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Abstract. Corpus luteum (CL) activity is closely linked with initiation and maintenance 
of  pregnancy and with fetal development. The present study was aimed to analyze the 
impact of unilateral ovarian removal on ovarian function, steroid hormone level and fetal 
distribution and development. Unilateral ovariectomy (uni-OVX) was performed in gilts 
one day before ovulation (group SHORT, n = 24), 20 days before subsequent ovulation 
(group LONG, n = 23) or ovaries remained intact (group INTACT, n = 22). Gilts were 
inseminated by single fixed-time laparoscopic intrauterine insemination (LIUI) after hor-
monal estrus synchronization. Two days before the end of a 15 day long altrenogest feed-
ing, a part of gilts (n = 23) were surgically fitted with a jugular vein catheter and blood 
samples were collected to determine of estradiol (E2) and progesterone (P4) concentra-
tions. All animals were slaughtered on day 30 of gestation and ovarian features as well as 
the number, weight and distribution of fetuses recorded. Altogether, 48 gilts (70%) were 
pregnant and pregnancy rates did not differ between groups. Short term uni-OVX affected 
CL number compared to intact and long term OVX gilts (9.9 ± 0.8 vs. 20.6 ± 1.9 and 
17.5 ± 0.8; P < 0.05) and the number of fetuses (8.7 ± 0.5 vs. 15.0 ± 1.0 and 14.4 ± 1.1; 
P<0.05), respectively. Weights of individual CL were not influenced by treatment. Fetuses 
were differently distributed in the uterine horns after uni-OVX. A higher (P<0.05) pro-
portion of  fetuses was present always in  the horn which bore the ovary. In all groups, 
weights of fetuses from uterine horns with an active ovary was similar; however, fetuses 
of the OVX horn of the SHORT group were lighter (P < 0.05). Steroid hormone profile 
was typical for pregnant gilts, but differences were observed between groups. Both, the 
preovulatory E2 concentrations and the early luteal phase P4 levels were higher (P < 0.05) 
in gilts of the INTACT and LONG groups. In summary, compared to intact gilts, only long 
term uni-OVX could compensate ovarian development. Short term uni-OVX affects (1) 
the total number of CL and fetuses, (2) the distribution and weight of fetuses in the uterine 
horns and (3) steroid hormone levels. Therefore, the time window, but not the uni-OXV 
per se, which alters the local supply of progesterone, has an impact on fetal development 
and survival.

Keywords: unilateral ovariectomy; corpus luteum; fetus; steroid hormone; pig.

Introduction

Ovarian compensatory hypertrophy in pigs after unilateral ovariectomy 
(uni-OVX) has been studied already two centuries ago [1] and is still an 
interesting current model to study follicle selection and embryo survival 
[2–4]. Since the corpora lutea (CL) are a considerable source of proges-
terone (P4) in the pig to establish and, in some extent, to maintain preg-
nancy, their influence on embryo survival was analyzed, previously [4]. 
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In this study uni-OVX was employed on day 5/6 of  the luteal phase,  
i.e. about 15 days before subsequent ovulation and insemination. They 
hypothesized that the remaining ovary (CL) had an impact on embryo 
survival in the ovariectomized uterine horn. Since in the mentioned study 
OVX was performed in  a time window which allowed compensating 
follicle/CL development, our study was aimed to compare the influence 
of different time points of uni-OVX on ovarian development, growth and 
distribution of fetuses within uterine horns as well as on steroid hormone 
secretion. 

Material and Methods

Animals and experimental design: All proce dures involving animal han-
dling and treatment were approved by the Ethic Committee for Animal 
Use and Care. Altogether, 69 puberal German Landrace gilts at the age 
of nine months and with mean body weights of 142 ± 7 kg were included 
in the study. Estrus was synchronized in all gilts by 15-day long feeding 
of  altrenogest (16 mg altrenogest/day/ gilt; Regumate®, Janssen-Cilag 
GmbH, Neuss, Germany). Twenty-four hours after the last altrenogest 
feeding (08:00 h), each animal received a single intramuscular injec-
tion of 850 IU equine chorionic gonadotropin (eCG; Pregmagon®, IDT 
Biologika, Dessau-Tornau, Germany). Ovulation was induced 80 h later 
by administration of 50µg GnRH agonist (Gonavet Veyx®, Veyx-Pharma 
GmbH, Schwarzenborn, Germany). Gilts were assigned to three differ-
ent groups: (1) controls (n = 22, group INTACT), (2) gilts underwent 
unilateral ovariectomy (uni-OVX) one day before expected ovulation  
(n = 24, group SHORT) and (3) gilts with uni-OVX long, i.e., 20 days be-
fore subsequent ovulation (n = 23, group LONG).

Unilateral ovariectomy (uni-OVX): Ovariectomy was performed by 
mid-ventral laparotomy under gen eral anesthesia induced with ketamine 
(0.15 ml/kg BW, Ursotamin®, Serumwerk Dessau, Germany) and azaper-
one (0.03 ml/kg BW, Stresnil®, Elanco Animal Health, Bad Homburg, Ger-
many). Ovarian blood supply was ligated in one ovary and it was removed 
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by electrocautery (ICC 50, ERBE Elektromedizin, Tübingen, Germany). 
The wound was closed by adapting peritoneum, musculature and cutis 
separately. OVX was performed shortly before ovulation, i.e., 31 h after 
GnRH and immediately before insemination (group SHORT) or one day 
before the first altrenogest feeding, i.e. 20 days before expected ovulation 
(group LONG).

Laparoscopic intrauterine insemination (LIUI): All gilts were insemi-
nated laparoscopically 31 h after GnRH application with 20 ml/uterine 
horn of extended, fresh boar semen (30 × 106 sperm cells/ml; 65% motil-
ity) as described previously [5–6]. Anaesthetized gilts were fixed in a dor-
sal position. A pneumoperitoneum with CO2 was automatically pro duced 
(Endo Tech, Munich, Germany). Thereafter, three trocar cannulas (Storz, 
Tuttlingen, Germany) were inserted into the abdomen for op tics (ETB, 
Berlin, Germany) and grasping forceps (NeoMed, Gutach/Bleibach, Ger-
many). All laparo scopic handling was observed on a video monitor ing 
system (NeoMed, Gutach/Bleibach, Germany). For insemination, the 
uterine horn was carefully fixed with atraumatic forceps, and the uterine 
wall was punctured approximately 10 cm caudal from the uterotubal junc-
tion with a trocar, 2.5 mm in diameter. Under visual control, a 2.2-mm 
catheter (RÜSCH feeding tube, W. Rüsch AG, Kernen, Germany) con-
nected to a 20 ml syringe was inserted through the trocar cannula about 
3 cm into the uterine lumen in the direction towards the tip of the uterine 
horn, and then semen was deposited. The insemination procedure was 
repeated at the opposite uterine horn. 

Catheterisation and blood sampling: Two days before the end of the 
altrenogest feeding, a silicon catheter (1.6 mm ID, 3.2 mm OD, AMT, 
Düsseldorf, Germany) was inserted into the Vena jugularis of  23 gilts  
(INTACT, n = 8; SHORT, n = 8; LONG, n = 7) as described previous-
ly [7]. Blood samples (each 5 ml) were collected in  heparinized tubes 
(SARSTEDT, Nürnbrecht, Germany) three times a day (08:00, 12:00 and 
16:00) on days 1 to 23 after altrenogest feeding (day -5 to 17 of gestation) 
and additionally in 4 h-intervals on gestation days 0 – 1 and 13 – 15, re-
spectively. The blood samples were centrifuged immediately at 1,800 g for 
15 min. The plasma samples were pipetted into tubes and stored at -20 °C 
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until use. After every blood collection, the catheter was filled with 3 ml 
of 3% Na-citrate. Prior to blood collection, the citrate within the catheter 
together with the first 3 ml of blood was discharged.

Progesterone and estradiol 17β assays: The plasma concentrations 
of progesterone (P4) were measured by a direct 3H-RIA in 10-µl dupli-
cates as described previously [8]. The range of  the standard curve was 
from 6.25 to 1,600 pg/ml. The incubation steps were performed at 37 °C 
for 30 min and at 4 °C for 2 h. The B/F separation was performed by the 
dextran-charcol method. Counting of radioactivity was made by a Liquid 
Scintillation Counter with integrated RIA program (Tri-Carb 2900TR, 
Perkin-Elmer, Rodgau, Germany). The intra- and interassay CVs were 7.6 
and 9.8%, respectively.

The analysis of plasma estradiol (E2) was performed by a modified 
3H-RIA after ethyl ether extraction of 100 µl samples in duplicates [9]. 
The antibody raised in rabbits and purified by chromatography was used 
at a titre of 1:55,000 together with [2,4,6,7-3H]-estradiol 17β (GE Health-
care, Freiburg, Germany). Incubation steps and counting procedure were 
the same as for P4. The sensitivity of the RIA was 3 pg/ml. The intra- and 
inter-assay CVs were 6.9 and 9.9%, respectively.

Animal slaughter and measurements: Gilts were slaughtered on day 
30 of gestation and the reproductive tract was removed. Thereafter, the 
number of corpora lutea (CL) and fetuses was counted, and the weight 
of  ovaries, of  individual CL, and of  uterus and fetuses was recorded. 
Thereby, it was distinguished between the uterine horn having an ovary 
and the opposite one, where the ovary had been ectomized.

Statistical analysis: Calculation of means and their standard deviation 
and analyses of differences in mean values between groups was carried 
using the software package SigmaPlot 11.0. Data were analyzed by One 
Way ANOVA and differences of P < 0.05 were considered as significant.
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Results

Altogether, 48 gilts were pregnant after LIUI and pregnancy rate did not 
differ between groups (INTACT – 63.6%, SHORT – 70.8% and LONG – 
73.9%, respectively, P > 0.05). Differences were obtained regarding the 
number of CL (Table 1). In gilts of the LONG group, the remaining ovary 
revealed a significant higher number (P < 0.05) compared to that of the 
ovaries of the other groups, however, it was similar to the total CL number 
in the control (INTACT) group. The total CL weight was different; how-
ever, the calculated mean weight of an individual CL and the CL weight 
per fetus did not differ between groups (P > 0.05). Also, the number of fe-
tuses differed (Table 2). In the SHORT group, the total number of fetuses, 
as well as the number of fetuses in the discrete uterine horns was lower 
(P < 0.05) compared to the INTACT and LONG groups. Comparing the 
distribution of fetuses in the uterine horns, in both uni-OVX groups a sig-
nificant higher (P < 0.05) percent was observed always in that horn bear-
ing the ovary.

Differences in  fetus weight were also found (Table 3). Total weight 
of  fetuses was lower (P < 0.05) in  the SHORT compared to the LONG 
group. However, in the uterine horn with an ovary, the weight of fetus-
es was identical in all groups, but in the OVX side of the SHORT group 
it was lower (P < 0.05) compared to the respective INTACT and LONG 
groups, and to its opposite uterine horn. Embryo mortality did not differ 
between groups (P > 0.05) and was 24% (INTACT), 19% (SHORTT) and 
14% (LONG), respectively.
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Table 1. Numbers and weights of corpora lutea (CL) and numbers of fetuses in intact 
(INTACT) and short (SHORT) or long term before ovulation (LONG) unila-
teral ovariectomized gilts 

Group Pregnant 
gilts (n)

Corpora 
lutea
(n)

Total CL 
weight

(g)

Weight / CL
(g)

Number 
of fetuses

CL weight / 
fetus
(g)

means ± SE means ± SE means ± SE means ± SE means ± SE

INTACT 14 20.6 ± 1.9a 10.65 ± 0.81a 0.48 ± 0.03 15.0 ± 1.0a 0.65 ± 0.05

ipsilateral 9.9 ± 0.8b 4.66 ± 0.37b

contrala-
teral 10.5 ± 1.3b 5.99 ± 0.68b

SHORT 17 10.9 ± 0.7b 5.83 ± 0.24b 0.56 ± 0.03 8.7 ± 0.5b 0.69 ± 0.05

LONG 17 17.5 ± 0.8a 9.38 ± 0.56a 0.55 ± 0.03 14.4 ± 1.1a 0.68 ± 0.05

a,b P<0.05, Means ± SE with different superscripts differ within a column

Table 2. Numbers and distribution of  fetuses in  the OVX- and opposite uterine 
horn of intact (INTACT) and short (SHORT) or long term before ovulation 
(LONG) unilateral ovariectomized gilts 

Group Gilts (n)
Embryos per uterine horn

Total OVX-horn# Opposite horn#

means ± SE means ± SE % means ± SE %

INTACT 14 15.0 ± 1.0a 7.7 ± 0.6a 51.3 ± 1.7a 7.3 ± 0.6a 48.6 ± 1.7a

SORTT 17 8.7 ± 0.5b 4.4 ± 0.4b 44.1 ± 3.9A 4.4 ± 0.4b 55.9 ± 3.8B

LONG 17 14.4 ± 1.1a 6.1 ± 0.8A 39.5 ± 3.8b,A 8.9 ± 0.5a,B 60.5 ± 3.8b,B

# in the INTACT group, the data are respective for the ipsi- and contralateral uterine horn
A,B P < 0.05 – Means ± SE with different superscripts differ between the uterine horns with and without 
an ovary
a,b P < 0.05 – Means ± SE with different superscripts differ between groups
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Table 3. Numbers and weights of fetuses in uterine horns of  intact (INTACT) and 
short (SHORT) or long term before ovulation (LONG) unilateral ovariec-
tomized gilts 

Group

Fetuses (n) Fetus weight (g)

total OVX-
horn

Opposite 
horn total OVX-horn# Opposite 

horn#

INTACT 210 108 102 1.41 ± 0.02 1.39 ± 0.03A 1.43 ± 0.02

SHORT 148 71 77 1.38 ± 0.02A 1.32 ± 0.03a,B 1.43 ± 0.02b

LONG 255 111 144 1.44 ± 0.01B 1.46 ± 0.02A 1.43 ± 0.02

# in the INTACT group, the data are respective for the ipsi- and contralateral uterine horn
A,B P<0.05, Means ± SE with different superscripts differ within a column
 a,b P<0.05, Means ± SE with different superscripts differ within a row

Table 4. Numbers of corpora lutea and concentrations of preovulatory estradiol and 
early luteal phase progesterone in intact (INTACT) and short (SHORT) or 
long term before ovulation (LONG) unilateral ovariectomized gilts 

Group Gilts (n)
Corpora lutea Estradiol (pg/ml) Progesterone (ng/ml)

means ± SE means ± SE means ± SE

INTACT 4 20.6 ± 1.9 6.11 ± 0.28 4.22 ± 0.52a

SHORT 6 10.9 ± 0.7 5.74 ± 0.36a 2.91 ± 0.47b,A

LONG 6 17.5 ± 0.8 8.40 ± 0.77b 4.44 ± 0.69B

a,b P < 0.05, Means ± SE with different superscripts differ within a column; A,B P = 0.06

Pregnant gilts revealed a typical steroid hormone pattern (Figure 1). 
However, differences were observed between groups regarding estradiol 
and progesterone. The preovulatory E2 concentrations (day 1–5 after al-
trenogest) were higher (P < 0.05) in the INTACT and LONG groups com-
pared to SHORT (Table 4). Also, the early luteal phase P4 levels (day 0–5 
of gestation) differed between these groups. 
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Figure 1. Mean (± SE) progesterone (ng/ml) and estradiol 17ß (pg/ml) concentrations in intact 

(INTACT) and short (SHORT) or long term before ovulation (LONG) unilateral 

ovariectomized gilts 

 

 

Figure 1. Mean (± SE) progesterone (ng/ml) and estradiol 17ß (pg/ml) concentra-
tions in intact (INTACT) and short (SHORT) or long term before ovulation 
(LONG) unilateral ovariectomized gilts

Discussion

Our results confirm previous data that the time point of uni-OVX in-
fluences ovarian follicle compensation. Ovariectomy long time [4, 10] 
but not immediately before ovulation permits compensation of follicle 
recruitment [2, 11]. In our study, uni-OVX 20 days before subsequent 
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ovulation allowed the remaining ovary to compensate the number of CL 
(17.5 ± 0.8) similar to the control group (20.6 ± 1.9). Similar, Knight et al. 
[10] observed 13.0 ± 1.9 vs. 11.8 ± 0.9 CL and Athorn et al. [4] 15.9 ± 0.8  
vs. 15.7 ± 0.6 CL, respectively. However, uni-OVX immediately before 
ovulation significantly decreased the number of CL (10.9 ± 0.7) simi-
larly to 9.5 ± 1.2 vs. 14.1 ± 1.2 in the study of Clark et al. [2].

In our study, there was no influence of uni-OVX on CL weights. 
Although, the total CL weight was higher in gilts of the INTACT and 
LONG groups due to the significant higher CL number, the mean indi-
vidual CL weights were in the range of 0.48 to 0.56 g and did not differ 
between groups. In previous experiments [12–15] similar CL weights 
were reported for intact gilts (0.42, 0.53, 0.55 and 0.42 g, respectively). 
However in the study of Athorn et al. [4] the individual CL weight was 
higher in the ectomized groups (0.50 – 0.47 ± 0.02 g).

Since periovulatory uni-OVX did not compensate the number 
of CL, the number of fetuses was significantly reduced in the SHORT 
group, respectively. However, the calculated CL weight per fetus was 
not different between the control and uni-OVX groups. It can be ar-
gued that CL weight (and probably the steroid production of CL) is not 
close related to the number of  fetuses and a threshold of CL is suffi-
cient to maintain pregnancy. For instance, no correlation was observed 
between the number of  CL and plasma progesterone concentrations 
when more than five CL were present [16, 17]. As well, partial and step-
wise lutectomy to a certain degree did not affect progesterone secretion 
and pregnancy [18, 19]. Also Athorn et al. [4] did not find a relation-
ship between luteal weights and systemic P4 levels.

Fetuses were distributed equally in  the uterine horns of  the IN-
TACT group; however, in the uni-OVX gilts a significantly higher pro-
portion of  fetuses were in  the horn bearing the ovary. This was also 
stated in the study of Athorn et al. [4]. The presence of the ovary and its 
local supply of P4 can favor the environment of the appendant uterine 
horn for implantation of embryos and fetal development. As previously 
reported [20, 21], the local counter current transfer of P4 from ovar-
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ian veins to uterine arteries as well as the transport via the lymphatic 
system benefits the supply of P4 to the uterus and on this way preg-
nancy. The positive effect of the ovary was also visible with regard to 
fetal weight. In all groups, identical fetus weights were recorded in the 
uterine horn which bears the ovary. Furthermore, only in the SHORT 
group, the mean weight of fetuses from the OVX- compared to the op-
posite horns was lower. Such lower weight was also found comparing 
the OVX-horns of  both ovariectomized groups. Lower weight of  fe-
tuses (-12%) in the OVX-horn was also reported by Athorn et al. [4].

Steroid hormones play a crucial role during pregnancy. Pro-
gesterone of  luteal origin is involved in  endometrial differentia-
tion and cell proliferation, and has a stimulatory effect on uterine 
secretion of  different compounds [22–24]. The progesterone con-
centration curve obtained in  the present experiment was simi-
lar to that detected in  previous studies in  pregnant pigs [25–28]. 
However, the lower number of  CL after uni-OVX in  the SHORT 
group influenced the progesterone levels during the early luteal 
phase (SHORT < INTACT, P < 0.05; SHORT < LONG, P = 0.06). 
Little change in  plasma P4 was also observed following uni-OVX 
in previous study [18] and the absence of CL significantly effected pro-
gesterone concentrations in the ovarian and uterine veins of the ovari-
ectomized uterine side [29]. Uni-OVX effected also the preovulatory 
E2 concentration in the SHORT group. To our knowledge, there are no 
experimental data on E2 concentrations in  the peripheral plasma af-
ter ULO. However, Kramer and Lamberson [13] reported significantly 
lower estrogen concentration in the follicular fluid after short term vs. 
long term uni-OVX and controls, respectively. 

In summary, compared to intact gilts, the development of the re-
maining ovary could be compensated only when uni-OVX was per-
formed considerably before subsequent ovulation. Unilateral OVX 
shortly before ovulation affects (1) the total number of CL and fetuses, 
(2) the distribution and weight of fetuses in the uterine horns and (3) 
steroid hormone levels. Therefore, the time window, but not the unilat-
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eral ovariectomy per se, which alters the local supply of progesterone, 
has an impact on fetal development and survival.

Abbreviations:

List of  abbreviation: CL = corpus luteum, eCG = equine chorionic go-
nadotropin, E2 = estradiol GnRH = gonadotropin releasing hormone,  
LIUI = laparoscopic intrauterine insemination, IU = international unit, 
P4 = progesterone uni-OVX = unilateral ovariectomy, vs. = versus
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