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Sperm transport from the cervix into the tube is an
important uterine function within the process of
reproduction. This function is exerted by uterine
peristalsis and is controlled by the dominant ovarian
structure via a cascade of endocrine events. The uterine
peristaltic activity involves only the stratum subvascu-
lare of the myometrium, which exhibits a predominantly
circular arrangement of muscular fibres that separate at
the fundal level into the fibres of the cornua and continue
into the circular muscles of the respective tubes. Since
spermatozoa are transported preferentially into the tube
ipsilateral to the dominant follicle, this asymmetric
uterine function may be controlled by the ovary via
direct effects utilizing the utero-ovarian counter-current
system, in addition to the systemic circulation. To test this
possibility the sonographic characteristics of the uterine
vascular bed were studied during different phases of the
menstrual cycle. Vaginal sonography with the measure-
ment of Doppler flow characteristics of both uterine
arteries and of the arterial anastomoses of the uterine
and ovarian arteries (junctional vessels) in the cornual
region of both sides of the uterus during the menstrual
phase of regular-cycling women demonstrated signifi-
cant lower resistance indices of the junctional vessels
ipsilateral to the side of the dominant ovarian structure
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as compared with the corresponding arteries contralat-
erally. By the use of the perfusion mode technique, it
could be observed that vascular perfusion of the fundal
myometrium was significantly increased ipsilateral to
the dominant follicle during the late follicular phase of
the cycle. These results show that the endocrine control
of the dominant ovarian structure over uterine function
is not only exerted via the systemic circulation but also
directly, most probably utilizing the utero-ovarian
counter-current system.
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Introduction

There is experimental evidence that rapid and sustained
sperm transport through the female genital tract into the
tubes is provided by uterine peristaltic contractions (Lyons
et al, 1991; Kunzet al, 1996). Furthermore, by placing
labelled albumin macrospheres of sperm size at the exter-
nal os of the cervical canal and following their path through
the genital tract by means of hysterosalpingoscintigraphy
(Williams et al, 1993; Kunzet al, 1996), it has been
shown that sperm transport is preferentially directed into
the tube ipsilateral to the dominant follicle. Directed sperm
transport into the ‘dominant tube’ must be a genuine func-
tion of the uterus since, with labelled albumin macrosphere
experiments, inert particles were used, thus excluding
mechanisms such as chemotaxis as being responsible for
the accumulation of spermatozoa in the tube on the side of
expected ovulation.

The utero-ovarian mechanisms that govern directed
sperm transport are not understood. Most probably,
endocrine signals from the dominant follicle reach the
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uterus directly via the utero-ovarian counter-currentelocity waveforms of the arteries lateral to the cornual
system (Einer-Jensen, 1988) in addition to the systemiegions of the uterus were obtained, thus representing the
circulation. Such a direct access of signals from the ovagnastomoses between the uterine branches of the ovarian
to the uterus could cause a gradient of signal expressiarteries with the ovarian branches of the uterine arteries
within the uterine compartment and thus be responsible function vessels). After minimizing the angle between the
asymmetric uterine functions such as directed sperMoppler beam and the vessels, the Rl and blood flow
transport into the dominant tube. In order to examine thigelocities were determined as described above.

hypothesis, studies of the uterine vascular bed were

performed utilizing Doppler sonography and perfusiorperfusion mode technique

mode techniques. In order to demonstrate quantitatively the vascular
perfusion of the upper third of the fundal myometrium, the
perfusion mode technique was used (Sohn, J19B%e
range of perfusion was confined to a minimum of 2.2 m/s.
The data were quantified on the basis of visual impression
Patients of the perfusion and expressed as ipsilaterally or
contralaterally increased, or symmetrically distributed

Thirteen patients (mean age 29 years; range 23-41 yeaiffasound signs of vascularization in relation to the site of
entered the study. Each had a history of regular cycles agib qominant ovarian structure.

was suffering from andrological sterility. The studies were

performed in all 13 patients during the midfollicular (day 8.,,,..0ne measurements

of the cycle) and late follicular (days 12 and 13) phases, and

in 11 of the 13 patients during the midluteal phase (day 2derum concentrations of oestradiol and progesterone were
respectively, of the cycle. All patients gave their informedletermined with a commercially available radioimmuno-
consent. assay kit (Serono Diagnostics GmbH, Freiburg, Germany).

Sonographic analyses in regularly-cycling
women

Sonography Statistical analysis

All sonographic measurements were performed using So{atisticaél analysis was performed using Studeriest
7.5 MHz vaginal probe with colour and pulsed Dopplefnd thex test. Significance was assumed wker0.05.

facilities (Logiq 500; Kranzbihler, Solingen, Germany).
After_ each scan a venous .bIOOd sample was drawn \t%scular flow in different menstrual phases
monitor of serum concentrations of oestradiol, progester-

one and luteinizing hormone. Doppler sonography

Figures 1 and 2 summarize the findings obtained following
Doppler sonography Doppler sonography. The RI in the ascending branches of
After placing the probe in the dorsal fornix of the vaginathe uterine arteries did not show any significant side
each examination started with the assessment of tHéferences, although during the late follicular and
localization and size of the dominant ovarian structure. Thaidluteal phase of the cycles a tendency towards a lower
uterine arteries were then visualized lateral to the isthmicRll in the uterine arteries ipsilateral to the dominant ovarian
regions of the uterus, and a pulsed Doppler range gate v@ucture could be observed. However, a significantly
applied across the vessel after yielding a sagittal sectionlofver RI in the junction vessels ipsilateral to the dominant
the ascending branches of the uterine arteries. The anglearian structure could be demonstrated during the late
between the Doppler beam and the vessels approathedfbllicular and midluteal phases of the cycles and only just
The Doppler range was confined to a minimum velocity ofailed to become significantP( = 0.07) during the
2.2 m/s. After obtaining the flow velocity waveforms, themidfollicular phases as compared with the corresponding
resistance indices (RI) and the maximuWMin{y and vessels contralaterally. The RI of the junction vessels
minimum {/min) blood flow velocities of each uterine arteryipsilateral to the dominant ovarian structure were
were determined. The Rl were calculated from selected gosinificantly lower as compared with the RI of the
quality waveforms according to the formula: RI =ipsilateral uterine arteries during the mid- and late
VmaxVminfVmax Following these procedures, a transverséllicular phases and just failed to become significant
view of the fundal region of the uterus was adjusted and floduring the midluteal phase of the cyde< 0.07).
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Figure 1. Distribution of resistance indices (RI; mea®SEM) of the uterine arteries in relation to the phase of the cycle and to the site of the
dominant structure as judged from Doppler sonography. The RI in the uterine arteries decreased with progression of thetrasssivita
predominantly lower values obtained from the vessels ipsilateral to the dominant follicle and corpus luteum as comparedntitiiateral
arteries, though differences were not significant.
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Figure 2. Graphical indication of the resistance indices (RI; me8BM) in arteries that represent anastomoses between uterine branches of the
ovarian arteries and ovarian branches of the uterine arteries (junction vessels). During the late follicular and midasteditbbagycles,
significantly lower Rl in the junction vessels ipsilateral to the site of the dominant ovarian structure could be dememetiateared with the
contralateral vessels.

Perfusion mode technique Hormone measurements

Figure 3 summarizes the findings obtained followingAll women displayed ovulatory cycles as judged from
vaginal sonography using the perfusion mode technique.v&ginal sonography and measurements of hormone
significantly increased sonographic representation @foncentrations. The mean serum concentrations of
vessels in the fundal myometrium ipsilateral to the site gfestradiol and progesterone during different phases of the
the dominant follicle during the late follicular phases of thénenstrual cycles, as well as mean follicular diameters
cycles was found as compared with the contralatergduring the follicular phases of the examination cycles, are
myometrium. These side differences could also bghown in Table I.

obtained from the midfollicular and midluteal phases, but

failed to become significant. The asymmetry of thel_he ovarian control of uterine sperm transport

vascular perfusion in a patient during the midluteal phase P P
of the cycle with the corpus luteum in the right ovary iDirected sperm transport into the tube ipsilateral to the
shown in Figure 4. dominant follicle is not dependent upon the capability of
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Figure 3. Histogram showing the distribution of the vascularization of the fundal regions of the uteri during the menstrual cyales bfthme
perfusion mode technique. The extent of perfusion was related to the site of the dominant ovarian structure and desitaiteedl asdpeased
or contralateral increased or symmetrically distributed ultrasound signs of perfusion. Despite a tendency towards elesiatedfibe fun-
dal myometrium in relation to the site of the dominant ovarian structure being seen in all phases of the cycle, a siffeificaet\das only
seen in the late follicular phases.

Figure 4. Transverse view of the fundal myometrium using the perfusion mode technique during the midluteal phase of the cycla in a patie
with the corpus luteum located in the right ovary. The coloured structures within the myometrium are blood vessels. The ddthieasla-

tively increased perfusion ipsilateral to the corpus luteum as compared with the contralateral side can be clearly sgigrdarkeped red-
dish-coloured structure at the right corner is the left iliacal vein.

spermatozoa to move, or on mechanisms such as chemaod a specific stimulation that regulates this unilateral
taxis, but rather constitutes a genuine uterine functidiunction.

(Kunzet al, 1996). It is evident that directed sperm trans- It had been shown that rapid—and presumably also
port requires a specific morphological structure enablingustained—sperm transport through the female genital
the uterus to transport spermatozoa into one of the tubésct is provided by uterine cervicofundal peristalsis (Kunz
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et al, 1996). Uterine peristaltic activity is confined to thethe dominant follicle constitutes the primary signal for
stratum subvasculare (Birnholz, 1984; De Vretsal, uterine peristalsis. In this respect, oestradiol probably
1990; Lyonset al, 1991; Kunzet al, 1996), which is the induces a cascade of endocrine and paracrine events such
innermost layer of the muscular uterine wall (Wetzsteiras the upregulation of oxytocin mRNA in the endometrium
1965) and composed of muscular fibres with a predom{Zingg et al, 1995) which may result in an increased
nantly circular arrangement (Werth and Grusdew, 1898timulation of the underlying myometrium. In our own
Wetzstein, 1965). The stratum subvasculare is thstudies (Kunzt al, 1998), it could be demonstrated that
muscular component of the endometrial-subendometriakogenous oxytocin is able to increase the frequency of
unit or ‘archimetra’, of which the other components are thgeristaltic contractions during the follicular phase of the
endometrial stroma and the endometrial epithelium (Weriycle.

and Grusdew, 1898; Noet al, 1998). Being of  Exogenously administered oestradiol only simulates the
paramesonephric origin, the archimetra is phylogeneticaldmount of ovarian oestradiol that reaches the uterus
and ontogenetically the oldest part of the uterus (Werth aggstemically. A unilaterally enhanced peristaltic activity
Grusdew, 1898; Noet al, 1998). In humans, during responsible for directed sperm transport would require an
embryological development of the uterus, the primordiaddditional stimulus for peristaltic activity confined to this
archimetra is formed when the paramesonephric dudiggion of enhanced peristalsis and being superimposed on
have fused at the 8th week of gestation. It is ¢he stimulus provided systemically. Since uterine
morphological feature of the archimetra that the stratureristaltic activity is correlated with the level of
subvasculare of the myometrium retains, at least in thgstrogenic stimulation (Kunzet al, 1998) it is
fundal and cornual region of the uterus, the characteristiggnceivable that a gradient of oestradiol concentration
of an initially paired organ. In this respect the circulaithin the uterus could result in respective differences in
muscular fibres surrounding the lower and middle portioReristaltic activity within the organ itself.

of the uterus separate totally at the fundal level into the goth, the specific structure of blood supply of the upper
fibres of the cornua and continue from there into th@ortion of the uterus that is provided mainly by the ovarian
circular muscles of the respective tubes. Thus, with thigteries and the concept of the utero-ovarian counter-
structure of the subendometrial muscular layer in thgyrrent system (Einer-Jensen, 1988) are pertinent in this
fundal and cornual region, the unpaired human uterus Mayspect. The significance of the counter-current system was
still have the capability to function as a paired organ (Nogainly viewed in a uterine effect on ovarian function such
et al, 1998) anc_i direct spermatozoa into one of the'tub% inducing ovine luteolysis. However, the reverse
The morphologically paired character of the uterus is alsgyation may also be of physiological significance in that
reflected in its blood supply (Figure 3). the ovary may act directly on the uterus utilizing this
system. By means of the counter-current mechanism,
oestradiol or any other ovarian endocrine signal such as
oxytocin from the preovulatory follicle (Schaeffet al,

Table I. Diameters of the dominant follicles, and oestradiol
and progesterone serum concentrations during the mid- and
late follicular and midluteal phases of the patients’ cycles. Val-

ues are mean + SD 1984; Ivellet al, 1985; Tjugumet al, 1986; Peelet al,
: 1987; Fortune and Voss, 1993) may be increased in the
E;'f}ze of n Follcuar - Senm S seserone  Vessels supplying the fundal and cormual sections of the
(mm) (pg/ml) (ng/ml) uterus.
Midfollicular 13 13%2 100 + 68 0.4+0.3 Our data not only support this conjecture but also dem-
Late follicular 13 19+2 159 + 94 1.0+0.8 onstrate that the dominant follicle increases the efficiency
Midluteal 11 - 100 + 50 10+5 of the counter-current system on its side. The blood supply

to the fundal and cornual regions adjacent to the dominant
The frequency and intensity of uterine peristalsis deper@yarian structure is increased in comparison with the
upon the phase of the cycle (Lyarisal, 1991; Kunztal, contralateral side, as indicated by the enhanced perfusion
1996) and are each controlled by the dominant ovariaf the high fundal and cornual regions of the myometrium
structure. The changing pattern of uterine peristalsis durirgnd the lower Rl in the junctional vessels as compared with
the proliferative phase of the cycle could be completelthat of the corresponding vessels of the contralateral side,
mimicked by the administration of exogenous oestrogen tw to the uterine arteries ipsilaterally. With respect to the RI,
hypogonadal women that resulted in peripheral bloosimilar data have been obtained by Santolaya-Forgas
oestradiol concentrations similar to those of the norm#l992) which demonstrate a larger postovulatory decrease
cycle (Kunzet al, 1998). Thus, oestradiol secreted fronof the pulsatility index of the uterine arteries at the level of
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the uterine cornua ipsilateral to the side where ovulatidpe Vries, K., Lyons, E.A., Ballard, Gt al (1990) Contractions of the
had taken place inner third of the myometriunAm. J. Obstet. Gynecpl 62, 679-682.

- . . . Doren, M., Suselbeck, B., Schneider, H.P. and Holzgreve, W. (1997)
The mechanisms by which perfusion of the uterine Uterine perfusion and endometrial thickness in postmenopausal
region adjacent to the dominant structure is increased are womenon long-term continuous combined estrogen and progestogen

t k Oestradiol i d trial blood fl replacementUltrasound Obstet. Gynecp$, 113-119.
not known. Oestradiol Increases endometrial bloo 0\ﬁiner-\lensen,N.(1988) Countercurrent transfer in the ovarian pedicle and

(de Ziegleret al, 1991; Achiroret al, 1995; Heger-Mahn its physiological implicationsOxf. Rev. Reprod. Bigll0, 348—381.

- DA i Fortune, J.E. and Voss, A.K. (1993) Oxytocin gene expression and action
et al, 1996; Doreret al, 1997) and acts directly on the in bovine preovulatory folliclesRegul. Pept 45, 257-261.

vascular tone (Ba_tra, 1994). Furthgrmore, increas_ed loG@lger-Mahn, D., Entezami, M., Schutt,d@al (1996) Estrogenic effects
levels of oestradiol may further increase perfusion by after 14-days administration of 0.06 mg ethinyl estradiol in

; ; ; ; postmenopausal womeBeburtshilfe Frauenheilkd56, 221-225.
mducmg the productlon of factors that increase IOC(E}\I/ell, R., Brackett, K.H., Fields, M.J. and Richter, D. (1985) Ovulation

vascularization, such as vascular endothelial grO\Nth factor triggers oxytocin gene expression in the bovine oVeBBS Lett,
(Charnock-Jonest al, 1993). 190 263-267. _ _
Kunz, G., Beil, D., Deininger, Het al (1996) The dynamics of rapid sperm
transport through the female genital tract: evidence from vaginal
; sonography of uterine peristalsis and hysterosalpingoscintigraphy.
Conclusions Hum. Reprod 11, 627-632.

Directed uterine sperm transport into the tube ipsilateral t§"z.G-. Noe, M., Herbertz, et al (1998) Uterine peristalsis during the
menstrual cycle. Effects of oestrogen, antioestrogen and oxytocin.

the dominant fqllicle resul'gs from the fact that the uteru_s, Hum. Reprod. Update, 647—654.
though an unpaired organ in the human, may act as a paitgehs, E.A., Taylor, P.J., Zheng, X.ldt al (1991) Characterization of

; ; subendometrial myometrial contractions throughout the menstrual
organ on the basis of the morphologlcal structure of the cycle in normal fertile womerkertil. Steril., 55, 771-775.

stratum subvasculare of the myometrium, and on the blo@de, N., kKunz, G., Herbertz, Mt al (1999) The cyclic pattern of the
supply in the fundal and cornual regions of the uterus immunocytochemical expression of oestrogen and progesterone

. . ‘e receptors in human myometrial and endometrial layers:
which also conserves the morphOIOglcaI characteristics of characterisation of the endometrial-subendometrial udiim.

a paired organ. The utero-ovarian counter-current system Reprod, 14, in press.

may prov|de h|gher Oestrad|0| Concentra‘“ons |n thgeek, J.C,, Choy, V.J., Watkins, W.B. and Graham, F.M. (1987) Levels of
oxytocin-like activity and progesterone in follicular fluid framvitro

cor'nual reg'(_m of the Uter_us |p5|lateral to the_ dommant fertilization cyclesJ. In-Vitro Fertil. Embryo Transf4, 103-106.
follicle, thus increasing unilaterally the endocrine signalsantolaya-Forgas, J. (1992) Physiology of the menstrual cycle by
ithi ; ; ; i ultrasonographyd. Ultrasound Med 11, 139-142.
within the functional cascade of uterine perlstaIS|s. Schaeffer, J.M., Liu, J., Hsueh, A.J. and Yen, S.S.C. (1984) Presence of
oxytocin and arginine vasopressin in human ovary, oviduct, and
follicular fluid. J. Endocrinol. Metalh 59, 970-973.
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