine peristalsis that-» 1984; Ivelletal, 1985; Tjugunet al, 1986; Peekt al,
was similar to that of the normal follicular phase (Figure 1)1987; Fortune and Voss, 1993). In hysterosalpingoscinti-
While the administration of an antioestrogen appeared g&aphy (Kunztal, 1996), following the administration of
attenuate the effects of oestradiol on uterine peristalsgytocin in the mid-follicular phase of the cycle, the ascent
(Figure 2), peristaltic activity was dramatically increase®f inert particles within the uterine tract is dramatically
by unphysiologically elevated oestradiol concentrationg@nhanced (Wildet al, 1998). Thus, follicular oxytocin
during HMG administration (Figure 3). Thus, the datould further stimulate directed sperm transport around the
presented clearly indicate that uterine peristalsis during thgne of ovulation. The increase in frequency of peristaltic
follicular phase of the menstrual cycle is controlled byvaves atmid cycle, however, was not significant following
oestradiol secreted from the dominant follicle. the injection of oxytocin (Figure 4). It appears that, at mid
Uterine peristaltic activity only involves the stratum subcycle, spontaneous uterine peristaltic frequency has
vasculare of the myometrium and not the other layers, tfigached a level which cannot be surpassed significantly by
stratum vasculare and supravasculare (Birnholz, 1984; m@physiological stimulation, probably due to phenomena
Vrieset al, 1990; Lyonst al, 1991; Kunzt al, 1996). In such as refractoriness of the system (Figures 3 and 4).
contrast to those two outer layers (Neteal, 1999), the ~ OTR have been shown to be present in the human
stratum subvasculare shows a cyclic pattern of oestradig®n-pregnant uterus at a significantly lower concentration
receptor expression in that low levels are found during tié comparison with the pregnant uterus at parturition
early follicular and late luteal phases and high levels at m{@uchset al, 1985; Soloff, 1989). During the cycle, OTR
cycle (Lessewt al, 1988; Snijderst al, 1992; Noeet al, ~ concentrations (monitored by binding assays) were lowest
1999). It is therefore reasonable to assume that the cyclitmid cycle and highest at the end of the luteal phase and
activity of uterine peristalsis is functionally related to theduring menstruation (Maggiet al, 1992). Using
cyclically changing oestradiol receptor expression, as wdfhmunocytochemistry of OTR, similar results were
as to the changing oestradiol concentrations in blood. obtained during the cycle in marmoset monkeys
The stimulatory action of oestradiol on uterine contractEinspanieet al, 1998) and human myometrium (Fuehs
tility, however, is probably indirect and involves a cascadal., 1998). With regard to the longitudinal distribution of
of transcriptional events such as induced synthesis &fTR in the human non-pregnant uterus, highest
growth factors, enzymes, local hormones and receptoggncentrations were found in the fundal region of the
such as those for oxytocin (Katzenellenbogeal, 1979; uterus and intermediate concentrations in the isthmic
Cole and Garfield, 1989; Soloff, 1989; Batra, 1994; Zinggegion (Fuch&t al, 1985). With respect to the myometrial
et al, 1995). Our study demonstrates that oxytocin is ablayers, autoradiographical localization of oxytocin binding
to increase significantly the frequency of the peristaltisites in the myometrium could be demonstrated only in the
contractions (Figure 4). As the spontaneous contractitsuter longitudinal smooth muscle layer in the ovine
waves, those enhanced by exogenous oxytocin are caestrous cycle (Wallacet al, 1991). In the marmoset
fined to the stratum subvasculare of the myometrium andonkey, there was a small increase in OTR expression
do not involve the other myometrial layers. during mid cycle and a trend to a higher concentration in
It has been shown recently in rodents that oxytocin e inner part of the myometrium (Einspargeal, 1998).
produced in large amounts in the endometrium and thatWith respect to human endometrium, OTR expression
endometrial oxytocin (OT) and oxytocin receptor (OTR)ould be demonstrated in endometrial epithelium with
MRNA expression is highest at oestrous and is upregulateigihest values around ovulation, but not in the endometrial
by oestradiol (Zingget al, 1995). A quantitative analysis stroma (Takemurat al, 1993); this corresponded to data
of the production of oxytocin within the hypothalamus anabtained in the cycle of marmoset monkeys (Einspatier
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al., 1998). In rodents, endometrial MRNA for the OTR igpacemaker of cervicofundal contractions. In oestrous
highest during oestrus as well as during pregnancy andeges, oxytocin binding site concentrations were highest
upregulated by exogenous oestradiol and synergisticalyithin the inner dense collagenous cervix in comparison
by progesterone (Lefebviet al, 1994a,b; Zingget al, Wwith pregnant, ovariectomized or anoestrous animals
1995). The demonstration of OTR expression and that ¢¥atthews and Ayad, 1994). Since oxytocin was found to
the ligand in the same tissue and even in the same cell vi@ighulate prostaglandin 2Eoutput in vitro in bovine
interpreted as there being an autocrine/paracrine systé&@fvical tissue and since prostaglandini€ capable of
within the endometrium (Takemued al, 1993; Zingget ~ Softening cervical tissue (Fuchst al, 1996b), the
al., 1995). preovulatory softening of the cervix and widening of the
A functional effect of the endometrial oxytocin/OTR external cervical os in women may be an action of oxytocin

autocrine/paracrine system on the subendometrial myBediated by prostaglandinyEWith respect to sperm
metrium would involve mediators of oxytocin action suct@nsport, the softening of the cervical tissue allows the
as the prostaglandins. Uterine contractions elicited H§ETViX to be compressed at the moment of the initiation of a

oxytocin, at least in pregnancy, are believed to be ”nker&eristaltic wave in the cervicoisthmic region of the uterus.

with prostaglandin release (Soloff and Hinko, 1993; Fuch%permatozoa are thus squeezed out of the cervical crypts

. ; and the preovulatorily abundant mucus protrudes from the
etal, 1996b; Chauet al, 1997a). Prostaglandindwas cervix. This enlarges the contact zone between the mucus

shown to be increased in the myometrium of various ) -
. . . d a fresh ejaculate and optimizes sperm transport from
pregnant animals near term relative to the increase of O . . .
the vaginal depot as well as from the primary reservoir

(Soloff and Hinko, 1993; Fuchet al, 1996a) and their within the cervical crypts to the isthmic part of the tube

_concentratlon determlnes the magmt_u_de O_f _Oxyt_oc'qbsilateral to the dominant follicle (Kuret al, 1996, 1997).
induced prostaglandinf release. In addition, nitric oxide

synthase (NOS) has been identified in the human
myometrium and the glandular epithelium, but not in the
stroma of the endometrium (Telfet al, 1995, 1997), References
which suggests that nitric oxide may play a role in
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