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Implantation of the embryo in the Fallopian tubes isObjectives: To investigate the effects of different levels of
a condition unique to humans. An experimental modelhormones on the ciliary activity of human oviducts and,
for tubal pregnancy in domestic or laboratory animalsconsequently, to assess their possible role in tubal implanta-

tion of the fertilized egg. is lacking. Therefore, much of our knowledge about
Design: Fallopian tube epithelial samples were incubated etiologic mechanisms and pathophisiology of ectopic
in media with the addition of Estradiol (E2), progesterone pregnancy (EP) is based on circumstantial evidence.
(P), human menopausal gonadotropin (hMG), LH, or pure Tubal pregnancies make up 95–97% of all ectopic
FSH (Metrodin) in different concentrations. The ciliary beat gestations. The ampulla is the most common site of
frequency (CBF) was measured after 24 h of incubation. implantation, accounting for 78% of ectopic pregnan-
Then the media were exchanged to media without the addi-

cies; 12% are located in the isthmus, 5% in the fimbria,tion of hormones and the CBF was measured again 24 h
and 2% are cornual or interstitial. The reminder arelater by using the photoelectric technique.
abdominal, cervical, or ovarian (1). ApproximatelySetting: University teaching hospital, IVF unit.
50% of all tubal pregnancies develop from a delay inResults: Twenty-four hr after the addition of P to the culture
ovum transport secondary to a diseased Fallopian tubemedium in concentrations of 0.5 or 1 ng/ml a significant

decline of the CBF down to 63% of the control level was caused by tubal infection (2). Hormones are known
observed (P , 0.001) and with P in concentration of 2 ng/ to affect many aspects of growth differentiation and
ml or greater, 50–70% of the cilia were paralyzed. These function in the human Fallopian tubes. E2 and P con-
effects of P were found to be reversible. Incubation with E2 centrations in monkey oviductal fluid are consistently
induced a slight increase of 4% in the mean CBF (P 5 lower than those in plasma (3). Alteration of the hor-
0.002). Twenty-four hr incubation with Metrodin, Pergonal, monal milieu can result in disturbance of the function
or LH did not affect ciliary motility.

of tubal cilia and muscles and can lead to tubal implan-Conclusions: Higher levels of progesterone cause ciliary
tation. Therefore, hormonal factors have been impli-dysfunction and subsequently may be a possible cause of
cated in the pathogenesis of the disease. Thisectopic pregnancy.
hypothesis is supported by the association between

KEY WORDS: fallopian tubes; ectopic pregnancy; ciliary activity; several conditions such as ovulation induction and the
organ culture.

use of certain contraceptive techniques, with an
increased incidence of EP (2).
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and, as a result, their possible role in tubal implanta- opened longitudinally, and pieces of 3–4 mm2 were cut
with curved scissors and transferred to tissue culturetion.
dishes. Each dish contained two pieces in 2 ml medium.
The pieces, originating from the same tube, were
placed in the following media: DMEM:F12;MATERIALS AND METHODS
DMEM:F12 with E2 in concentrations of 200 or 600
pg/ml; steroid-free medium (IVF Medium without phe-

Description of the Photoelectric Method for CBF nol red, Medi-Cult, Denmark); DMEM:F12 with pro-
Measurements (Fig. 1) gesterone in concentrations of 0.5 or 1, 2, 4, and 6 ng/

ml; human menopausal gonadotropin (hMG) (Pergo-The slide coverslip preparation of the ciliated epithe-
nal, Teva, Israel) or LH (Sigma) or pure FSHlium is placed on an electrically controlled warm stage
(Metrodin, Teva, Israel) all in concentrations of 15,at 378C and examined by phase-contrast inverted
150, 300 mIU/ml. The CBF was measured after 24 hrmicroscopy (I-135, Zeiss, Germany) under objective
of incubation. Then the media were exchanged withlens 403. The cilia are positioned to interrupt the
DMEM:F12 medium without the addition of hormonespassage of light through an adjustable slit and the
and the CBF was measured again 24 hr later. In everyoutput is monitored with a photodiode (UV-444 BQ,
experiment, for each type of medium, the CBF wereEG&G, USA) and amplifier (2061, Tektronix, USA).
measured in 4–16 pieces (originated from the sameThe electrical signals are fed into a digital storage
tube), 10 times per piece, using the photoelectric tech-oscilloscope (2212, Tektronix, USA) for viewing of
nique. The effects of the tested hormones on the ciliaryciliary activity. CBF values are obtained by counting
activity were determined as the percentage of changethe number of ciliary beats recorded in 0.5-0 intervals
in CBF compared to the controls.and are expressed in Hz.

Statistical AnalysisPreparation of the Organ Cultures

Results are expressed as means (SD). Mean valuesNormal-looking Fallopian tubes from women under-
of CBF in DMEM/F12 and IVF media were comparedgoing hysterectomy were collected into DMEM/F-12
by unpaired t test. Comparisons between the treatedmedium (Beit Haemek, Israel) containing Streptomy-
groups were carried out by one-way analysis of vari-cin (100 g/ml), Penicillin (100 IU/ml), 10% Fetal Calf
ance (ANOVA). If significance was obtained withSerum, and L-Glutamine (4mM) buffered with 15 mM
ANOVA, the Newman-Keuls test was used for multipleHEPES buffer. Tubes were placed on ice and taken to
comparisons between groups. P , 0.05 was consid-the laboratory within 30 min of removal. The ampul-
ered significant.lary region was dissected out in a laminar flow cabinet,

RESULTS

Incubation with P for 24 hr at concentrations of 0.5,
1, 2, 4, and 6 ng/ml, reduced the CBF to 74.6% (8.2%,
71.0%) (9.0%, 66.0%) (1.4%, 64.0%) (1.8% and
62.6%) (1.54%), respectively, of the CBF measured
in controls (Fig. 2A). All the treated groups were found
to be significantly different from the control group (P
, 0.001). It was also observed that in culture media
with P of 2 ng/ml or greater, about 50–70% of the
cilia were paralyzed. When the medium with P was
replaced with DMEM:F12 alone, after 24 hr incuba-
tion, the mean CBF in all the treated groups were
between 94% and 96% of the control level (P , 0.001)
(Fig. 2A). Cilia which did not move after 24 hr incuba-
tion with high levels of P regain their motility. Incuba-

Fig. 1. A schematic diagram of the photoelectric system. tion with E2 in concentrations of 200 pg/ml or 600 pg/
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the incidence of tubal infertility and ectopic pregnancy
(4). Data about the effects of hormones on the tubal
muscles and ciliary function are conflicting. Pauerstein
(5) suggested that estrogens increase and progestins
decrease smooth muscle contractile activity particu-
larly in the isthmic portion. On the other hand, Pulkki-
nen and Jaakkola (6) observed that when the serum
progesterone level is low, the oviduct, mainly the isth-
mus segment, shows characteristics of dysfunction.
Jansen (7) suggested that changes in the ciliary activity
and ciliary morphology are estrogen-dependent in the
sense that E2 causes differentiation of ciliated cells,
including ciliogenesis. Progesterone has an antagonis-
tic effect to estrogen, and prolonged exposure to pro-
gesterone causes cilial regression. A high correlation
was found between the number of ciliary cells and the
ciliary function (8).

There is evidence that high levels of progesterone
are related to the occurrence of ectopic pregnancies.
The risk of ectopic pregnancy among women using
progestin oral pills or progestin implants for contracep-
tion is two to five-fold compared to other women of
childbearing age (9,10). The incidence of ectopic preg-
nancy among the progesterone-bearing IUDs is also
considerably greater (16.3% of the pregnancies) than
observed with placebo device (5.1% of the pregnan-
cies) (11). It seems to be well established that women
who undergo treatment with human gonadotropins run
a greater risk of tubal pregnancy. The risk is more thanFig. 2. (A) Mean 6 SD of CBF after 24 hr of incubation (gray

bars) with progesterone (P) and with 17-Estradiol (E2); (B) and three times as high as in the population of women with
after replacement of the culture media to DMEM/F12 alone for similar risk factors. If hyperstimulation occurs, the
24 hr (black bars). risk is further increased (12). A higher rate of ectopic

pregnancy (4.9%) has also been reported among IVF
pregnancies in the United States and Canada (13).
McBain et al. (14) observed in women without evi-ml for 24 hr induce a slight increase in the mean CBF

(103.7%) (2.7% and 104.3%) (1.7%) (P 5 0.002) (Fig. dence of tubal pathology, an association between
ectopic pregnancy and elevated urinary estrogen excre-2B). When the mediums with E2 were replaced with

DMEM:F12 alone, after 24 hr of incubation, the mean tion in the peri-ovulatory phases of induced ovulatory
cycles. They implied that high estrogen levels mayCBF in the treated groups was not significantly differ-

ent from the control group (P 5 0.08) (Fig. 2B). Incu- induce abnormal tubal embryo transport.
In the present study, we showed that the additionbation for 24 hr with Metrodin, Pergonal, or LH at

concentrations of 15, 150, and 300 mIU/ml did not of P to the culture medium markedly decreased or
even blocked the ciliary activity in a dose-dependentaffect ciliary motility (P 5 0.23, P 5 0.55, P 5

0.41, respectively). fashion. It has been suggested that in the ampulla, the
cilia is the main factor in the propagation of the egg
(6,15). Our data may explain earlier findings of
increased rates of EPs, especially in the ampulla,DISCUSSION
among women using progestin-only pills, injectable
progestin preparation and progestin coated intrauterineOvum transport in the human oviducts involves two

main effectors: ciliary motility and muscle contractil- devices. In contrast to previous studies (7), we have
found that incubation in media without sex steroids ority. Decrease in oocyte cumulus complex pick up and

transport as a result of a decrease in CBF may increase with high E2 levels did not affect CBF. We conclude
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