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Introduction 

Pettersson, A., S. Einarsson and H. Kindahl: Intraluminal pressure variations in the 
isthmus of the porcine oviduct after intrauterine insemination with saline, oestrogen 
solution, or boar seminal plasma. Acta vet. scand.1993, 34, 109-116.-The purpose of 
this study was to investigate if an intrauterine deposition of saline, boar seminal 
plasma, or an oestrogen solution containing 11.5 µg oestrogens affected the intralumi­
nal pressure in the isthmus of the oviduct in unrestrained gilts. In order to monitor vari­
ations in intraluminal pressure, 2 ultra-miniature pressure sensors, located at 2 differ­
ent points along the same isthmus were used. After an initial recording period, either 
saline, boar seminal plasma, or the oestrogen solution was deposited directly into the 
uterus. Intraluminal pressure recordings were conducted up to 6 h after insemination, 
and blood samples, for monitoring oestradiol-178 and 15-ketodihydroprostaglandin 
F2a levels, were collected. None of the inseminates had any consistent effect on the 
intraluminal pressure in the porcine oviduct. After deposition of the oestrogen solu­
tion, increases in the circulating levels of both oestradiol-178 and 15-ketodihydropro­
staglandin F2a were seen. 

prostaglandin Fu 

Boar semen is exceptionally rich in oestrogens 
(Claus et al. 1985). Evidence has been pre­
sented suggesting that this oestrogen content 
enhances uterine contractions in oestrous 
gilts (Claus et al. 1989) by stimulating the pro­
duction of endometrial prostaglandin (PG) 
F2a (Claus et al. 1990). Both in vivo studies us­
ing anaesthetized gilts and in vitro studies 
have shown that exogenous administration of 
PGF2a increases the muscular activity of the 
porcine isthmus (Rodriguez-Martinez & Ei­
narsson 1985). Recently, intraluminal pres­
sure variations in the oviductal isthmus in un­
restrained conscious gilts, have been mapped 

for different stages of the oestrous cycle (Pet­
tersson 1991). The aim of this study was to in­
vestigate if an intrauterine deposition of sa­
line, oestrogen solution, or seminal plasma 
had an effect on the intraluminal pressure 
variations in the oviductal isthmus in oestrous 
gilts. 

Materials and methods 
Six sexually mature, crossbred gilts were used 
as test animals. Each gilt was used only once. 
Prior to and during the study, the animals 
were housed in a conventional stable. At no 
time during the study period were the gilts 
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physically restrained. The gilts were tested for 
signs of standing oestrus, in the presence of a 
fertile boar, by experienced personnel. 
In 5 gilts, 2 pressure sensors were implanted in 
the oviductal isthmus on the first day of stand­
ing oestrus (Day 1 ), and in 1 animal (gilt no. 
1), on the last day of prooestrus (Day 21). The 
pressure sensors had an outer diameter of 1 
mm and were each located at the distal end of 
a dacron catheter with an electrical connector 
at its proximal end (PR-249, Millar Instr., 
USA.). The pressure sensors were placed at 2 
different points along the same isthmus. The 
method for implanting the pressure sensors 
has previously been described in detail (Hen­
riksson et al. 1987). Each gilt was also 
equipped with a chronic intrauterine catheter, 
contralateral to the pressure sensor carrying 
oviduct. The distal end of an approximately 70 
cm long piece of silastic tubing (3.2 mm o.d, 
1.6 mm i.d., Silastic, Dow Corning, USA) was 
passed through a small incision at the tip of 
the uterine horn 5 cm into the uterus. The 
proximal end of the silastic tubing was passed 
subcutaneously to the lumbar back, where it 
was exposed, and a three-way cannula was 
fixed in its proximal end. The exposed chronic 
intrauterine catheter and the electrical con­
nectors of the pressure sensors were placed in 
a canvas bag, sutured to the lumbar back of 
the animal. 
Each gilt was also equipped with a chronic 
jugular vein catheter for blood sampling 
(Rodriguez & Kunavongkrit 1983). Blood 
samples were collected every 30 min during 
the test period. All blood samples were col­
lected into heparinized Vacutainer® tubes 
(Becton and Dickinson, USA) and immedi­
ately centrifuged. Plasma was removed and 
stored at -20°C. The blood samples collected 
and the seminal plasma used for insemination 
were analysed by radioimmunoassay for con­
centrations of oestradiol-l 7B (Boilert et al. 
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1973) and oestrone sulphate (Kindahl et al. 
1982). Furthermore, the plasma samples were 
analysed for 15-ketodihydro-PGF2a (Gran­
strom & Kindahl 1982). The methods for oes­
tradiol-17B and 15-ketodihydro-PGF2a have 
earlier been validated for the porcine species 
(Kunavongkrit et al. 1983). 
The study was conducted on the day following 
operation. After an initial period of intralumi­
nal pressure recordings, an intrauterine depo­
sition, consisting of either 50 ml saline with 
100 µI ethanol, 50 ml seminal plasma from a 
fertile boar, or 50 ml of an oestrogen solution 
composed of 50 ml saline with the addition of 
11.5 µg oestrogens ( 5 µg oestradiol + 2 µg oes­
trone + 4.5 µg oestrone sulphate) and 100 µl 
ethanol, was made. The concentration of the 
oestrogens in the oestrogen solution was com­
parable to that which can be found in boar se­
men (Hoang-Vu 1987). All intrauterine depo­
sitions were made using conscious gilts, 
exhibiting standing oestrus, in the presence of 
a boar. Gilt no. 1 received saline with 100 µl 
ethanol on day 1 of the oestrous cycle while 
gilt no. 2 received the same deposition on day 
2. In the remaining gilts, the uterine deposi­
tion was made on day 2. Gilts no. 3 and 4 re­
ceived oestrogen solution while gilts no. 5 and 
6 received seminal plasma. Registration of 
intraluminal pressure fluctuations in the isth­
mus of the oviduct was continued for up to 6 h 
after treatment. The gilts could move, eat and 
drink as usual during the entire test period. 
All movements made by the animals were 
carefully noted, directly as they occurred on 
the recordings. 
After completion of the recordings, removal 
of the pressure sensors was performed by lap­
arotomy. Prior to removing the sensors, it was 
confirmed that the position of each sensor was 
correct. The oviduct was examined for adhe­
sion and the ovaries were carefully inspected 
in order to determine if ovulation had oc-
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Rp 

min 
Figure 1. Example of phasic fluctuations in the 
isthmus. Rp: atmosphere pressure, bp: base pres­
sure, pf: phasic pressure fluctuations. 

curred. After slaughter, which occurred at a 
later date, sections of both oviducts from each 
gilt were removed for histological comparison 
under a light microscope. 
Prior to implantation, the pressure sensors 
were calibrated so that the base-line was set 
equivalent to the atmospheric pressure of the 
operation day. Since the atmospheric pressure 
was a known value, the actual pressure in the 
isthmus could be established. All calculations 
were based on recordings obtained from the 
distal pressure sensor. The proximal pressure 
sensor was used for determining the propaga­
tion direction of outbursts of increased intra­
luminal pressure. Intraluminal pressure in the 
oviduct could be described as being composed 
of a base pressure upon which phasic pressure 
fluctuations are superimposed (Fig. 1). 
The phasic pressure variations could be ar­
ranged in a way, irregular or regular pattern, 
with stable resting pressures and amplitudes. 
The base pressure was defined as being equiv­
alent to the lowest resting pressure of the 
phasic pressure fluctuations over a 10 min pe­
riod. The total pressure for the same period 
was defined as the sum of the mean amplitude 
of the phasic pressure fluctuations during 2 
nonconsecutive min during which the animai 
was relatively still, and the base pressure. 

Outbursts of increased intraluminal presssure 
were defined as marked increases in intralu­
minal pressure, where the lowest resting pres­
sure of the phasic pressure fluctuations at the 
peak of the outburst was greater than the to­
tal pressure of the registration period. Total 
pressure, base pressure and the frequency and 
pattern of the phasic pressure fluctuations 
were determined for 10 min periods, every 10 
to 20 min during the test period. 

Results 
The seminal plasma deposited in gilt no. 5 
contained 11.6 ng oestradiol-178 and 1.6 µg 
oestrone sulphate, while the seminal plasma 
deposited in gilt no. 6 contained 83 ng oes­
tradiol-178 and 15.4 µg oestrone sulphate. 
As seen in Table 1, none of the intrauterine 
depositions increased the intraluminal pres­
sure in the isthmus of the oviduct. Instead, the 
frequency of the phasic pressure fluctuations 
tended to decrease in some of the gilts. This 
decrease could not be correlated to any spe­
cific intrauterine deposition. The intrauterine 
depositions did not affect the pattern of the 
phasic pressure fluctuations. Occasional out­
bursts occurred prior to and after treatment. 
No predominance of any particular propaga­
tion direction could be seen. 
After treating gilts no. 3 and 4 with the oestro­
gen solution, peripheral plasma levels of oes­
tradiol-178 started to increase and high levels 
were measured within 30 min after treatment. 
In gilt no. 3, oestradiol-178 levels declined 
within 160 min, although the low pretreat­
ment levels were not attained. A slight in­
crease was seen 30 min later. In gilt no. 4, pre­
treatment levels of oestradiol-178 could be 
measured 90 min after the initial increase. 
Two slight increases in oestradiol-178 were 
measured 60 and 180 min later (Fig. 2). Pe­
ripheral plasma levels of oestrone sulphate re­
mained unaltered after the oestrogen treat-
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Figure 2. Peripheral plasma levels of oestradiol-17.B and 15-ketodihydro-PGF2a before and after intrauterine 
deposition of saline with 100 µl ethanol (1= gilt no. 1; 2= gilt no. 2), oestrogen solution (3= gilt no. 3; 4= gilt no. 
4) or seminal plasma (5= gilt no. 5; 6= gilt no. 6). The arrow indicates the time of intrauterine deposition, +--+ 
indicates 15-ketodihydro-PGFia while o- - -o indicates oestradiol-17.B. 
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ment. Increased levels of 15-ketodihydro­
PGF2a in peripheral circulation were meas­
ured within 60 min following the initial in­
crease in oestradiol-17B (Fig. 2) in both gilts 
no. 3 and 4. The smaller increase in oestradiol-
17B in gilt no. 3 was followed by an increase in 
15-ketodihydro PGF2a, 90 min later. In gilt no. 
4, the first small increase in oestradiol-17B was 
similarly followed by an increase in 15-ketod­
ihydro-PGF2a 90 min later, while 15-ketodihy­
dro-PGF2a increased within 60 min of the 
later increase in oestradiol-17B. In gilts no. 5 
and 6, the intrauterine deposition of seminal 
plasma did not lead to any increase of oestrad­
iol-17B or 15-ketodihydro-PGF2a. 
All gilts that were treated on day 2 had ovu­
lated when the pressure sensors were re­
moved on the following day. Gilt no. 1, how­
ever, having received the intrauterine 
deposition on day 1, had not ovulated. No ad­
hesions involving the oviduct could be seen. 
After slaughter, histological examination 
under a light microscope revealed no differ­
ences between oviducts from the same ani­
mal. 

Discussion 
None of the intrauterine applications had any 
stimulating effect on the activity of the ovi­
ductal isthmus in unrestrained gilts. 
Viring et al. (1980) demonstrated a swift trans­
uterine transport. Radiolabelled compounds, 
suspended in 35 ml seminal plasma, were de­
tected in the oviduct within 5 min of the intra­
uterine application. The intrauterine applica­
tions in the present study, even though 
applied in the uterine horn contralateral to 
the pressure sensor carrying oviduct, can 
therefore be assumed to bathe both uterotu­
bal junctions shortly after insemination. Sem­
inal plasma has been suggested to have a re­
laxing effect on the isthmus in anaesthetized 
gilts (Viring & Einarsson 1980). Although the 
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frequency of the phasic pressure fluctuations 
had a tendency to decline in some of the gilts 
after receiving the intrauterine deposition, 
this decrease could not be attributed to any 
specific treatment. Further, earlier studies in 
unrestrained gilts have shown that during the 
latter part of day 2 of the oestrous cycle, the 
frequency of the phasic pressure fluctuations 
normally tends to decrease (Pettersson 1991). 
Evidence has been presented suggesting that 
the high concentration of oestrogens in boar 
semen may have a stimulating effect on the 
contractility of the porcine uterus, and that 
this action is mediated by an oestrogen-de­
pendant induction of the production of pros­
taglandins by the uterine wall (Claus et al. 
1990). In the present study, the close correla­
tion found between the increased levels of 
oestradiol-17B and 15-ketodihydro-PGF2a in 
the peripheral circulation indicate that the 
oestrogens in the oestrogen solution did in 
fact stimulate prostaglandin synthesis, as sug­
gested by Claus et al. (1990). There was no in­
crease in the peripheral blood levels of either 
oestrogens or the prostaglandin metabolite 
when the gilts were treated with seminal 
plasma. One reason for this might be that the 
uterus may more readily absorb oestrogens 
from the saline solution than from the pro­
tein-rich seminal plasma. It is interesting to 
note that the increase in prostaglandin metab­
olite levels seen after oestrogen treatment did 
not reflect any consistent effect on the intralu­
minal pressure in the isthmus of the oviduct. It 
has previously been shown that PGF2a has a 
clear contractile effect on the porcine myosal­
pinx when administered both in vitro and in 
vivo to anaesthetized gilts (Rodriguez-Marti­
nez & Einarsson 1985). It is possible that the 
prostaglandins produced in the uterus never 
reach the oviduct, but instead, are metabo­
lized and inactivated in the lung. Further, it 
can not be excluded that the contractile effect 
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of PGF2a may have been a pharmacological 
response due to unphysiological amounts of 
PGF2a in tissues following exogenous admin­
istration. Rodriguez-Martinez & Einarsson 
(1985) also showed, in vivo in anaesthetized 
gilts, that the administration of PGE2 resulted 
in a relaxation of the oviductal isthmus during 
oestrus. Although oestrogens have been 
found to stimulate the synthesis of, in particu­
lar, PGF2a in the rat (Ham et al. 1975), it is 
possible that even PGE2 production may be 
stimulated in the porcine species, which 
would have a counteracting effect on the isth­
mus. 

Conclusions 
Intrauterine deposition of 50 ml saline, oes­
trogen solution or seminal plasma from a fer­
tile boar, had no consistent effect on the intra­
luminal pressure in the isthmus of the porcine 
oviduct even though an increase in the major 
prostaglandin F2a metabolite, 15-ketodihy­
dro-PGF2a, was seen in peripheral plasma af­
ter deposition of the oestrogen solution. 
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Sammanfattning 
lntraluminella tryckvariationer i istmusdelen av iig­
gledaren hos gris efter intrauterin insemination med 
koksaltlosning, ostrogenlosning eller spermaplasma. 

Sex gyltor inseminerades intrauterint med antingen 
50 ml koksaltlosning, 50 ml koksaltslosning tillsatt 
med 100 µl etanol, 5 µg ostradiol-17B, 2 µg ostron och 
4,5 µg ostronsulfat eller 50 ml seminalplasma frdn en 
fertil gait. Fore inseminationen pdbOrjades registrer-

ing av det intraluminella trycket via 2 smd tryck­
mlitare med en ytterdiameter av 1 mm placerade pd 
olika stlillen !lings med samma isthmus. Efter ca en 
timme inseminerades djuren framfor en gait efter 
utlost stdreflex. Registrering av tryckfOrlindringar 
pdgick upp till 6 timmar efter insemination. Blod­
prov togs var 30:e minut under hela experimentet 
och dessa analyserades pd sitt inneMll av ostradiol-
17B samt prostaglandinmetaboliten 15-ketodihydro­
prostaglandin F2a. 
lngen av inseminationslosningarna pdverkade det 
intraluminella trycket i liggledarens isthmus. Ostro­
gen-losningen gav en okning av nivdema av 
ostradiol-1713 samt 15-ketodihydro-PGF2a i den per­
ifera cirkulationen. 
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