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Do uterine PTGS2, PGFS, and PTGFR expression play a role in canine 
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Abstract
The aetiology of primary uterine inertia (PUI), which is the most common cause of canine dystocia, is still not elucidated. 
Prostaglandins (PGs) play a crucial role in parturition. We hypothesized that the expression of prostaglandin endoperoxidase 
synthase 2 (PTGS2), PGF2α synthase (PGFS), and corresponding receptor (PTGFR) is altered in PUI. We investigated 
PTGS2, PGFS, and PTGFR mRNA expression, and PTGS2 and PGFS protein expression in interplacental (IP) and 
uteroplacental sites (UP) in bitches with PUI, obstructive dystocia (OD), and prepartum (PC). PTGS2, PGFS, and PTGFR 
mRNA expression did not differ significantly between PUI and OD (IP/UP). PTGFR ratio in UP was higher in PC than in 
OD (p = 0.014). PTGS2 immunopositivity was noted in foetal trophoblasts, luminal and superficial glandular epithelial cells, 
smooth muscle cells of both myometrial layers, and weakly and sporadically in deep uterine glands. PGFS was localized in 
luminal epithelial cells and in the epithelium of superficial uterine glands. PTGS2 and PGFS staining was similar between 
PUI and OD, while PGFS protein expression differed between OD and PC (p = 0.0215). For PTGS2, the longitudinal 
myometrial layer of IP stained significantly stronger than the circular layer, independent of groups. These results do not 
support a role for PTGS2, PGFS, and PTGFR in PUI. Reduced PGFS expression in IP during parturition compared with PC 
and the overall lack of placental PGFS expression confirm that PGFS is not the main source of prepartal PGF2alpha increase. 
The difference in PTGS2 expression between IP myometrial layers warrants further investigation into its physiological 
relevance.
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Introduction

Uterine inertia is the most common cause of dystocia 
in the parturient bitch accounting for 54.7–70% of all 
dystocia cases (Darvelid and Linde-Forsberg  1994; 
Gaudet 1985). It may negatively affect maternal as well as 
foetal health and survival, if not recognized and treated in 
time. Medical treatment of uterine inertia has a relatively 
low success rate (Münnich and Küchenmeister 2009). In 
a study, 54.3% of the treated bitches failed to respond to 

the treatment with oxytocin and/or denaverine (Münnich 
and Küchenmeister 2009). This is one of the reasons why 
affected bitches often directly undergo emergency Caesarean 
section (C-section) (Bergström et al. 2006a; Darvelid and 
Linde-Forsberg 1994; Prashantkumar and Walikar 2018). 
Although there is good agreement about how to manage 
this clinical condition, the aetiology of uterine inertia, the 
failure of functional myometrial contractions, is far from 
being understood. It is likely to be of multifactorial origin 
caused by defects at both cellular and molecular levels 
(Davidson 2011; Münnich and Küchenmeister 2009).

Previous studies on canine uterine inertia investigated 
the role of progesterone (P4) and suspected failure of 
luteolysis (Bergstrom et  al.  2010; Irons et  al.  1997; 
McLean 2012; van der Weyden et al. 1989), a possible role 
of parathyroid hormone (PTH) (Hollinshead et al. 2010), 
and the availability of ionized calcium or glucose during 
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parturition (Hollinshead et al. 2010). Other causes have 
also been postulated to predispose to uterine inertia such 
as systemic disease of the bitch, small litter size (e.g., 
single-pup syndrome), overstretching of the myometrium 
due to a large litter or excessive foetal fluids, obesity and 
fatty infiltration of the myometrium, hypocalcaemia, 
hypoglycaemia, nutritional imbalance, age-related changes, 
or genetic inheritance (Frehner et  al.  2018; Kraus and 
Schwab 1990; Linde Forsberg and Eneroth 2000; Linde 
Forsberg and Persson 2007; Simões et al. 2016).

As the aetiology is still unclear, we studied changes 
occurring at the molecular level of the uterus to explain 
contractile inability in primary uterine inertia (PUI). Our 
group recently demonstrated significant differences in 
uterine smooth muscle γ-actin and smooth muscle myosin 
gene expression between PUI bitches and dogs with 
strong labour contractions during obstructive dystocia 
(Egloff et al. 2020), while another research group found no 
association between uterine oxytocin receptor expression 
and PUI in dogs (Tamminen et al. 2019). These results are 
encouraging and indicate that further studies are needed to 
identify the respective cellular and molecular changes in the 
uterus implicated in the development of PUI.

Throughout pregnancy, the uterus undergoes substantial 
changes in order to fulfil different demands. First, the 
myometrium has to be in a stage of quiescence, which is 
mediated by luteal progesterone in the dog (Concannon 
et al. 1989; Verstegen-Onclin and Verstegen 2008). Before 
parturition, however, it is essential that the myometrium 
is activated to become a “contractile organ.” This change 
is associated with increased expression of contraction-
associated proteins, such as prostaglandin endoperoxidase-2 
(PTGS2, previously known as cyclooxygenase 2, COX2); 
receptors for prostaglandins (PGs), such as the PGF2α 
receptor (PTGFR); and oxytocin (OT) receptor, gap junction 
proteins, and proteins encoding ion channels as reviewed 
for various species, such as ewe, cow, sow, dog, and human 
(Challis et al. 2002; Cook et al. 2000; Gram et al. 2013; 
Gram et  al.  2014; Kowalewski et  al.  2010; Norwitz 
et al. 1999; Olson 2003; Patel and Challis 2001).

Kowalewski et al. (2010, 2012) have previously shown 
that the well-known significant increase of PGF2α that 
induces prepartum luteolysis and thereby initiates the 
parturition process (Baan et al. 2008; Baan et al. 2005; 
Concannon and Hansel  1977; Concannon et  al.  1988; 
Concannon et al. 1989; Olsson et al. 2003) is associated with 
a strong increase in PTGS2 mRNA and protein expression in 
the foetal trophoblasts (Gram et al. 2013; Gram et al. 2014; 
Kowalewski  2012; Kowalewski et  al.  2010). PGs are 
also known to be critically involved in the stimulation of 
myometrial contractions in sheep (Whittle et al. 2000), in 
cattle (suffering from retained foetal membranes (Takagi 
et al. 2002)), and in humans (Patel and Challis 2001). The 

role of placental or locally derived PGs as uterotonic agents 
on the myometrium has also been postulated in the dog 
(Hoffmann et al. 1999; Nohr et al. 1993) and molecular 
PGE2/PGF2α pathway analysis of bitches undergoing 
elective C-section during prepartal luteolysis support this 
(Kowalewski et al. 2010; Nowak et al. 2019).

PTGS2, the key enzyme and rate-limiting factor for 
prepartal PG synthesis (Kowalewski et al. 2010; Kowalewski 
et al. 2014; Wiltbank and Ottobre 2003), plays a central  
role in parturition. The canine PGF2α synthase (PGFS), also 
known as aldo-keto reductase family member 1 (AKR1C3), 
is the enzyme responsible for reduction of prostaglandin 
endoperoxide H2 (PGH2) to PGF2α. PGF2α is, together with 
PGE2, involved in coordination of functional myometrial 
contractions (Challis et  al.  2002; Gram et  al.  2013). 
Additionally, in the dog PGE2 can be actively utilized for 
the synthesis of PGF2α and the respective synthetic activity 
is higher at prepartum (Gram et al. 2014). Consequently, 
it seems reasonable that altered PTGS2, PGFS, or PTGFR 
mRNA and/or protein expression, function, or localization 
might lead to uterine inertia. Neither PTGS2 expression 
nor expression of other prostaglandin synthases and 
receptors has been investigated yet during normal canine 
parturition comparing it to uterine inertia. Therefore, the 
aim of our study was to investigate PTGS2, PGFS, and 
PTGFR mRNA and protein expression in interplacental 
and placentation sites of the uterus in bitches diagnosed 
with PUI and to compare it with the expression in bitches 
undergoing C-section because of obstructive dystocia 
(OD). Furthermore, uterine samples obtained from planned 
C-sections (PC) before prepartum luteolysis and from OD 
after luteolysis seem to be suitable to characterize changes 
occurring during the periparturient period.

Material and methods

Animal exper imentation was approved by the 
respective authorities (permit no. 2015-15-0201-00513, 
Dyreforsøgstilsynet Fødevarestyrelsen; permit no. 
ZH086/15, Cantonal Veterinary Office Zurich).

Animals and study design

Twenty clinically healthy bitches at term pregnancy 
presented at the respective clinics for management of 
parturition or dystocia were included in this study. C-section 
was performed only if it was medically indicated. Reasons 
for C-section were primary uterine inertia (n = 10) and 
obstructive dystocia (OD, n  =  5) (for definitions and 
grouping see 2.3). Additionally, five bitches undergoing 
planned C-sections were included. Mean body weight of the 
bitches was 20.02 ± 16.42 kg (range: 3.6–70.1 kg) and mean 
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age 3.93 ± 2.07 years (range 0.9–8.1 years). Details about the  
included dogs are given in Table 1. All bitches underwent 
a general physical and obstetrical examination, including 
blood sampling for blood cell counts, determination of 
ionized calcium and progesterone by RIA (Hoffmann 
et al. 1992; Hoffmann et al. 1994; Hoffmann et al. 1973), 
tocodynamometry (for 20 min, but only if the bitch was 
stable and the foetal heart rates were not reduced, namely 
> 200 bpm), and abdominal ultrasonography (to monitor 
foetal viability). To diagnose obstructive dystocia due to 
foetal malpresentation/-position/-posture or foetal oversize/
malformation, abdominal/pelvic x-rays (laterolateral and 
dorsoventral) were performed if digital vaginal examination 
could not rule out obstruction.

Tissue sample collection and processing

After delivery of all puppies during C-section, full 
thickness uterine samples were collected from the 
incision site (interplacental site, IP) in the uterine 
horn. The IP samples had a width of about 1 cm and the 
length of the uterine incision necessary for removal of 
the puppy/puppies during C-section. In cases where 

bitches were ovariohysterectomized, additional full 
thickness samples including the placenta were taken from 
uteroplacental sites (UP). For the preservation of tissue 
for RNA and protein extraction, full thickness samples 
from IP or UP were immersed in  RNAlater® (Ambion 
Biotechnologie, Wiesbaden, Germany) for a minimum of 
24 h at 4 °C and then stored at − 80 °C. Tissue samples 
for immunohistochemistry (IHC) were fixed in 10% 
neutral phosphate-buffered formalin at 4 °C for 24 h and 
washed several times in phosphate-buffered saline before 
dehydration in ethanol series and embedding in paraffin.

Grouping of dogs

All dogs were assigned to one of the respective groups 
based on history and clinical findings as follows (Frehner 
et al. 2018):

Group 1: Primary uterine inertia (PUI; n = 10), defined 
as bitches in birth that failed to give birth to any puppies. 
Additionally, at least one of the following criteria had 
to be present in the history of the bitch and/or during 
obstetrical examination: Signs of first stage labour 

Table 1  Breed, age, bodyweight, body condition score (BCS), and 
current pregnancy number of the bitches. Bitches were grouped into 
primary uterine inertia (PUI), obstructive dystocia (OD), and planned 
C-section before birth (PC). Details about collected samples (inter-

placental, IP, and uteroplacental, UP, tissue) and use for mRNA 
analysis and protein localization by immunohistochemistry (IHC) are 
provided

X sample available, - sample not available

Group Breed Age(years) Body 
weight 
(kg)

Body condi-
tion score

Current preg-
nancy number

Litter size mRNAanalysis IHC

IP UP IP UP

PUI (n = 10) Dachshund 6.5 6.9 6 2 2 X - X -
Boxer 5.2 29 6 1 2 X - X -
French Bulldog 1.9 - 5 2 2 X - X -
Broholmer 4.1 70.1 4 2 7 X - X -
German Shepherd 7.1 34.1 5 4 7 X - X -
Labrador 7 36 6 3 6 X X X X
Maremmano 5 40 3 - 11 X - X -
Maltese 2 7.25 4 1 8 X X X X
Beagle 4.1 19.7 5 2 9 X X X X
Kooikerhondje 2.1 13 3 1 11 X - X -

OD
(n = 5)

Cairn Terrier 3.8 11.1 5 3 6 X - X -
Staffordshire Bullterrier 2.1 12.5 3 1 4 X - X -
Mongrel 0.9 21.2 5 1 6 X X - -
WHWT 8.1 10.3 4 2 3 X X X X
Yorkshire Terrier 3.6 3.6 5 1 3 X X X -

PC
(n = 5)

WHWT 3 11.5 5 2 4 X X X X
Labradoodle 4.2 27 4 3 1 X X X -
French Bulldog 1.4 9 5 1 2 X - X -
Chihuahua 4.5 4.5 4 3 6 X X - X
French Bulldog 2 13.6 6 3 2 X X X X

253Cell and Tissue Research (2021) 385:251–264



1 3

and/or prepartum temperature drop ≥ 20 h earlier or 
the body temperature was normalized again, but no 
progress to second stage labour; no signs of abdominal 
contractions, but foetal fluids passed >  3  h and no 
progression since then; no other signs of second stage 
labour, but green vulvar discharge for > 2 h; infrequent, 
weak, unproductive abdominal contractions for more 
than 4 h without progress; and the Ferguson reflex could 
not or only weakly be triggered by digital stimulation 
per vagina (Johnston et al. 2001; Linde-Forsberg 2010). 
Tocodynamometry revealed only weak or no uterine 
contractions, and obstruction could be ruled out (digital 
vaginal examination and/or abdominal radiographs).
Group 2: Obstructive dystocia (OD; n = 5) was diagnosed 
by digital vaginal palpation and/or radiographs. These 
bitches were in second stage labour still showing strong 
spontaneous abdominal and/or uterine contractions as 
they were actively trying to deliver the pups, and showed 
strong straining after vaginal digital manipulation 
(feathering). These clinical findings were the opposite 
of the PUI group, and therefore, these bitches were 
considered well-suited for comparison of uterine 
contractile function.
Group 3: Planned C-section before birth (PC; n = 5), 
defined as bitches undergoing planned C-section due to 
e.g. brachycephalic or achondroplastic breed and high 
risk of dystocia. Bitches had no history of uterine inertia. 
At the time of C-section, serum progesterone was > 2 
ng/ml.

Grouping was done retrospectively for groups 1 and 2, 
and prospectively for group 3. Information about all dogs 
is given in Table 1.

Real‑time PCR

Total RNA from  RNAlater® immersed tissue samples was 
isolated using  Trizol® (Life Technologies, Darmstadt, 
Germany) according to the manufacturer’s protocol. 
RNA concentration and quality were assessed using a 
spectrophotometer  (NanoDrop® ND-1000, NanoDrop 
Technologies, Wilmington, USA). Full-length first strand 
cDNA synthesis was carried out using 200 ng/μl RNA per 
sample and the RevertAidFirst Strand cDNA Synthesis Kit 
(#K1622, Thermo Scientific, Waltham, MA, USA) according 
to the manufacturer’s protocol (including DNAse treatment).

To test for expression of PTGS2 (for: GGA GCA TAA 
CAG AGT GTG TGA TGT G, rev: AAG TAT TAG CCT GCT 
CGT CTG GAA T, amplicon length: 228bp, efficiency: 2.17, 
accession number: NM_001003142), PGFS (for: AAG GAC 
CCA GTT CTC AAT GC, rev: AGT TCT CCC GGA TTC TCT 
TC, amplicon length: 133bp, efficiency: 2.01, accession 
number: NM_001012344), and PTGFR (for: CAG TGC CCT 

GGT AAT CAC AG, rev: GCG GAT CCA GTC TTT ATC GG, 
amplicon length: 91bp, efficiency: 2.15, accession number: 
NM_ 001048097), quantitative real time PCR (RT-qPCR) 
was used as previously described for the canine testis (Körber 
and Goericke-Pesch 2018). RT-qPCR was performed by 
adding 2 μl cDNA (dilution 1:10) to 5 μl iQTM SYBR  
Green Supermix (Roche Diagnostics, Basel, Switzerland), 
1 μl of the forward and reverse primer (10 pmol), and 1 μl  
sterile Aqua bidest. RT-qPCR conditions were identical to  
our previously published protocol (Körber and Goericke- 
Pesch 2018): 95 °C for 5 min, 40 cycles of 95 °C for 10 s,  
60 °C for 10 s, 72 °C 20 s, and melting curve with 65–97 °C.  
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, for: 
GGC CAA GAG GGT CAT CAT CTC, rev: GGG GCC GTC 
CAC GGT CTT CT, amplicon length: 88bp, efficiency: 1.97, 
accession number: NM_001003354) and ß-actin (for: GCT 
GTG CTG TCC CTG TAT G, rev: GCG TAC CCC TCA TAG 
ATG G; amplicon length: 98bp, efficiency: 2.1, accession 
number: AF484115.1) were chosen as reference genes 
(Bustin et al. 2009), but as GAPDH was most stable, it was 
used for data analysis. All samples were run in triplicates 
using a  LightCycler®480 real-time PCR system (Software 
release 1.5.0, Version 1.5.0.39, Roche), and a non-template 
control was included in each assay. PCR efficiencies of target 
and reference genes were calculated with the Roche Light 
Cycler® 480 SW 1.5 software by using a relative standard 
curve derived from a triplet RT-qPCR run of a 2-fold dilution 
series (1:2 – 1:128) of pooled cDNA samples, where the 
efficiency (E) was: E = 10(− 1/m) with m being the slope 
of the linear regression line (Pfaffl 2001). Evaluation of 
the RT-qPCR results was an efficiency-corrected relative 
quantification according to Pfaffl (Pfaffl 2001).

The specificity of the PTGS2, PGFS, and PTGFR primers 
was checked using BLAST (http:// blast. ncbi. nlm. nih. gov), 
and results were confirmed by sequencing of PCR products 
(Beckman Coulter Genomics, United Kingdom). All primers 
were synthesized by TAG Copenhagen A/S.

Immunohistochemistry for protein expression 
of PTGS2 and PGFS

Immunohistochemistry was only performed for PTGS2 and 
PGFS due to the lack of a commercially available canine 
PTGFR antibody. Sections of 3 μm were cut from the paraffin  
embedded tissue samples and mounted on SuperFrost Plus 
microscope slides (Thermo Scientific/Menzel-Gläser,  
Braunschweig, Germany). The same primary antibodies 
against PTGS2 (monoclonal mouse anti-rat PTGS2 antibody,  
clone 33/COX-2, BD Pharmingen, Heidelberg, Germany) and  
PGFS (canine-specific custom-made polyclonal, affinity-
purified guinea pig anti-PGFS (AKR1C3), Eurogentec  
Seraing, Belgium) were used as published earlier and found 
to be specific in canine IP and UP tissue (Kautz et al. 2014; 

254 Cell and Tissue Research (2021) 385:251–264

http://blast.ncbi.nlm.nih.gov


1 3

Kowalewski et al. 2010; Kowalewski et al. 2014). Following  
deparaffinization and rehydration, an immunoperoxidase 
method was applied as previously described (Körber and 
Goericke-Pesch 2018) using the above described primary 
antibodies (PTGS2 antibody, dilution 1:100 corresponding to  
1.25 µg/mL; PGFS antibody, dilution 1:750) and a biotinylated 
horse anti-mouse IgG (BA-2000, Vector Laboratories, 
dilution 1:200, 0.0075 µg/ml). The secondary antibodies 
were a biotinylated horse anti-mouse IgG (BA-2000, Vector 
Laboratories, dilution 1:200, 0.0075 µg/ml for PTGS2), and a 
biotinylated goat anti-guinea pig antibody (BA-7000, Vector 
Laboratories, dilution 1:100, 2 µg/ml for PGFS) diluted in 
10% horse (PTGS2) or goat serum (PGFS). Negative controls 
were performed using irrelevant isotype controls at the same 
protein concentration (PTGS2: Mouse IgG I, clone W3/25; 
PGFS: Guinea Pig IgG I-7000, LINARIS Biologische 
Produkte GmbH, Dossenheim, Germany) and depletion of 
the primary antibody. Canine ovarian tissue including corpora 
lutea was used as positive control for PTGS2 (Kowalewski 
et al. 2006).

Evaluation of the PTGS2 staining was performed by 
two independent researchers, whereas PGFS was evaluated 
by a single observer using an BX41TF light microscope 
(Olympus Europa SE & Co. KG, Hamburg, Germany). 
All researchers were blinded to the groups. For each dog, 
the localization of the immunopositive signals indicating 
the presence of PTGS2 or PGFS protein was assessed. 
Furthermore, a detailed evaluation of positively stained 
cell types was performed for each dog evaluating the 
staining intensity in the longitudinal and circular muscle 
layers by a predefined scale (ordinal score system; 0: 
no; 1: weak, 2: strong, 3: very strong). For PTGS2, the 
longitudinal and circular myometrial muscle layers of the 
IP and UP samples were evaluated, taking the staining of 
the cytoplasm and the cytoplasmic granules of the smooth 
muscle cells individually into consideration. In case of 
PGFS, a detailed evaluation of the cytoplasmatic and 
nuclear staining intensity in the uterine luminal epithelial 
cells and the glandular epithelium of the superficial uterine 
glands in the IP and UP samples (evaluated together) was 
done following the immunoreactive score (IRS) method, 
a method well-known for evaluation of heterogenic IHC 
samples (Fedchenko and Reifenrath 2014). Multiplying the 
signal intensity with its proportion and then summarizing 
the categories have been shown to give a more accurate 
result (Specht et al. 2015); therefore, the multiplication with 
summation method was used here.

Statistical analysis

For all statistical analysis, Microsoft Excel (Windows XP; 
Microsoft) and the statistical software program Graph Pad 

Prism7 (GraphPad Software, Inc., La Jolla, USA) were used. 
Values were statistically significant at a level of p ≤ 0.05.

The primary overall aim was to identify changes due to 
PUI by comparison of PUI and OD samples. Furthermore, 
we aimed to identify changes in the periparturient period 
(before and after luteolysis) comparing PC and OD samples. 
Significant differences in PTGS2, PGFS, and PGTFR mRNA 
or PTGS2 and PGFS protein expression were investigated 
between groups (PUI versus OD and PC versus OD, 
individually for IP and UP each). All datasets were initially 
tested for normal distribution by Shapiro-Wilk test before 
further analysis was conducted.

Logarithmic transformation of PTGS2 and PGFS mRNA 
expression (ratio) data revealed normal distribution. An 
unpaired t test was applied to test for significant differences 
between PUI and OD or PC and OD. For PTGFR, all data 
except PC versus OD (UP) was also normally distributed, so 
in this one case, the Mann-Whitney test was used to identify 
significant differences between the groups.

PTGS2 protein expression was descriptive followed 
by more detailed analysis of the myometrial staining. The 
myometrium was selected for further evaluation as it exhibited 
the most pronounced staining intensity (see “Results”). All 
these individual results obtained from both independent 
evaluators were compared for inter-evaluator agreement using 
the weighted kappa (K) coefficient on raw data (Jakobsson 
and Westergren 2005). As the inter-evaluator agreement was 
found to be “very good” with the weighted K coefficient being 
83.8, the mean values of both evaluators were used for all 
further analysis resulting in individual “staining means” of the 
cytoplasm and the granules of the longitudinal and the circular 
muscle layer for each sample, respectively.

To test for significant differences between the respective 
groups regarding the scoring intensity of the PTGS2 protein, 
an overall myometrial staining score (OMSS) was calculated 
for each dog. Due to group size, these calculations were 
only performed for IP, but not for UP samples. To calculate 
the OMSS, initially an individual score of the longitudinal 
and the circular myometrial layer was calculated based on 
the mean of the scores of the cytoplasmatic staining and 
the granular staining of the respective layer. These scores 
(mean longitudinal/circular score) were used to calculate 
the mean staining intensity of the circular and longitudinal 
muscle layer with OMSS = ((mean longitudinal score + 
mean circular score)/2). The myometrial staining intensity 
(OMSS) in IP tissue samples was compared between PUI 
and OD samples to identify possible differences due to 
uterine inertia as well as between OD and PC to identify 
differences between before and in birth using the Mann-
Whitney test. To test for differences between staining 
intensity between the longitudinal and circular muscle layer 
of the IP samples in dogs in birth, data of all PUI and OD 
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bitches were summarized and analysed using the Wilcoxon 
signed rank test.

Due to the tissue localization pattern of the PGFS protein 
(see “Results”), endometrial staining intensity was evaluated 
in IP and UP. Endometrial “staining means” were derived 
from cytoplasmatic and nuclear staining (nuclear staining 
intensity + cytoplasmatic staining intensity/2) and used for 
all further statistical calculations. Following the Shapiro-
Wilk test, the endometrial staining intensity was compared 
in both IP and UP tissues between PUI and OD to identify 
possible differences due to uterine inertia as well as between 
OD and PC to identify differences between before and in 
birth using an unpaired t-test.

Results

PTGS2, PGFS, and PTGFR mRNA expression

PTGS2, PGFS, and PTGFR mRNA expression (ratio) did not 
differ significantly (p > 0.05) between PUI and OD neither 
in IP nor in UP tissue samples (Fig. 1). Also, no significant 
differences (p > 0.05) were found comparing PTGS2 and 
PGFS ratios between OD and PC in IP and UP tissue 
samples (Fig. 2a, b). PTGFR mRNA expression (ratio), 
however, was significantly increased in PC compared with 
OD in UP tissue samples (p = 0.014), whereas no difference 
was found in IP tissue samples (p > 0.05) (Fig. 2c).

Fig. 1  Relative gene expression (ratio, x̅g (DF)) of a prostaglandinen-
doperoxidase-2 (PTGS2), b prostaglandin F2α synthase (PGFS),  
and c prostaglandin F2α receptor (PTGFR) in interplacental (IP) and 

uteroplacental (UP) tissue homogenates comparing samples from 
bitches diagnosed with primary uterine inertia (PUI) or obstructive 
dystocia (OD)

Fig. 2  Relative gene expression (ratio, x̅g (DF)) of a prostaglandinen-
doperoxidase-2 (PTGS2), b prostaglandin F2α synthase (PGFS),  
and c prostaglandin F2α receptor (PTGFR) in interplacental (IP) and 
uteroplacental (UP) tissue homogenates of bitches diagnosed with 

obstructive dystocia (OD) or presented for planned C-section before 
birth (PC). * indicates a significant difference (p  ≤  0.01) between  
relative PTGFR gene expression in UP tissue homogenates of bitches 
with OD and PC
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PTGS2 and PGFS protein expression

Immunohistochemistry revealed a regular specific 
immunostaining for PTGS2 and PGFS in all samples 
investigated. The specific staining against PTGS2 was observed 
in foetal trophoblast cells of the placental labyrinth (Fig. 3a), 
endometrial epithelial cells (Fig. 3b), and smooth muscle 
cells of both myometrial layers (Fig. 3c, d) with the myocytes 
staining strongest compared with all other immunopositive 
cells. Additionally, some deep uterine glands stained weakly 
(not shown). Interestingly, trophoblast cell staining intensity 
and distribution varied between animals with a strong, uniform 
staining of the entire trophoblast in the OD UP sample  
(n  =  1) and an incomplete/inhomogeneous staining of 
the trophoblast in PUI UP samples (n = 3). Due to the low  
number of UP samples, no statistical analysis was performed.

Subjectively, PTGS2 staining intensity of endometrial cells 
and uterine glands did not differ between groups and sample 
localization. Overall myometrial staining score (OMSS), 
representing myometrial PTGS2 protein expression (IP 
samples only), did not differ between experimental groups 
(OD vs PUI or PC). Because signal intensity seemed to differ 
between the longitudinal and circular myometrial layer in 
IP samples, systematic scoring was performed and analysed 
statistically. Comparing PTGS2 expression between these two 
myometrial layers of the IP in all bitches in birth (PUI and OD 
summarized), the staining intensity was significantly higher in 
the longitudinal compared with the circular myometrial layer 
(p = 0.0001) (Fig. 4).

The UP expression of PGFS was localized in the uterine 
luminal epithelial cells (glandular chambers) (Fig. 5b) and 
the glandular epithelium of the superficial glands (Fig. 5c). 

Fig. 3  PTGS2 protein localization as revealed by immunohisto-
chemical (IHC) staining in canine uterine tissue (a uteroplacenta, UP; 
b–e interplacenta, IP). a Placenta, b uterine luminal epithelium and 
superficial uterine glands, c and d myometrium (c Stratum circulare, 
d Stratum longitudinale), and e isotype control for PTGS2 given as 

insert. Specific cell types are indicated with symbols: (➪), uterine 
luminal epithetal cells, (➤) = glandular epithelium of superficial 
uterine glands, (➨) = myocites, (△) = maternal decidual cells, (▲) 
= fetal trophoblast cells, (*) = blood vessels
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No signal was detectable in the myometrial layers (Fig. 5d), in 
uterine stromal cells, or in the placental labyrinth (Fig. 5a) in any 
of the groups. In some dogs, a very weak signal was observed in 
the glandular epithelium of the deep uterine glands (not shown). 
The mean endometrial staining scores did not differ between 
PUI and OD, whereas a significant difference (p = 0.0215) was 
found between PC and OD in IP tissue samples (Fig. 6) with 
higher endometrial expression in the PC group.

Discussion

Currently, our knowledge about the underlying aetiology 
of canine PUI is still very limited and most studies refer 
to hormones and metabolic blood parameters, such as 
progesterone, oxytocin, calcium, and glucose (Bergstrom 
et al. 2010; Bergström et al. 2006b; Davidson 2011; Frehner 
et al. 2018; Hollinshead et al. 2010; Kraus and Schwab 1990; 
Lucio et al. 2009).

PUI is characterized by inadequate/insufficient uterine 
contractions, and PTGS2 and prostaglandins play an essential 
role in the coordination of uterine contractions (Challis 
et al. 2002; Noakes et al. 2009, Senior et al. 1991; Senior 
et al. 1993; Senior et al. 1992). Consequently, the aim of this 
study was to identify the role of PTGS2, PGFS, and PTGFR in 
the aetiology of PUI. Collecting uterine/uteroplacental samples 
from eutocic bitches with normal, effective myometrial 

contractility is not possible in a clinical setting, and subjecting 
a bitch with normal labour progression to surgery only for 
research sample collections is of severe ethical concern and 
not appraised by the authors. In contrast, samples derived 
from bitches diagnosed with obstructive dystocia still showing 
strong labour contractions were available and therefore used 
for comparison. We have previously described OD as a control 
for comparison of uterine contractile proteins actin and 
myosin with PUI (Egloff et al. 2020), and Tamminen et al. 
(2019) also used the OD group for comparison of the uterine 
oxytocin receptor expression in dystocic bitches (Tamminen 
et al. 2019). It is without a doubt that OD is not equal to 
normal parturition as progress of parturition ceases due to 
obstruction, revealing not a physiological situation. However, 
based on the history, the detailed clinical examinations, the 
fact that all OD bitches showed strong straining in response 
to vaginal digital manipulation (feathering) as well as strong 
spontaneous abdominal and/or uterine contractions, we 
concluded that the dogs still had uterine contractions and 
did not reach uterine fatigue and secondary inertia yet. Even 
if digital vaginal manipulation is a spinal reflex and does 
not necessarily represent uterine contractions in all cases, 
they can be confirmed by tocodynamometry in some and 
are frequently used for decision-making of the clinician. 
Furthermore, three of the OD bitches gave birth to one 
or two puppies before obstruction indicating that uterine 
contractility had been adequate initially. The current literature 
about tocodynamometry patterns in OD bitches is scarce 
and controversial: Schröder (2008) and Davidson (2003a, b) 
reported significantly altered contraction patterns in case of 
OD, whereas Tamminen (2020) recently showed that mean 
number of contractions/10 min, change of amplitude % units 
(mean), interval between contractions, and durations of 
contractions did not differ between OD and normal parturition 
(Davidson 2003a, b; Schröder 2008; Tamminen 2020).

The PC group was considered to represent the uterine 
status before prepartal luteolysis, namely, the status before 
birth. As reviewed and investigated in detail, significant 
endocrine changes occur before birth, such as the prepartum 
luteolysis (Concannon 2011; Kowalewski 2012; Kowalewski 
et al. 2015; Kowalewski et al. 2020) as well as significant 
changes in placental gene expression. Although Kowaleweski 
and coworkers investigated in detail the changes during canine 
pregnancy, they focused on the comparison of early, mid 
pregnancy and prepartum luteolysis (Kowalewski et al. 2020; 
Nowak et al. 2019). To the best of our knowledge, uterine gene 
expressions have not been compared between tissues obtained 
from before and after prepartal luteolysis, with the latter being 
represented by OD in our study. Even if the C-section was 
planned because bitches were considered to have a high risk of 
dystocia, bitches had no history of PUI earlier. A limitation of 
this group is the small sample size and the fact that one of the 
bitches had a single-pup pregnancy.

Fig. 4  Mean PTGS2 staining intensity score as revealed by immuno-
histochemistry in the two myometrial layers (circular versus longitu-
dinal) of interplacental tissue from bitches in labour (primary uterine 
inertia, PUI, and obstructive dystocia, OD, combined) **** indicates 
a significant difference between the mean staining scores of the circu-
lar and the longitudinal uterine muscle layer (p ≤ 0.0001)
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Although PTGS2, PGFS, and PTGFR mRNA expression 
was verified in all samples as previously described in prepartal 
bitches in UP samples (Kowalewski et al. 2010; Kowalewski 
et al. 2014), other than hypothesized, no significant differences 
were identified between the PUI and OD groups (IP and 
UP). This indicates a questionable role for PTGS2, PGFS, 
and PTGFR expression in the aetiology of PUI. While no 
significant differences between OD and PC were identified for 
PTGS2 and PGFS in IP and UP samples, our finding of different 
uteroplacental PTGFR expression between these groups suggest 
that in dogs, PTGFR expression is significantly modulated 
during the onset of parturition. It is plausible that as labour 
ensues and uterine contractions proceed, concomitant with large 
increases in peripheral PGFM concentrations (Baan et al. 2008; 
Baan et al. 2005; Concannon and Hansel 1977; Concannon 
et  al.  1988; Concannon et  al.  1989; Olsson et  al.  2003), 
the sensitivity of the UP to PGF2α decreases. Whether 

downregulation of PTGFR expression in UP is primarily due to 
changes in the placental labyrinth rather than the endometrium 
or myometrium, it needs further verification.

In order to confirm the lack of significant differences in 
PTGS2, PGFS, and PTGFR mRNA expression, mRNA 
retrieval from individual uterine layers (placenta/endometrium/
myometrium) and subsequent “layer-specific” mRNA 
expression analysis may be performed for comparison between 
groups and localizations. To what extent the small sample sizes 
(especially in UP samples) and heterogeneity of our groups 
in terms of breeds/body weight and litter size might have had 
an impact on the results remains to be clarified. In our studies 
on PUI (Egloff et al. 2020); Frehner et al., submitted) using 
very similar groups of dogs, the bitches’ body weight was 
found to have no effect on IP gene expression. Although breed 
differences may be considered, body weight is probably a better 
indicator of dog size variability. The heterogeneity of samples 

Fig. 5  PGFS protein localization as revealed by immunohistochemi-
cal (IHC) staining in canine uteroplacental tissue (a+b: uteropla-
centa, UP; c–e: interplacenta, IP). a Placenta, b epithelial cells of the 
glandular chambers, c superficial uterine glands, d myometrium, and 
e isotype control for PGFS given as an insert. Specific cell types are 

indicated with symbols: (➪) = uterine luminal epithetal cells, (➤) = 
glandular epithelium of superficial uterine glands, (➨) = myocites, 
(△) = maternal decidual cells, (▲) = fetal trophoblast cells, (*) = 
blood vessels
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included in this study is representative for the existing breeding 
population and reflects “real-life situation.”

PTGS2 protein expression was identified in all groups 
within foetal trophoblast cells (UP only), luminal epithelial 
cells and uterine glands in the endometrium, and myocytes of 
both myometrial layers. This localization pattern found in our 
tissue samples is in good agreement with previous studies on the 
pregnant canine uterus (Kowalewski et al. 2010; Kowalewski 
et al. 2014). Interestingly, some variation between animals and 
groups was observed in foetal trophoblast cell staining in a 
relatively small sample size. Recently, the comparative functions 
of placental trophoblast cells had been reviewed in different 
animal species, such as ruminants, pig, horse, dog, and cat (Peter 
et al. 2017). This review clearly summarizes our still restricted 
understanding of this cell population in animal reproduction in 
general, but also specifically in canine parturition. It remains 
to be further investigated, if the incomplete/inhomogeneous 
distribution of PTGS2 protein in the trophoblast cells of PUI 
samples (n = 3) was a coincidence or is important for uterine 
inertia itself or for its development.

Additionally, immunohistochemistry revealed the presence 
of PTGS2 protein in IP and UP myocytes, which had the 
strongest signals compared with all other immunopositive cell 
types. Whether the myometrium produces or contributes to 
PG, production relevant for parturient uterine contractions is 
contradictory in different species. Whereas in the rat, myometrial 
PTGS2 levels were found to increase with the onset of labour 
(Dong et al. 1996), myometrial PTGS2 mRNA and protein 
expression in women was reported to increase (Erkinheimo 

et al. 2000), decrease (Zuo et al. 1994), or remain unchanged 
(Moore et al. 1999; Myatt and Moore 1994; Sparey et al. 1999) 
at the onset of labour at term and preterm (Challis et al. 2002). 
By comparing myometrial staining intensity between OD and 
PC, our results indicate that in the dog, myometrial PTGS2 
expression does not seem to be substantially modulated during 
parturition. A previous study in pregnant dogs found that 
PTGS2 mRNA expression increased in UP tissue homogenates 
at prepartum luteolysis compared with early and mid-gestation 
(Kowalewski et al. 2010, Kowalewski et al. 2014), and the 
protein was strongly expressed in foetal trophoblasts indicating 
the importance of PTGS2 of placental origin during canine 
parturition. We could not verify significant differences in 
the overall myometrial staining score between OD and PUI. 
Therefore, a causative role of myometrial PTGS2 expression 
in PUI is not supported. Quantification of protein expression by 
Western blotting comparing myometrial PTGS2 expression in 
samples of PUI and OD bitches might confirm this observation.

Our finding of stronger PTGS2 protein signals in the 
longitudinal compared with the circular myometrial layer 
is new and may indicate different contractile abilities of 
the two myometrial layers. This has been shown by Gogny 
et  al. using canine non-pregnant uterine strips in organ-
bath and confirming a stronger response of the longitudinal 
compared with the circular myometrial layer to PGF2α 
(Gogny et al. 2010). In contrast to our findings, in pregnant 
rats, strongest myometrial staining was localized in the circular 
muscle layer, while only negligible staining was found in the 
longitudinal layer (Dong et al. 1996). It remains to be clarified 
in future studies if these findings reflect indeed species-specific 
differences. Additionally, tissue dissection and individual 
preparation of both myometrial layers for subsequent PTGS2 
mRNA and PTGS2 protein expression analysis by Western 
Blot seem to be advisable for future studies.

The protein expression of PGFS found in our samples 
was also in agreement with previous studies on canine 
pregnant uterus tissue using the same antibody (Gram 
et  al.  2013; Kowalewski et  al.  2010; Kowalewski 
et  al.  2014). The only cell types that were positively 
staining for PGFS in all samples were the uterine 
luminal epithelial cells and the glandular epithelium 
of the superficial glands (glandular chambers of UP). 
Endometrial staining intensity was significantly higher 
in IP samples of PC than in OD (p = 0.0215), which is 
in line with the findings of Gram et al (2013) describing 
decreased PGFS protein expression at prepartum 
luteolysis compared with midgestation (days 35–40 of 
pregnancy) using western blotting in canine UP tissues 
(Gram et al. 2013). Our data indicate that PGFS protein 
expression in IP tissues decreases even further after 
prepartal luteolysis, when concomitant significant 
increases of PGFM are reported (Baan et al. 2008; Nohr 
et al. 1993). Additionally, no staining was found in the 

Fig. 6  Mean endometrial PGFS staining intensity score as revealed 
by immunohistochemistry in canine interplacental tissues from 
bitches diagnosed with obstructive dystocia (OD) or bitches presented 
for planned C-section before birth (PC). * indicates significant differ-
ence (p ≤ 0.05) between the OD and PC groups
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placental compartment. These observations further 
underline and confirm that PGFS is not the main source 
of canine prepartal PGF2α increase. Endometrial PGFS 
protein expression was not different between the PUI and 
OD groups, and thus, it is unlikely that PGFS played a 
role in the development of PUI.

Conclusions

Our study on PTGS2, PGFS, and PTGFR expression 
br ings new knowledge to the understanding of 
parturition-associated changes in the canine uterus 
(especially the myometrium) undergoing from quiescence 
to active labour (late pregnancy to parturition, i.e. PC to 
OD), and helps to identify possible differences between 
PUI and OD. Other than hypothesized, our results do 
not support the hypothesis of a role for PTGS2, PGFS, 
and PTGFR in the aetiology of PUI in the bitch. The 
observation of an overall stronger PTGS2 expression 
in the longitudinal myometrial layer compared with 
the circular layer is new, and further studies should be 
carried out to identify the physiological relevance of this 
finding. Our observation of undetectable PGFS protein 
expression in the placental compartment of PC and OD 
and reduced expression in IP tissue further supports the 
hypothesis that PGFS is not the source of the (peri-) 
parturient PGFM increase. Decreased PTGFR expression 
in UP samples of OD compared with PC bitches may 
be a consequence of previously reported large increases 
in peripheral PGFM concentrations (Baan et al. 2008; 
Baan et  al.  2005; Concannon and Hansel  1977; 
Concannon et al. 1988; Concannon et al. 1989; Olsson 
et al. 2003) just before and during parturition, resulting 
in desensitization of the UP to the actions of PGF2α.

Acknowledgements The authors want to thank Mette Musfelth 
Nebbelunde for performing the immunohistochemistry.

Author contribution Conceptualization, Funding acquisition: IMR, 
OB, SGP; Investigation: LMR, KTAL, AKES, SBF, IMR, OB, SGP; 
Methodology: LMR, KTAL, AKES; SBF; Data curation: LMR, KTAL, 
HK, IMR, OB, SGP; Formal analysis: LMR, HK, SGP; Writing-
original draft: LMR, KTA, SGP. Writing—review and editing: MPK, 
AW, IMR, OB. The final version of the manuscript was approved by 
all authors before submission.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This work was supported by Agria and SKK Research Foun-
dation for companion animals (grant no. N2014-0002).

Declarations 

Statement of the welfare of animals All applicable national and 
institutional guidelines for the care and use of animals were followed. All 
procedures performed in studies involving animals were in accordance with 

the ethical standards of the institution at which the studies were conducted. 
Animal experimentation had been approved by the respective authorities 
(permit no. 2015-15-0201-00513, Dyreforsøgstilsynet Fødevarestyrelsen; 
permit no. ZH086/15, Cantonal Veterinary Office Zurich).

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Baan M, Taverne MAM, de Gier J, Kooistra HS, Kindahl H, Dieleman 
SJ, Okkens AC (2008) Hormonal changes in spontaneous and 
aglépristone-induced parturition in dogs. Theriogenology 
69:399–407

Baan M, Taverne MAM, Kooistra HS, Gier Jd, Dieleman SJ, 
Okkens AC (2005) Induction of parturition in the bitch with 
the progesterone-receptor blocker aglepristone. Theriogenology 
63:1958–1972

Bergström A, Fransson B, Lagerstedt A-S, Olsson K (2006a) Primary 
uterine inertia in 27 bitches: aetiology and treatment. J Small 
Anim Pract 47:456–460

Bergström A, Nodtvedt A, Lagerstedt AS, Egenvall A (2006b) 
Incidence and breed predilection for dystocia and risk factors for 
cesarean section in a Swedish population of insured dogs. Vet 
Surg 35:786–791

Bergstrom A, Fransson B, Lagerstedt AS, Kindahl H, Olsson U, Olsson 
K (2010) Hormonal concentrations in bitches with primary uterine 
inertia. Theriogenology 73:1068–1075

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, 
Mueller R, Nolan T, Pfaffl MW, Shipley GL, Vandesompele J, 
Wittwer CT (2009) The MIQE guidelines: minimum information 
for publication of quantitative real-time PCR experiments. Clin 
Chem 55:611–622

Challis JR, Sloboda DM, Alfaidy N, Lye SJ, Gibb W, Patel FA, Whittle 
WL, Newnham JP (2002) Prostaglandins and mechanisms of 
preterm birth. Reproduction 124:1–17

Concannon PW (2011) Reproductive cycles of the domestic bitch. 
Anim Reprod Sci 124:200–210

Concannon PW, Hansel W (1977) Prostaglandin F2alpha induced 
luteolysis, hypothermia, and abortions in beagle bitches. 
Prostaglandins 13:533–542

Concannon PW, Isaman L, Frank DA, Michel FJ, Currie WB (1988) 
Elevated concentrations of 13,14-dihydro-15-keto-prostaglandin 
F-2α in maternal plasma during prepartum luteolysis and 
parturition in dogs (Canis familiaris) 84:71

Concannon PW, McCann JP, Temple M (1989) Biology and 
endocrinology of ovulation, pregnancy and parturition in the dog. 
J Reprod Fertil Suppl 39:3–25

Cook JL, Zaragoza DB, Sung DH, Olson DM (2000) Expression of 
myometrial activation and stimulation genes in a mouse model of 

261Cell and Tissue Research (2021) 385:251–264

http://creativecommons.org/licenses/by/4.0/


1 3

preterm labor: myometrial activation, stimulation, and preterm 
labor. Endocrinology 141:1718–1728

Darvelid AW, Linde-Forsberg C (1994) Dystocia in the bitch—a 
retrospective study of 182 cases. J Small Anim Pract 35:402-407

Davidson AP (2003a) Diagnosis and management of dystocia. 
Reproduction in companion, exotic and laboratory animals, 2nd 
Course. Pathology of Canine and Feline Reproduction, Physiology 
and Pathology of the Neonate, Hannover

Davidson AP (2003b) Obstetrical monitoring in dogs. Vet Med 
6:508–516

Davidson AP (2011) Primary uterine inertia in four labrador bitches. J 
Am Anim Hosp Assoc 47:83–88

Dong YL, Gangula PR, Fang L, Yallampalli C (1996) Differential 
expression of cyclooxygenase -1 and -2 proteins in rat uterus 
and cervix during the estrous cycle, pregnancy, labor and in 
myometrial cells. Prostaglandins 52:13–34

Egloff S, Reichler IM, Kowalewski MP, Keller S, Goericke-Pesch S, 
Balogh O (2020) Uterine expression of smooth muscle alpha- 
and gamma-actin and smooth muscle myosin in bitches diagnosed 
with uterine inertia and obstructive dystocia. Theriogenology 
156:162–170

Erkinheimo TL, Saukkonen K, Narko K, Jalkanen J, Ylikorkala 
O, Ristimaki A (2000) Expression of cyclooxygenase-2 and 
prostanoid receptors by human myometrium. Endocrine Society, 
United States, p 3468

Fedchenko N, Reifenrath J (2014) Different approaches for 
interpretation and reporting of immunohistochemistry analysis 
results in the bone tissue—a review. Diagn Pathol 9:221

Frehner BL, Reichler IM, Keller S, Goericke-Pesch S, Balogh O (2018) 
Blood calcium, glucose and haematology profiles of parturient 
bitches diagnosed with uterine inertia or obstructive dystocia. 
Reprod Domest Anim 53:680–687

Gaudet DA (1985) Retrospective study of 128 cases of canine dystocia. 
J Am Anim Hosp Assoc 21:813-818

Gogny A, Mallem Y, Destrumelle S, Thorin C, Desfontis JC, Gogny 
M, Fieni F (2010) In vitro comparison of myometrial contractility 
induced by aglepristone-oxytocin and aglepristone-PGF2alpha 
combinations at different stages of the estrus cycle in the bitch. 
Theriogenology 74:1531–1538

Gram A, Büchler U, Boos A, Hoffmann B, Kowalewski MP 
(2013) Biosynthesis and degradation of canine placental 
prostaglandins: prepartum changes in expression and function 
of prostaglandin F2alpha-Synthase (PGFS, AKR1C3) and 
15-Hydroxyprostaglandin Dehydrogenase (HPGD)1. Biol Reprod 
89

Gram A, Fox B, Büchler U, Boos A, Hoffmann B, Kowalewski MP 
(2014) Canine placental prostaglandin E2 synthase: expression, 
localization, and biological functions in providing substrates for 
prepartum PGF2alpha Synthesis 1. Biol Reprod 91

Hoffmann B, Hoveler R, Hasan SH, Failing K (1992) Ovarian and 
pituitary function in dogs after hysterectomy. J Reprod Fertil 
96:837–845

Hoffmann B, Hoveler R, Nohr B, Hasan SH (1994) Investigations 
on hormonal changes around parturition in the dog and the 
occurrence of pregnancy-specific non conjugated oestrogens. Exp 
Clin Endocrinol 102:185–189

Hoffmann B, Kyrein HJ, Ender ML (1973) An Efficient Procedure for 
the determination of progesterone by radioimmunoassay applied 
to bovine peripheral plasma. Horm Res Paediatr 4:302–310

Hoffmann B, Riesenbeck A, Schams D, Steinetz BE (1999) Aspects on 
hormonal control of normal and induced parturition in the dog. 
Reprod Dom Anim 34

Hollinshead FK, Hanlon DW, Gilbert RO, Verstegen JP, Krekeler 
N, Volkmann DH (2010) Calcium, parathyroid hormone, 
oxytocin and pH profiles in the whelping bitch. Theriogenology 
73:1276–1283

Irons PC, Nothling JO, Volkmann DH (1997) Failure of luteolysis leads 
to prolonged gestation in a bitch: a case report. Theriogenology 
48:353–359

Jakobsson U, Westergren A (2005) Statistical methods for assessing 
agreement for ordinal data. Scand J Caring Sci 19:427–431

Johnston SD, Kustritz MVR, Olson PNS (2001) Canine and Feline 
Theriogenology W.B. Saunders Company Philadelphia, 
Pennsylvania

Kautz E, Gram A, Aslan S, Ay SS, Selçuk M, Kanca H, Koldaş E, 
Akal E, Karakaş K, Findik M, Boos A, Kowalewski MP (2014) 
Expression of genes involved in the embryo–maternal interaction 
in the early-pregnant canine uterus. 147:703

Körber H, Goericke-Pesch S (2018) Expression of PTGS2, PGFS and 
PTGFR during downregulation and restart of spermatogenesis 
following GnRH agonist treatment in the dog. Cell Tissue Res 
375:531–541

Kowalewski MP (2012) Endocrine and molecular control of luteal 
and placental function in dogs: a review. Reprod Domest Anim 
47(Suppl 6):19–24

Kowalewski MP, Beceriklisoy HB, Pfarrer C, Aslan S, Kindahl H, 
Kucukaslan I, Hoffmann B (2010) Canine placenta: a source of 
prepartal prostaglandins during normal and antiprogestin-induced 
parturition. Reproduction 139:655–664

Kowalewski MP, Gram A, Kautz E, Graubner FR (2015) The Dog: 
Nonconformist, Not Only in Maternal Recognition Signaling. 
In: Geisert RD, Bazer FW (eds) Regulation of implantation 
and establishment of pregnancy in mammals: tribute to 45 
year anniversary of Roger V. Short’s "Maternal Recognition of 
Pregnancy". Springer International Publishing, Cham, pp 215-237

Kowalewski MP, Kautz E, Högger E, Hoffmann B, Boos A 
(2014) Interplacental uterine expression of genes involved in 
prostaglandin synthesis during canine pregnancy and at induced 
prepartum luteolysis/abortion. Reproductive biology and 
endocrinology : RB&E 12:46–46

Kowalewski MP, Schuler G, Taubert A, Engel E, Hoffmann B (2006) 
Expression of cyclooxygenase 1 and 2 in the canine corpus luteum 
during diestrus. Theriogenology 66:1423–1430

Kowalewski MP, Tavares Pereira M, Kazemian A (2020) Canine 
conceptus-maternal communication during maintenance and 
termination of pregnancy, including the role of species-specific 
decidualization. Theriogenology 150:329–338

Kraus A, Schwab A (1990) The concentration of ionized and total 
calcium in the blood of female dogs with uterine inertia. Tierarztl 
Prax 18:641–643

Linde-Forsberg C (2010) Pregnancy diagnosis, normal pregnancy and 
parturition in the bitch. BSAVA Manual of Canine and Feline 
Reproduction and Neonatology, British Small Animal Veterinary 
Association

Linde Forsberg C, Eneroth A (2000) Abnormalities in pregnancy, 
parturition and the periparturient period. In: Ettinger SJ, Feldman 
EC (eds) Textbook of Veterinary Internal Medicine, vol 2. W.B, 
Saunders Company, pp 1527–1539

Linde Forsberg C, Persson G (2007) A survey of dystocia in the Boxer 
breed. Acta Vet Scand 49:8

Lucio C, Silva L, Rodrigues J, Veiga G, Vannucchi C (2009) 
Peripartum Haemodynamic Status of Bitches with Normal Birth 
or Dystocia. Blackwell Publishing Ltd, Germany, p 133

McLean L (2012) Single pup syndrome in an English Bulldog: failure 
of luteolysis. Companion Animal 17

Moore SD, Brodt-Eppley J, Cornelison LM, Burk SE, Slater DM, 
Myatt L (1999) Expression of prostaglandin H synthase isoforms 
in human myometrium at parturition. Am J Obstet Gynecol 
180:103–109

Münnich A, Küchenmeister U (2009) Dystocia in numbers—
evidence-based parameters for intervention in the dog: causes for 

262 Cell and Tissue Research (2021) 385:251–264



1 3

dystocia and treatment recommendations. Reprod Domest Anim 
44:141–147

Myatt L, Moore S (1994) Myometrium and preterm labor: steroids and 
prostaglandins. Semin Reprod Endocrinol 12:298–313

Noakes DE, Parkinson TJ, England GCW (2009) Veterinary 
reproduction and obstretics. Saunders Elsevier

Nohr B, Hoffmann B, Steinetz BE (1993) Investigation of the endocrine 
control of parturition in the dog by application of an antigestagen. 
J Reprod Fertil Suppl 47:542–543

Norwitz ER, Robinson JN, Challis JR (1999) The control of labor. N 
Engl J Med 341:660–666

Nowak M, Rehrauer H, Ay SS, Findik M, Boos A, Kautz E, 
Kowalewski MP (2019) Gene expression profiling of the canine 
placenta during normal and antigestagen-induced luteolysis. Gen 
Comp Endocrinol 282:113194

Olson DM (2003) The role of prostaglandins in the initiation of 
parturition. Best Pract Res Clin Obstet Gynaecol 17:717–730

Olsson K, Bergström A, Kindahl H, Lagerstedt A-S (2003) Increased 
plasma concentrations of vasopressin, oxytocin, cortisol and 
the prostaglandin F2a metabolite during labour in the dog. Acta 
Physiol Scand 179:281–287

Patel FA, Challis JRG (2001) Prostaglandins and Uterine Activity. 
Switzerland, S KARGER AG, p 31

Peter A, Beg M, Ahmad E, Bergfelt D (2017) Trophoblast of domestic 
and companion nimals: basic and applied clinical perspectives. 
Anim Reprod 14:1209–1224

Pfaffl MW (2001) A new mathematical model for relative quantification 
in real-time RT-PCR. Nucleic Acids Res 29:e45

Prashantkumar KA, Walikar A (2018) Evaluation of treatment 
protocols for complete primary uterine inertia in female dogs. 
The Pharma Innovation Journal 661-664

Schröder M (2008) Die nichtinvasive Wehenmessung als Methode 
zur Überwachung physiologischer und pathologischer 
Geburtsvorgänge bei der Hündin und der Welpenvitalität. Freien 
Universität Berlin, pp 102

Senior J, Marshall K, Sangha R, Baxter GS, Clayton JK (1991) In vitro 
characterization of prostanoid EP-receptors in the non-pregnant 
human myometrium. Br J Pharmacol 102:747–753

Senior J, Marshall K, Sangha R, Clayton JK (1993) In  vitro 
characterization of prostanoid receptors on human myometrium 
at term pregnancy. Br J Pharmacol 108:501–506

Senior J, Sangha R, Baxter GS, Marshall K, Clayton JK (1992) In vitro 
characterization of prostanoid FP-, DP-, IP- and TP-receptors 
on the non-pregnant human myometrium. Br J Pharmacol 
107:215–221

Simões CR, Vassalo FG, Lourenço ML, de Souza FF, Oba E, 
Sudano MJ, Prestes NC (2016) Hormonal, electrolytic, and 
electrocardiographic evaluations in bitches with eutocia and 
dystocia. Top Companion Anim Med 31:125–129

Sparey C, Robson SC, Bailey J, Lyall F, Europe-Finner GN (1999) 
The differential expression of myometrial connexin-43, 
cyclooxygenase-1 and -2, and Gs alpha proteins in the upper and 
lower segments of the human uterus during pregnancy and labor. 
J Clin Endocrinol Metab 84:1705–1710

Specht E, Kaemmerer D, Sanger J, Wirtz RM, Schulz S, Lupp A (2015) 
Comparison of immunoreactive score, HER2/neu score and H 
score for the immunohistochemical evaluation of somatostatin 
receptors in bronchopulmonary neuroendocrine neoplasms. 
Histopathology 67:368–377

Takagi M, Fujimoto S, Ohtani M, Miyamoto A, Wijagunawardane MP, 
Acosta TJ, Miyazawa K, Sato K (2002) Bovine retained placenta: 
hormonal concentrations in fetal and maternal placenta. Placenta 
23:429–437

Tamminen T (2020) Canine dystocia – oxytocin receptors, uterine 
inertia, and cardiotocography. Department of Production Animal 
Medicine, Department of Equine and Small Animal Medicine, 
Faculty of Veterinary Medicine. University of Helsinki, Finland

Tamminen T, Sahlin L, Masironi-Malm B, Dahlbom M, Katila T, 
Taponen J, Laitinen-Vapaavuori O (2019) Expression of uterine 
oxytocin receptors and blood progesterone, 13,14-dihydro-
15-Keto-Prostaglandin F2alpha, and ionized calcium levels in 
dystocic bitches. Theriogenology 135:38–45

van der Weyden GC, Taverne MA, Dieleman SJ, Wurth Y, Bevers 
MM, van Oord HA (1989) Physiological aspects of pregnancy and 
parturition in dogs. J Reprod Fertil Suppl 39:211–224

Verstegen-Onclin K, Verstegen J (2008) Endocrinology of pregnancy 
in the dog: areview. Theriogenology 70:291–299

Whittle WL, Holloway AC, Lye SJ, Gibb W, Challis JR (2000) 
Prostaglandin production at the onset of ovine parturition is 
regulated by both estrogen-independent and estrogen-dependent 
pathways. Endocrinology 141:3783–3791

Wiltbank MC, Ottobre JS (2003) Regulation of intraluteal production 
of prostaglandins. Reprod Biol Endocrinol 1:91

Zuo J, Lei ZM, Rao CV, Pietrantoni M, Cook VD (1994) Differential 
cyclooxygenase-1 and -2 gene expression in human myometria 
from preterm and term deliveries. J Clin Endocrinol Metab 
79:894–899

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

263Cell and Tissue Research (2021) 385:251–264



1 3

Authors and Affiliations

Lea Magdalena Rempel1 · Karina Tietgen Andresen Lillevang1,2 · Ann‑Kirstine thor Straten2 · 
Sólrún Barbara Friðriksdóttir2 · Hanna Körber1,2 · Axel Wehrend3 · Mariusz P. Kowalewski4 · Iris Margaret Reichler5 · 
Orsolya Balogh5,6 · Sandra Goericke‑Pesch1,2 

 Lea Magdalena Rempel 
 Lea.Rempel@tiho-hannover.de

 Karina Tietgen Andresen Lillevang 
 inalillevang@hotmail.com

 Ann-Kirstine thor Straten 
 aktstraten@gmail.com

 Sólrún Barbara Friðriksdóttir 
 sollabf@gmail.com

 Hanna Körber 
 Hanna.Koerber@tiho-hannover.de

 Axel Wehrend 
 Axel.Wehrend@vetmed.uni-giessen.de

 Mariusz P. Kowalewski 
 kowalewski@vetanat.uzh.ch

 Iris Margaret Reichler 
 ireichler@vetclinics.uzh.ch

 Orsolya Balogh 
 obalogh@vt.edu

1 Reproductive Unit of the Clinics-Clinic for Small Animals, 
University of Veterinary Medicine Hannover, Foundation, 
Hannover, Germany

2 Department of Veterinary Clinical Sciences, Section 
of Veterinary Reproduction and Obstetrics, University 
of Copenhagen, Taastrup, Denmark

3 Klinikum Veterinärmedizin, Clinic for Obstetrics, 
Gynaecology and Andrology for Large and Small Animals 
with Veterinary Ambulance, Justus-Liebig-University 
Giessen, Giessen, Germany

4 Institute of Veterinary Anatomy, Vetsuisse Faculty, 
University of Zurich, Zurich, Switzerland

5 Clinic of Reproductive Medicine, Vetsuisse-Faculty, 
University of Zurich, Zurich, Switzerland

6 Department of Small Animal Clinical Sciences, 
Virginia-Maryland College of Veterinary Medicine, 
Blacksburg, VA, USA

264 Cell and Tissue Research (2021) 385:251–264

http://orcid.org/0000-0002-4327-9780

	Do uterine PTGS2, PGFS, and PTGFR expression play a role in canine uterine inertia?
	Abstract
	Introduction
	Material and methods
	Animals and study design
	Tissue sample collection and processing
	Grouping of dogs
	Real-time PCR
	Immunohistochemistry for protein expression of PTGS2 and PGFS
	Statistical analysis

	Results
	PTGS2, PGFS, and PTGFR mRNA expression
	PTGS2 and PGFS protein expression

	Discussion
	Conclusions
	Acknowledgements 
	References


