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Abstract

The contractile effects of PGF2α (3 × 10-6 to 10-4 M) and PGE2 (10-7 to 10-5 M) were examined
on isolated branches of ovarian artery (OA) and extramyometrial branches of uterine artery (UA)
collected from pigs in the luteal (day 10-12) and follicular phase (day 17-20) of the estrous cycle,
and during early pregnancy (day 10-12). Strong contraction was demonstrated in both arteries
during all investigated periods in response to PGF2α, which was significantly higher (P < 0.01) than
to PGE2, being negligible in the follicular phase. In UA, the effective dose of PGF2α (ED50)
amounted 7.9 × 10-6 M and 6.3 × 10-6 M in the luteal and follicular phase, and 5.0 × 10-6 M in early
pregnancy. ED50 for PGE2 reached 5.0 × 10-7 M in the luteal phase, and 4.1 × 10-7 M in early
pregnancy. For both prostaglandins, the contraction was much stronger (P < 0.01) in OA than in
UA branches. In OA, the ED50 for PGF2α was 1.2 × 10-5 M in the luteal phase and was significantly
higher (P < 0.05) than in the follicular phase (3.1 × 10-6 M) and early pregnancy (2.7 × 10-6 M). ED50

for PGE2 amounted 7.3 × 10-7 M in the luteal phase and 1.7 × 10-7 M in early pregnancy. Studies
showed the influence of the estrous cycle and early pregnancy on OA branches sensitivity to the
contractile effect of PGF2α and the lack of this effect on UA branches, and the influence of the
estrous cycle on UA and OA branch contraction in response to PGE2.
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Introduction

The uterus of cycling and pregnant pigs as well as
developing embryos are the source of prostaglandin
E2 (PGE2) and F2α (PGF2α) that leave the uterus
with lymph and venous effluent. In pigs, PGF2α per-
meates in broad ligament vasculature from venous
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blood and lymph to the arterial blood and then it
reaches the ovary via local destination transfer (Ko-
twica 1980, Stefańczyk-Krzymowska et al. 1990). In-
dependently of this, PGF2α is retrograde transferred
to the uterine tissue and uterine cavity during
the time of cyclic corpus luteum functioning and in
early pregnancy (Krzymowski et al. 1986, 1987,
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Stefańczyk-Krzymowska et al. 1990). Our recent stu-
dies demonstrated the retrograde transfer of PGE2

from the uterine lymph and venous blood to arterial
blood supplying the uterine horn and its local desti-
nation transfer to arterial blood supplying the ovary
in early pregnant (Stefańczyk-Krzymowska et al.
2005, 2006) as well as in cycling gilts (Chłopek et al.
2008).

The veno-arterial communication is a functional
mechanism in the uterine circulation, which allows
uterine and placental products in the venous effluent
to influence directly adjacent arteries without first
traversing the entire systemic circulation. A similar
effect occurs in lymphatic-arterial communications,
as revealed in the ewe (Heap et al. 1985, 1989) and
sow (Krzymowski et al. 1986, Stefańczyk-
-Krzymowska et al. 2005, 2006, Chłopek et al. 2008).
Celia and Osol (2002) demonstrated that phenyleph-
rine and acetylcholine infused into isolated rat uter-
ine vein are able to alter the tone of adjacent uterine
arteries in a concentration-dependent manner. Both
PGE2 and PGF2α are known vasoactive factors in the
reproductive organs. It may be expected that PGs
transferred to arterial blood supplying the uterus and
ovary regulate the tone of small branches of uterine
and ovarian arteries and therefore influence the con-
dition of local vascular transfer of PGs as well as
other substances.

Both uterine and ovarian blood supply change
dramatically throughout the estrous cycle and the in-
volvement of ovarian steroid hormones in the regula-
tion of reproductive organ vasculature reactivity has
been demonstrated (Ford et al. 1982, White 2002).
However, the correlation of ovarian arterial blood
flow and uterine arterial blood flow with the level of
progesterone secretion during porcine estrous cycle
was different (Ford et al. 1982). The presence of por-
cine embryos also influenced the uterine and ovarian
blood flow (Ford et al. 1982) and their adaptation to
the pregnancy (Chang and Zhang 2008). The
genomic and non-genomic effects of progesterone
and 17β-estradiol on the vascular tone of the uterine
artery during the estrous cycle have been inves-
tigated in detail with respect to both classic and
membrane receptors (White 2002, Brenner and
Slayden 2004, Chang and Zhang 2008). It might be
presumed that changes in ovarian endocrine function
and embryonic secretion of steroids may affect the
reactivity of uterine and ovarian vessels to prostag-
landins.

Proper evaluation of PGs effects on uterine ar-
tery function under in vivo conditions or on an iso-
lated whole uterus is difficult. PGs influence uterine
smooth muscle tone (Maigaard et al. 1985) and cause
the mechanical compression of the uterine vascula-
tures that change blood flow in supplying arteries.
Only studies conducted on isolated blood vessel

made it possible to define precisely the action of PGs
on their tension.

To our knowledge no information is available on
the action of PGF2α and PGE2 on small branches of
uterine and ovarian arteries in gilts. Therefore, the
influence of PGF2α and PGE2 on the tension of iso-
lated 3rd order branches of uterine artery and
branches of the ovarian artery of cycling and early
pregnant gilts was examined in the present study and
the effect of the stage of the reproductive processes
on contractile reactivity of these vessels to both pros-
taglandins was analyzed.

Materials and Methods

Animals

All the experiments were conducted in accord-
ance with protocol No 2/2007 approved by the local
Ethical Commission for Animal Experiments. Cross-
bred, sexually matured gilts (n = 15, mean body
weight ca100 kg), bred on a commercial farm were
randomly assigned to groups of five. One group of
gilts was mated after two controlled estrous cycles.
Twelve days after mating, and on days 12 or 18 of the
estrous cycle the gilts were killed by electrical stun-
ning (ENZ 300, Metalowiec, Bydgoszcz, Poland) and
exanguination in a local slaughter house.

Vessel preparation

The reproductive tract (uterus, ovaries and broad
ligament) was excised immediately after slaughter,
placed in ice cold saline and quickly transported to
the laboratory. The day of the luteal and follicular
phase were confirmed by morphological appearance
of the ovaries and the pregnancy was confirmed by
the presence of embryos. Third-order branches (OD,
150 μm) of the uterine artery supplying the oviduct
and paraoviductal part of the uterine horn, and
branches of the ovarian artery from the periovarian
plexus were isolated. They were cleaned of loose
connective tissue, cut into rings (length 3 mm) free of
side branches, and placed in a Petri dish filled with
ice cold saline.

Set-up and experimental protocol

Arteries were prepared for isometric tension re-
cording according to the method described previous-
ly (Skipor et al. 2007). Randomly chosen arterial
rings (n = 6, only uterine or only ovarian artery)
were used for the first part of the experiment, while
the remaining rings stayed in the Petri dish for a sec-
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ond part of the experiment, which was conducted
5 hours later (this delay did not influence the vessel
reactivity). Under stereoscopic microscope (Stemi
DV4 SPOT, Zeiss, Germany) two fine (80 μm),
stainless steel triangles were placed through the lu-
men of the vascular ring. The arteries were then
fixed in 6 ml organ bath at 37oC, containing a modi-
fied Krebs-Henseleit solution (mM: NaCl, 115; KCl,
4.6; KH2PO4 1.2; CaCl2, 2.5; NaHCO3, 25; glucose,
11). All chemicals used were obtained from
Sigma-Aldrich GmbH, Germany. The pH was main-
tained at 7.4 by constant bubbling with 95% O2 – 5%
CO2. One triangle was fixed to a stationary rod, while
the other was hooked to a strain gauge for isometric
tension recording, thus permitting the application of
passive tension in a plane perpendicular to the long
axis of the vascular cylinder. The recording system
included: force transducer (F30) with vernier control
(type 850 N), transducer amplifier (TAM-A), Data
Acquisition Hardware with ACAD Software (all
from HUGO Sachs Elektronics, Germany). After 60
min of resting, the vascular rings were stretched in-
crementally to their optimal passive tone of 17.5 mN,
as determined previously by their contractile re-
sponse to 60 mM KCl. After an equilibration period
of 60 min, one part of the vessels was treated with
PGF2α (Sigma-Aldrich) and a second part with PGE2

(Sigma-Aldrich), both given to each organ bath in
a cumulative concentration manner ranging between
10-9 M to 10-4 M and 10-9 M to 10-5 M, respectively.
After the highest dose of PGs, the reactivity of the
vessel was tested using 60 μl of phenylephrine
(Sigma-Aldrich, 10-4 M) corresponding with ED50

(10-6 M). Only the data of vessels reacting to
phenylephrine were included in the results.

Data analysis

Dose-response curves. Data on the curves are
presented as means ± standard error of the mean
(SEM). For the generation of final dose-response
curves, a concentration of prostaglandins was trans-
formed to logarithms (GraphPad PRISM, USA).
The final curves were transformed using the Hill
equation for a sigmoid curve to give effective concen-
trations for a definite response (e.g. EC50: a concen-
tration producing 50% of the maximum response).
Data for ED50 are presented as means with a 95-per-
cent confidence interval (95%CI) for EC50.

Statistics. An evaluation of the estrous cycle and
pregnancy effect on the sensitivity of vessels to PGs
is based on the corresponding dose-effect curves (see
Dose-response curves). Sensitivities were regarded
as significantly different (P < 0.05) if the EC50 values
for these curves proved to belong to different entire-
ties by the F test (GraphPad PRISM, San Diego,

USA). The effect of vessel localization on the level of
contraction was examined by one-way ANOVA fol-
lowed by post-hoc Tukey’s test (Graph Pad Prism).

Results

Cumulative doses of PGF2α (10-9 M to 10-4 M)
generated an increase in the vascular tension in
third-order branches of the porcine uterine artery
collected during the follicular and luteal phase of the
estrous cycle and in early pregnancy (Fig. 1, left).
Values of the isomertic tension of the isolated vessels
depended on a dose of PGF2α and it averaged maxi-
mally in the luteal phase, follicular phase and early
pregnancy 31.7 ± 12.2 mN, 31.6 ± 8.8 mN and 26.2
± 7.1 mN, respectively. The effective dose of PGF2α
(ED50) generating a constriction of third-order
branches of the uterine artery at a level of 50 per
cent in the luteal phase, follicular phase and early
pregnancy averaged 7.9 × 10-6 M, 6.3 × 10-6 M and 5.0
× 10-6 M, respectively. Analysis of the data with the
F test demonstrated lack of influence of the phase of
estrous cycle and early pregnancy on the slope of the
curve dependent on the dose of PGF2α and/or their
ED50. The values of ED50 for PGF2α are presented in
table 1.

In response to cumulative doses of PGE2 (10-9

M to 10-5 M) the tension of third-order branches of
the porcine uterine artery increased, but it was lower
(P < 0.01) than in response to PGF2α (Fig. 1, right).
The increase in the tension of arterial branches col-
lected in the follicular phase of the estrous cycle
treated with cumulative doses of PGE2 was small
(maximally 0.9 mN) or not present. The value of
isometric tension of the isolated vessels in the luteal
phase and early pregnancy depended on the dose of
PGE2 and it amounted maximally to 8.8 ± 3.6 mN in
the estrous cycle and 4.4 ± 3.1 mN in pregnancy. The
ED50 of PGE2 was established at the level of 5.0
× 10-7 M in the luteal phase of the estrous cycle and
4.1 × 10-7 M in early pregnancy. Due to negligible
reactivity of arteries collected during the follicular
phase to cumulative doses of PGE2, ED50 was not
able to be determined. Analysis of the data with the
F test demonstrated the influence of the phase of the
estrous cycle and a lack of influence of early preg-
nancy on the slope of the curve dependent on the
dose of PGE2 and/or their ED50. The values of ED50

for PGE2 are presented in Table 1.
In general, arterial branches from the periovarian

vascular complex reacted to both prostaglandins, de-
veloping a greater (P < 0.01) force than that of the
uterine artery branches in all studied stages of repro-
ductive processes (Fig. 2). The maximal contractile
response of isolated ovarian artery branches from the
luteal phase, follicular phase and early pregnancy to
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Fig. 1. Dose-response curves for PGF2α (left) and PGE2 (right) in third order branches of uterine artery from the luteal phase
(solid black line), follicular phase (solid grey line) and early pregnancy (dotted black line). Error bars indicate values of SEM.

Table 1. Mean effective dose (ED50 ± 95% CI) of PGF2α and PGE2 determined on the branches of uterine artery of pigs in the
luteal (days 10-12) and follicular (days 17-20) phase of estrous cycle and early pregnancy (days 10-12).

Phase PGF2α ED50 ± 95% CI PGE2 ED50 ± 95% CI

Luteal 7.9 × 10-6 Ma 5.4-11.8 × 10-6 5.0 × 10-7 Ma 2.1-12.0 × 10-7

Follicular 6.3 × 10-6 Ma 3.4-11.8 × 10-6 ND ND
Pregnancy 5.0 × 10-6 Ma 2.7-9.3 × 10-6 4.1 × 10-7 Ma 0.17-98.0 × 10-7

ND – not detected
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Fig. 2. Dose-response curves for PGF2α (left) and PGE2 (right) in branches of ovarian artery from the luteal phase (solid black
line), follicular phase (solid grey line) and early pregnancy (dotted black line). Error bars indicate values of SEM.

Table 2. Mean effective dose (ED50 ± 95% CI) of PGF2α and PGE2 determined on the branches of ovarian artery of pigs in the
luteal (days 10-12) and follicular (days 17-20) phase of estrous cycle and early pregnancy (days 10-12).

Phase PGF2α ED50 ± 95% CI PGE2 ED50 ± 95% CI

Luteal 1.2 × 10-5Ma 0.95-1.6 × 10-5 7.3 × 10-7Ma 4.4-12.0 × 10-7

Follicular 3.1 × 10-6 Mb 1.9-4.9 × 10-6 ND ND
Pregnancy 2.7 × 10-6Mb 1.8-4.2 × 10-6 1.7 × 10-7Ma 0.68-4.6 × 10-7

ND – not detected a,b – p < 0.05
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PGF2α averaged 55 ± 3.8 mN, 46.2 ± 7.6 mN and 47.7
± 6.3 mN, respectively. The contractile response to
PGE2 was, in all studied stages of reproductive pro-
cesses, weaker than that to PGF2α and it averaged in
the early pregnancy and luteal phase 25 ± 7.5 mN
and 31 ± 7 mN, respectively, and in the follicular
phase only 4.1 ± 2.4 mN. The effective dose of
PGF2α in the luteal phase of the estrous cycle aver-
aged 1.2 × 10-5 M and it was significantly higher (P
< 0.05) than those in the early pregnancy and the
follicular phase, amounting to 2.7 × 10-6 M and 3.1
× 10-6 M, respectively. The effective dose of PGE2

established for the arteries of the periovarian vascu-
lar complex collected in early pregnancy amounted
to 1.7 × 10-7 M and 7.3 × 10-7 M in the luteal phase.
Analysis of the data with the F test demonstrated the
influence of the phase of the estrous cycle and early
pregnancy on the slope of the curve dependent on
the dose of PGF2α and/or their ED50 and the influ-
ence of the estrous cycle on the slope of the curve
dependent on the dose of PGE2. The values of ED50

for PGF2α and PGE2 are presented in Table 2.

Discussion

The result of the present study demonstrated the
sensitivity of the branches of the porcine uterine ar-
tery and ovarian artery to uterine PGs. Both, PGE2

and PGF2α generated an increase in the vascular ten-
sion of the isolated rings of these vessels in
a dose-dependent manner. Strong contractile reac-
tion was demonstrated during the luteal and follicu-
lar phase of the estrous cycle and in early pregnancy
in response to PGF2α, that was significantly higher
(P < 0.01) than in response to PGE2. Our results are
in agreement with those by Maigaard et al. (1985a)
indicating that in human extramyometrial arteries
PGF2α most potently, but also PGE2, caused concen-
tration-dependent contraction. Interestingly, the
authors observed this effect in extramyometrial arte-
ries, while in intramyometrial arteries the contrac-
tant effect of both PGs was negligible. According to
Maigaard et al. (1985a) the reactivity of branches of
the uterine artery changed with the vessel diameter
and localization in relation to the miometrium. They
demonstrated that uterine artery branches collected
from the area adjacent to the uterine horn react to
PGF2α, developing a tension that constituted 135%
of that after KCl, while intramyometrial arteries de-
veloped tension of a level of only 6% of that develop-
ed in reaction to KCl. In our study these parameters
were of a level of 88%, 92% and 83% for branches of
the uterine artery and 96%, 110% and 94% for
branches of the ovarian artery in the luteal and fol-

licular phase of the estrous cycle, and early preg-
nancy, respectively.

For both PGs, the contraction was much stronger
(P < 0.01) in ovarian artery branches than in uterine
artery branches. This might result from better devel-
opment of the muscular layer of these vessels in com-
parison to the uterine artery branches. We did not
observe any significant differences between the maxi-
mal tension developed in response to PGF2α by arte-
ries collected during the luteal and follicular phase of
the estrous cycle and early pregnancy, but we found
a significant (P < 0.01) difference in their response to
PGE2. Arteries collected during the follicular phase
of the estrous cycle react to PGE2, developing very
little tension or not reacting. The weak reactivity of
uterine and ovarian artery branches to PGE2 in the
follicular phase as well as significant differences in
ED50 for PGF2α in the ovarian artery may result
from the influence of the stage of the estrous cycle
on the expression of contractile PGs receptors in the
uterine and ovarian artery. It has been demonstrated
that the effect of PGs on the tone of the smooth
muscular tissues of the uterus, enabling the achieve-
ment their various physiological functions, depended
on the distribution of specific prostanoid receptors:
FP, EP1, EP2, EP3, DP, IFP and TP (Cao et al. 2002).
These authors demonstrated a contractile response
of uterine tissue to PGF2α and PGE2 and the localiz-
ation of contractile receptors (FP, EP1 and EP3) in
the nonpregnant porcine uterus. The distribution of
these receptors differed between uterine region and
the level of mRNA and protein of the FP receptor
was consistent with the contractile response (Cao et
al. 2005). PGE2 has a different affinity to EP recep-
tors (EP3 and EP4 > EP1 and EP2) as was demon-
strated by Kiriyama et al. (1997). Unfortunately,
there is no data demonstrating the distribution of
PGs receptors in uterine and ovarian arteries in pigs
or the effect of the estrous cycle and pregnancy on
their expression in gilts. Studies conducted on arte-
ries collected from the uterine cervix of ovariec-
tomized ewes demonstrated that estradiol replace-
ment decreased EP1 and EP3 receptor protein in
blood vessels while progesterone replacement had no
significant effect on EP receptor protein expression
(Schmitz et al. 2006). Our studies were conducted on
vessels collected from animals in the luteal and fol-
licular phase of the estrous cycle and early pregnancy
(day 10-12 after fertilization). In this stage of preg-
nancy spherical 5-7 mm blastocysts are capable of
enhanced synthesis of estradiol-17β and other estro-
gens (Fisher et al. 1985, Pusateri et al. 1990). In our
study any cycle and pregnancy effect on the tension
developed by both arteries in response to KCl was
not observed, in contrast to the influence of the re-
productive processes on the vessels sensitivity to PGs
(data not presented).
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In pigs, the concentration of prostaglandins
(PGs) in uterine venous blood increases considerably
from day 13 up to day 17 of the estrous cycle, but in
this period the level of PGE2 remains three times
lower that of PGF2α (Christenson et al. 1994). In
pregnant gilts the concentration of PGs in uterine
venous effluent increases markedly on days 11-12
after mating, with PGE2 predominant (Christenson
et al. 1994). The concentration of PGF2α and PGE2

in the uterine and broad ligament tissues changes in
different stages of the reproductive processes. In
cycling gilts both PGs reached a several-fold higher
concentration during the follicular phase than in the
luteal phase of the porcine estrous cycle
(Stefańczyk-Krzymowska et al. 1994a, Chłopek et al.
2008). In early pregnant gilts the concentration of
PGE2 was several times higher, but PGF2α was lower
than in cycling gilts (Guthrie and Lewis 1986,
Stefańczyk-Krzymowska et al 2005). In the pig, the
permeation of PGF2α from venous blood and lymph
flowing out of the uterus to the arterial blood and its
retrograde transfer to the uterine tissue is much
more effective during the time of corpus luteum fun-
ctioning i.e. during the luteal phase of the estrous
cycle and early pregnancy than during luteolysis
(Krzymowski et al. 1986, Stefańczyk-Krzymowska et
al. 1990). The local destination transfer of this PG to
the ovary was, in early pregnancy, significantly reduc-
ed in comparison to the luteolysis period
(Stefańczyk-Krzymowska et al. 1990). However,
transfer of PGE2 to the ovary was intensified during
the luteal phase of the estrous cycle and in early
pregnancy and reduced in the luteolysis period
(Stefańczyk-Krzymowska et al. 2005, Chłopek et al.
2008). This different distribution of PGs in reproduc-
tive organs may in turn change the function of blood
vessels.

The present study demonstrated that uterine PGs
affected the function of the arterial vessels of the
entire broad ligament and therefore may influence
uterine and ovarian blood flow. The vascular tension
of these vessels is also modulated by steroid hor-
mones, oxytocin, cytokines and neurotransmitters.
The factors affecting the tension of the blood vessels
changes the condition of blood circulation in the me-
sovarium and mesometrium, blood vessel permeabil-
ity and the creation and flow of the lymph. Thus,
they may influence processes conditioning local de-
livery of ovarian hormones to the uterus
(Stefańczyk-Krzymowska et al. 1994) and uterine
PGs to the ovary (Heap et al 1985, 1989,
Stefańczyk-Krzymowska et al. 2006, Chłopek et al.
2008). It has been earlier demonstrated that blocking
of α1-adrenoreceptors affected the local destination
transfer of steroid hormones to the uterus
(Stefańczyk-Krzymowska et al. 1997). Similarly, the
changes in blood circulation in different stages of the

reproductive processes affected the efficiency of the
retrograde transfer of ovarian hormones
(Stefańczyk-Krzymowska et al. 2002, Wąsowska and
Stefańczyk-Krzymowska 2006) and uterine PGs
(Krzymowski et al. 1986, 1987, Stefańczyk-
-Krzymowska et al. 1990, 2005, Chłopek et al. 2008).
In summary, we demonstrated a vasoconstrictor ef-
fect of PGF2α and PGE2 on branches of uterine and
ovarian arteries of pigs. In the case of PGE2 this ac-
tion was, in both arteries, affected by the estrous
cycle, while the effect of PGF2α on the ovarian artery
was affected additionally by pregnancy.
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