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Abstract 

 

Pyometra is a common reproductive disorder in female dogs. This study investigated the protein expression of 

prostaglandin F2 alpha receptors (PTGFR) and C-reactive protein (CRP) in responses to inflammatory events of uterine 
and cervical tissues in dogs. Uterus and cervix samples were collected from six dogs which had closed-cervix pyometra 
(n = 3) and opened- cervix pyometra (n = 3). Healthy dogs in diestrus (n = 3) and anestrus (n=3) were used as controls. 
Tissues were histologically prepared and stained with hematoxylin and eosin. Immunohistochemistry (IHC) and 

western blot analysis for the PTGFR and CRP were used to verify the protein expressions. Leukocyte infiltration was 

markedly presented in some layers of the uterine and cervical tissues of closed- and opened-cervix pyometra. Closed-
cervix pyometra had a distinct severity of muscular layers of the uterus compared with opened-cervix pyometra. 
Plasma cell infiltration was significantly increased in both uterine and cervical pyometra tissues when compared with 
the controls (P < 0.0001). Western blot analysis confirmed the expression of PTGFR and CRP in normal and pyometra 

tissues. In the uterus and cervix, the positive CRP reactivity was weakly expressed (T score = 1.00–2.37). The expression 
of CRP as well as PTGFR reactivity did not significantly differ among the groups (P > 0.05). Inflammatory responses, 
pathological changes, and PTGFR expression did not correlate with CRP accumulation in uterine and cervical tissue of 
closed- and opened-cervix pyometra. 
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Introduction 

Pyometra is a common reproductive disorder in 
female dogs and is classified as an endometritis with 
pus accumulation in the uterus. This condition is 
highly regulated by endogenous and/or exogenous 
progesterone.  The progesterone levels gradually 

increase and are maintained at a high concentration 
during diestrus, subsequently increasing endometrial 
proliferation and glandular activity. The high 
progesterone level induces an increase in luminal 
secretion and suppresses myometrial contractions; it 
also decreases local immune responses (Prapaiwan et 

al., 2017; Kempisty et al., 2013). The disease is classified 

based on pathological findings on the histology of the 
reproductive tracts as cystic hyperplasia- pyometra 

complex (Dow, 1959). In addition, the closed-cervix 
and opened-cervix pyometra can also be identified by 
the presence of purulent vaginal discharge (Fieni et al., 
2014).  Uterine and cervical pathological histology 

demonstrated a proliferative and secretive endometrial 
overreaction of estrogen and progesterone, leading to 
hyperplasia of the endometrium (Kempisty et al.,2013). 
These hormones also induce cervical closure (Borresen, 
1975; Smith, 2006).  However, there is no difference in 

sex steroid receptor expressions between opened- and 
closed- cervix pyometra (Prapaiwan et al. , 2017).  The 

high progesterone levels prompted infection by 
pathological bacteria such as Escherichia coli in 

approximately 75–91%  of pyometra cases (Kempisty et 

al., 2013; Agostinho et al., 2014). These bacteria activate 

the inflammatory responses upon binding to the 
endometrium (Sirivaidyapong and Chotimanukul, 
2010; Leitner et al., 2003; Bigliardi et al., 2004; Ishiguro et 

al., 2007; Agostinho et al., 2014; Yoon et al., 2017).  
The PGF2α, produced in the epithelial cells of the 

endometrium, plays a pivotal role in the control of the 
length of diestrus in dogs by the luteolytic mechanism 
and regulates myometrial contraction (Wallace et al. , 
2009; Gogny et al. , 2010; Hagman et al. , 2006). This 

eicosanoid binds specifically to the transmembrane G 
protein-coupled PTGFR receptors (FP type) and 
activates the myometrium contraction of the female 
reproductive tract (Blesson et al., 2012). Several clinical 

studies have reported that exogenous PGF2α 
administration promoted uterine contractility and the 
emptying of exudates in the pyometra uterine. 
However, this treatment was unsuccessful in the case 
of Dow’s type IV with endometrial and myometrium 
atrophy (Romagnoli, 2017; Dow, 1959). For 
inflammation of reproductive tissue, E- and F-series 
prostanoids are mostly synthesized, especially PGF2α. 
The PGF2α signals are upregulated via chemokine (C-X-
C motif) ligand 1 (CXCL1) to induce the production of 
matrix metalloproteinase and angiogenic factors that, 
in turn, promote the remodeling of tissue and eliminate 
the occupying bacteria (Mallison et al., 1991, Cassese et 

al. , 2003 Girolamo et al. ,1997; Slocombe et al. , 2013; 

Wallace et al., 2009). However, it is still unclear whether 

the PTGFR receptors are involved in the pathogenesis 
and types of pyometra in dogs.  

Apart from the PGF2α cascade, inflammatory 
responses such as infiltrations of leukocytes in blood or 

tissue could also play an essential role in the 
pathogenesis of pyometra. Leukocytosis is generally an 
inflammatory response in the case of pyometra and is 
commonly used for clinical diagnosis. However, a 
normal leukogram could also be observed in opened-
cervix pyometra because inflammation was 
minimized, with limited pus accumulation (Mojzisova 
et al. , 2000).  This shortcoming could be tested by the 

activation of acute-phase protein (APP). This protein is 
produced by the liver and functions in the response to 
the inflammation by inducing the release of cytokines 
such as interleukin-1, interleukin-6, and tumor necrosis 

factor alpha from the inflammatory site (Peisajovich et 
al. , 2008; Eckersall, 2008; Osman et al., 2003). There are 

several kinds of APP, such as CRP, fibrinogen, 
haptoglobin, alpha 1-acid glycoprotein, ceruloplasmin, 

albumin, transferrin, and serum amyloid A (Cerón et 

al. , 2005; Murata et al. , 2004).  Serum CRP is a sensitive 

criterion and has become a specific marker for systemic 
inflammation in dogs with no effect of breed, age, sex, 
estrous cycle and using of NSAIDs (Kuribayashi et 

al.,2003; Schmidt and Eckersall, 2015). Comparing CRP 

with other APPs, the levels of CRP rapidly increased 
within 1 to 2 days in the response of inflammation, and 
it also rapidly decreased within 1 day after treatment 
(Dabrowski et al., 2009; Matijatko et al., 2007).  Therefore, 

the levels of CRP have been used for the diagnosis and 
prognosis of several inflammatory diseases (Eckersall, 
2010; Cerón et al. , 2005; Kjelgaard- Hansen, 2004). 
Healthy dogs have a low serum CRP (< 10 mg/l), but 
the CRP levels increase up to 10–100 times within 24–

48 hours of inflammation (Kuribayashi et al. , 2003; 

Yamamoto et al. , 1994; Schmidt and Eckersall, 2015). 
However, information on the inflammatory responses, 
especially the relationship between the presence of 
CRP and inflammation responses in pyometra dogs, is 
limited. This study examined the expressions of 
prostaglandin F2 alpha receptor (PTGFR) and C-
reactive protein (CRP) in reproductive tissues (cervix 
and uterus of dogs) with clinical open- and closed-
cervix pyometra. 

Materials and Methods 

Experimental design: 18 dogs were submitted in this 
study which was ranged 5-10 years old (means 6.2 
years old). Reproductive organs (cervix and uterus) of 
dogs with opened (n = 3) and closed (n = 3) cervix 
pyometra were included in the study. Diestrus (n = 6) 
and anestrus (n = 6) dogs without any reproductive 
disorders were used as controls. Uterine and cervical 
tissues were examined for histology, leukocyte 
infiltrations, and protein expression (CRP and PTGFR) 
by immunohistochemistry (IHC) and confirmed of 
protein expression by western blot analysis. 
 

Formalin- paraffin tissue block process: All tissues 
were collected after a routine ovariohysterectomy at 
the Veterinary Teaching Hospital of Prince of Songkla 
University, Faculty of Veterinary Science, Prince of 
Songkla University, Thailand.  After excision, the 

tissues were fixed in 10%  (w/v) formaldehyde for 24–

48 h and then embedded in paraffin.  Sections with a 

thickness of 4 µm were cut and prepared on a silane-
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coated slide for hematoxylin- eosin staining and 

immunohistochemistry. 
 
Hematoxylin and eosin staining: After processing, the 
tissue was deparaffinized by xylene and then 
rehydrated in an ethanol series (100% , 95% , 95% , 80% 

(v/v)). Staining was performed by hematoxylin and 
eosin dye. The 95% (v/v) ethanol wash was used to 

remove excessive eosin,  and dehydration was 
performed by a series of concentrated ethanol and 
xylene. The stained tissues were mounted under a 
cover slip using mounting solution, pathological 
examination and counting of inflammatory cells were 
performed under a bright-field microscope (BX5, 
Olympus, Shinjuku, Japan). The images were recorded 
and visualized using the cellSens software (Olympus, 
Shinjuku, Japan). 
 
Immunohistochemistry (IHC): Deparaffinization, 
dehydration, and rehydration were performed as 
mentioned above. For immunohistochemistry (IHC), 
the PTGFR protein was detected by the Dako REALTM 
EnVisionTM detection system (modified from 
Tiptanavattana et al. , 2013). The antigen retrieval 

technique was activated by heating the samples in 0.01 
M citrate buffer pH = 6.0 (VWR BDH Prolabo, Poole, 
UK) using a microwave at 560 W, 15 min, for PTGFR 
and 800 W, 15 min, for CRP.  Endogenous peroxidase 

activity was blocked by 3%(v/v) hydrogen peroxide 
(VWR BDH Prolabo, Poole, UK) for 15 min.  Non-
specific blocking was performed with incubation of 2% 
(w/v) bovine serum albumin (Sigma-Aldrich, St. 
Louis, MO, USA) for 5 min at room temperature and 
subsequently with primary antibodies diluted in sterile 
PBS at 4ºC overnight.  Rabbit polyclonal primary 

antibody was used at a dilution of 1:50 for PTGFR 
(Abcam®, AB188993, Cambridge, UK).  For CRP 

detection, rabbit monoclonal primary antibody against 
CRP at 1:50 dilution (Abcam®, AB32412, Cambridge, 
UK) was used.  Negative controls were performed 

similar to CRP and PTGFR, but the primary antibody 
was replaced with PBS.  The protein targets were 

detected and visualized with a Dako REALTM 

EnVisionTM system (DakoCytomation, Glostrup, 
Denmark) according to the manufacturer’s 
recommendations and counterstained with Mayer’ s 

hematoxylin. Protein expression was examined under 
a a bright-field microscope (BX5, Olympus). The 
images were recorded and visualized using the 
cellSens software (Olympus) and Adobe Photoshop 
CS6 version 13.0.1 (Adobe Systems, San Jose, CA, 
USA). 
 
Counting of inflammatory and immunolocalized cells: 
Following H&E staining, the immune cells including 
lymphocytes, macrophages, plasma cells, neutrophils, 
and eosinophils were classified according to previous 
reports (Veiga et al., 2017; Kunkitti et al. , 2011; 

Bosschere, 2001).  Classification and determination of 

leukocyte infiltration were performed under a 
microscope with 100x magnification. In total, means of 
five independent areas were evaluated by blinded 3 

researchers.  The data were collected and calculated as 

percentage of leukocyte infiltration. 
Protein expression of uterine and cervical 

compartments was determined as described elsewhere 
(Prapaiwan et al. , 2017; Kunkitti et al. , 2011; 

Srisuwatanasagul et al. , 2010). Briefly, three 

compartments of the cervix, namely the surface 
epithelium (SE), the subepithelial layer of the stroma 
(STR), and the muscular layer (MYO), were examined. 
The uterus was classified into four compartments: 
surface epithelium (SE), glandular epithelium (GE), 
subepithelial layer of the stroma (STR), and 
myometrium (MYO). Immunostaining was examined 
microscopically at 40x magnification for at least five 
areas in each compartment (Prapaiwan et al. , 2017; 

Ribeiro et al. , 2012; Kunkitti et al. , 2011; 

Srisuwatanasagul et al. , 2010; Sukjumlong et al. , 2003; 

Kaeoket et al., 2001). The proportions were estimated as 

follows (1–4): 1 for low proportion (< 30% positive cells), 

2 for moderate proportion (30–60% positive cells), 3 for 

high proportion (> 60– 90%  positive cells), and 4 for 

almost all cells positive (more than 90% ).  Intensity 
(marked 0–3) was defined as follows: 0 for non-detected, 

1 for weak- intensity, 2 for moderate intensity, 3 for 

strong intensity. The total scores were calculated as the 

summary of intensity and proportional scores of each 
compartment of the tissues for PTGFR and CRP 
(Srisuwatanasagul et al. , 2010; Srisuwatanasagul et al. , 
2006; Sukjumlong et al., 2005; Vermisch, 2000). 

 
Western blot analysis: The uterus and cervix tissues 
were harvested as previously described, chopped 
using a surgical blade, and soaked in 500 µl of lysis 
buffer (containing 1 mM EDTA, 0.5% (v/v) Igepal 
(Nonidet P-40 detergent), 150 mM NaCl, 10 mM Tris-
HCl, pH 7.5, and protease inhibitors). The soaked 
tissues were homogenized using a homogenizer and 
incubated at 4°C for 30 min. After centrifugation at 
3,000 rpm for 5 min, 50 µl of the protein in the 
supernatant was incubated with 2x SDS-PAGE sample 
loading buffer containing 2% (v/v) β mercaptoethanol 
and heated at 95°C for 10 min. The protein samples 
were separated by 12.5% SDS-PAGE and then 
transferred to a nitrocellulose membrane. The 
membrane was blocked for 1 h in 5% skim milk in TBST 
(20 mM Tris, 137 mM NaCl and 0.1% Tween-20) and 
subsequently separated and incubated with rabbit 
anti-CRP and rabbit anti-PTGFR (Abcam) at 4°C 
overnight.  After washing three times for 5 min each in 

TBST, the membrane was incubated by donkey anti-
rabbit antibody conjugated-horseradish peroxidase 
(HRP) (DakoCytomation) for 1 h. After washing three 
times in TBST, the chemiluminescent bands on the 
membrane were revealed by Enhanced 
Chemiluminescence reagent (ECL; Perkin Elmer) and 
imaged using the ImageQuant LAS 500 (GE Healthcare 
Bio-Science AB, Sweden). 
 

Statistical analysis: The pathological findings were 
described and compared among the four groups.  The 

percentages of lymphocytes, macrophages, plasma 
cells, neutrophils, and eosinophils were presented a 
mean ± standard deviation (SD).  



46                                                                                    Tiptanavattana N. et al. / Thai J Vet Med. 2022. 52(1): 45-56. 

 

Immunohistochemical staining data were 
presented as total score (T). The T score was formulated 

by the proportion (P) plus the intensity (I) score. Two-
way ANOVA was used to compare scores among 
different groups and for comparison of the means. The 

data were analyzed with GraphPad Prism (King’s 

College London, UK). A P value < 0.05 was considered 
statistically significant. 

Results 

Histopathology of uterus and cervix: Microscopic 
findings of uterine and cervical tissues with pyometra 
were differentially presented from normal control dogs 

(Fig. 1) .  Uterine tissues of the two types of pyometra 

were pathogenic, with different severities of the cystic 
endometrial hyperplasia and diffused suppurative 
hemorrhagic endometritis (Figs. 1 and 2). 
Fibrinopurulent hemorrhagic exudate was 
increasingly present on the surface epithelium of 
closed cervix pyometra compared with opened cervix 
pyometra.  Leukocyte infiltration was also increased at 

the submucosa layer. Moreover, significant findings, 
presented in closed-cervix pyometra, were severe 
stromal hemorrhage and myometrium atrophy (Fig. 2). 
Leukocyte infiltration in the cervix was located at the 
stroma, germinal epithelium, and tunica muscularis in 
both closed- and opened-cervix pyometra (Fig. 3).  

 

 
 

Figure 1 Histopathological findings on the uterus of closed-cervix (E, F) and opened-cervix (G, H) pyometra compared with normal 

diestrus (A, B) and anestrus (C, D). SE of diestrus in the normal group showed pseudostratified columnar epithelium (A), 
STR showed glandular proliferation and dilation (B), SE of the anestrus group was a simple cuboidal epithelium (C), STR 

showed irregular connective tissue with inactive endometrial glands (D), SE of closed-cervix pyometra showed hyperplasia 

of pseudostratified columnar epithelium with fibrino-hemopurulent exudate on ulcerative epithelium, and cystic-like 

epithelium was formed by epithelial erosion in the lumen (E), numerous inflammatory cells, red blood cells, and fibroblasts 

infiltrated the stromal tissue (F), hyperplasia of pseudostratified columnar epithelium with mild fibrinopurulent exudate 

was presented, along with cystic endometrium (G), glandular hyperplasia of endometrial gland with inflammatory cells 

in stroma with mild congestion (H). 

48 
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Figure 2 The MYO of the uterus in the closed-cervix pyometra group (A) was thinner compared with that in the open-cervix 

pyometra group (B), Cystic formation in the uterus of the closed-cervix pyometra group (C), Diffuse hemorrhagic 

endometritis in the uterus of the open-cervix pyometra group (D). 

 

 
 

Figure 3 Leukocyte infiltration in uterine and cervical tissues. STR in the open cervix of the pyometra group with the accumulation 
of leukocytes (40x, A). GE in the open cervix of the pyometra group with mild accumulation of leukocytes  (40x, B). Plasma 

infiltration in STR of uterine tissue (100x, C). Cervical tissue of normal anestrus (D). 

 
Infiltration of inflammatory cells in uterus and cervix: 
The cellular inflammatory response was characterized 
by leukocyte infiltration in the uterine and cervical 
tissues; these included lymphocytes, plasma cells, 
macrophages, neutrophils, and eosinophils.  In normal 

reproductive tissue, both in diestrus and anestrus, all 
types of leukocytes were not significantly different (P 

> 0.05). However, lymphocyte infiltration was absent in 

the uterus and cervix of anestrus dogs. 
For pyometra, most inflammatory cells in uterine 

and cervical tissues were plasma cells, especially in the 
uterine tissue of closed-cervix pyometra (Table 1). 
Plasma cell infiltration of opened-cervix and closed-
cervix pyometra was significantly increased in both 
uterine and cervical tissues when compared with the 

control groups (P < 0.0001). However, plasma cell 

infiltration in the cervix was lower than that in the 
uterus (Table 1). In the cervix, plasma cells, 

lymphocytes, and neutrophil populations of closed-
cervix pyometra were significantly more abundant 
than in the opened-cervix pyometra (P < 0.05, Table 1). 
 
PTGFR and CRP expressions: The reactivity (brown 
staining) of PTGFR in the uterus and cervix was 
presented at the cytosol of epithelial cells and 
glandular epithelial cells with nuclear staining. Smooth 
muscle cells were stained at the nuclear and 
perinuclear areas (Fig. 4, Table 2). The expression of 

PTGFR in the uterine STR of closed-cervix pyometra (T 
score = 3.6) was significantly lower when compared 
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with that of normal tissues (P < 0.05). We found no 

statistically different expressions of PTGFR in the 
uterine layers (P > 0.05). In each group, the T scores of 

uterine SE in normal diestrus and opened-cervix 

pyometra groups and the GE in normal anestrus and 
closed-cervix pyometra markedly expressed PTGFR 

were 7.0, 6.2, 6.76 and 6.07, respectively. The T scores of 

the PTGFR level in the MYO of the uterus ranged from 
4.08–4.82 in all groups (P > 0.05). Regarding cervical 

tissue, this study revealed no statistically different 
expressions of PTGFR in all cervical layers and among 
the different groups (P > 0.05). However, the T scores of 

expressions in all layers were high (from 4.77 to 6.62). 

The CRP expression was only observed in the 
cytoplasm and nucleus of macrophages at the STR of 
the uterus and cervix. The expression of CRP at the STR 

of the uterus was observed in the opened- and closed-
cervix pyometra (Fig. 5). However, the T scores of CRP 

immunostaining were weakly expressed (ranging from 
1.00–2.37) and did not statistically differ among the 

groups (P > 0.05). In all cases, western blot analysis 

confirmed the expression of PTGFR and CRP proteins 
in the uterus and cervix of normal and pyometra 
tissues (Fig. 6). 

 
Table 1 Total counts of each type of leukocytes for uterine and cervical tissues (Mean ± SD) 
 

Type of leukocyte 

Mean of total number of leukocytes (cells per 0.31 x 10-3 mm2 area) 

Uterus Cervix 

Normal 
anestrus 

Normal 
diestrus 

Opened-

cervix 
pyometra 

Closed-

cervix 
pyometra 

Normal 
anestrus 

Normal 
diestrus 

Opened-

cervix 
pyometra 

Closed-

cervix 
pyometra 

Lymphocyte 0a 0.2 ± 0.1a 12.2 ± 3.4a 13.7 ± 5.8 a 0A 0.3 ± 0.2A 1.9 ± 0.2AB 6.4 ± 0.2C 

Plasma cell 0.2 ± 0.1a 0.7 ± 0.7a 60.7 ± 3.3b 108.4 ± 14.9c 0A 0.1 ± 0.1A 10.8 ± 2.3B 17.9 ± 3.1C 

Macrophage 0.1 ± 0.1a 0.6 ± 0.6a 1.1 ± 0.4a 5.5 ± 2.2 a 0.1 ± 0.1A 0.6 ± 0.5AB 0.7 ± 0.2AB 3.6 ± 1.2BC 

Neutrophil 0.3 ± 0.2a 1.4 ± 0.9 a 1.8 ± 0.0a 9.9 ± 5.5 a 0.3 ± 0.3A 0.6 ± 0.4A 1.4 ± 0.4AB 5.5 ± 0.3C 

Eosinophil 0a 0.1 ± 0.1a 1.8 ± 0.7a 1.8 ± 0.7a 0.1 ± 0.1A 0.1 ± 0.1A 0.1 ± 0.1A 0.3 ± 0.1A 

Different superscripts within the same row (in each tissue) indicate significantly different values (P < 0.05). 

 
Table 2 Means of T score of PTGFR and CRP expression on uterine and cervical tissues (Mean ± SD) 
 

Expression 

Uterus  Cervix 

Normal 
anestrus 

Normal 
diestrus 

Opened-
cervix 

pyometra 

Closed-
cervix 

pyometra 

Normal 
anestrus 

Normal 
diestrus 

Opened-
cervix 

pyometra 

Closed-
cervix 

pyometra 

PTGFR 

SE 5.51 ± 0.64 7.00 ± 0.00 6.20 ± 0.44 5.91 ± 0.56 SE 5.51 ± 0.66 6.42 ± 0.21 5.69 ± 0.48 6.62 ± 0.14 

STR 5.58 ± 0.14 5.55 ± 0.10 4.62 ± 0.38 3.60 ± 0.55* STR 4.77 ± 0.74 5.65 ± 0.45 5.85 ± 0.43 5.16 ± 0.08 

GE 6.76 ± 0.08 6.78 ± 0.22 5.04 ± 0.53 6.07 ± 0.28      

MYO 4.82 ± 0.26 4.58 ± 0.32 4.08 ± 0.47 4.11 ± 0.17 MYO 4.93 ± 0.54 5.26 ± 0.51 5.22 ± 0.53 5.28 ± 0.58 

CRP 

SE 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 SE 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

STR 1.20 ± 0.20 1.00 ± 0.00 2.37 ± 0.77 1.60 ± 0.60 STR 1.38 ± 0.38 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

GE 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00      

MYO 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 MYO 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 

* Different superscripts within the same row (in each tissue) indicate significantly different values (P < 0.05). 
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Figure 4 Reactivity of prostaglandin F-2 alpha receptor in SE (T score = 6.42 ± 0.21, A), STR (T score = 5.55.00 ± 0.10, B), GE (T score 

= 4.08 ± 0.47, C), and MYO (T score = 5.26 ± 0.51, D). A and D; cervical tissue of normal diestrus. B; uterine tissue of normal 

diestrus.C; uterine tissue of open-cervix pyometra. E; negative control. 

 

 
 

Figure 5 CRP reactivity by immunohistochemistry. C-reactive protein (CRP) expression (arrow) in leukocytes of uterine STR in 

open-cervix pyometra group (T score = 2.37 ± 0.77, A). Normal diestrus group (T score = 1.00 ± 0.00, B). Negative control 

of CRP receptor immunostaining (C). 
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Figure 6 To confirm the protein expression by western blot analysis, this result shows that PTGFR and CRP were expressed in the 
uterus and cervix of normal and pyometra tissues. 

 

Discussion 

This study revealed a significant difference in the 
inflammatory status by pathological changes, 
inflammatory events, PTGFR, and CRP of opened-
cervix and closed- cervix pyometra tissues. 
Inflammation of closed-cervix and opened-cervix 
pyometra was predominantly demonstrated by 
increased plasma cell infiltration at the stroma of 
uterine and cervical tissues. These findings reveal the 
chronic inflammatory stage of female reproductive 
tract pathogenesis, as described previously (Kempisty 
et al. , 2013, Hardy and Osborne, 1974; Fransson and 

Ragle, 2003, Mallison et al. , 1991; Slocombe et al. , 2013, 

Baithalu et al. , 2010).  Plasma cell accumulation was 

stimulated by microbial infection or specific antigens. 
Thereafter, the inflammatory cascade induced and 
extended the life span of plasma cells in tissues by 
cytokines (i.e. , TNFα, APRIL, BAFF, IL-6, and CXCL) 
(Mallison et al. , 1991, Cassese et al. , 2003 Girolamo et 

al. ,1997; Slocombe et al. , 2013).  Our results indicate the 

relationship between mean plasma cells/area of closed-

cervix pyometra in the uterus and cervix and the high 
severity of septic signs in dogs (Jitpean et al., 2017). High 

levels of serum CRP occurred in both closed- and 
opened-cervix pyometra in dogs (Nakamura et al. , 

2008; Sproston and Ashworth, 2018; Enginler et al. , 
2014).  Recently, CRP was introduced as a major 

inflammatory marker of acute-phase protein; it is more 
sensitive than the blood leukocyte profile in dogs, for 
example in terms of inflammatory condition, infectious 
disease, and malignant tumors (Nakamura et al. , 2008; 

Sproston and Ashworth, 2018; Pepys and Hirschfield, 
2003; Galezowski et al. , 2010). Our study revealed the 

low reactivity (T score varied from 1.00–2.37) of CRP 
by immunostaining; there was no significant difference 
in both uterus and cervix among the groups, similar to 
previous studies on other tissues were no CRP was 
accumulated in the tissues (Baidoshvili et al. , 2002; 

Sproston and Ashworth et al., 2018). Therefore, CRP can 

be used as an inflammatory markers for pyometra in 

clinical fields for 24–72 hours after inflammation up to 
1–2 weeks (Sproston and Ashworth et al., 2018).  

Generally, PGF2α plays a role in luteolysis at the 
end of the diestrus period and regulates myometrial 
contraction (Wallace et al. , 2009; Gogny et al. , 2010; 

Hagman et al. , 2006), and there are reports about the 

competence of prostaglandin analogue for pyometra 
treatment in dogs (Fieni et al.,2014; Thirumurugan and 

Rajasundaram, 2011; Gobello et al. , 2003).  Our study 

showed no differences in the T scores of PTGFR 
between opened- and closed-cervix pyometra. These 
findings may reflect the successful administration of 
PGF2α in opened- and closed-cervix pyometra, as 
reported elsewhere (Fieni, 2006). Exogenous PGF2α 
induces uterine contraction, decreases uterine 
contents, and activates luteolysis (Nelson et al. , 1982). 
However, we found no differences in the expression of 
its receptors in the pyometra uterus (except stroma) 
and the cervix compared with normal anestrus and 
normal diestrus.  Inflammatory responses of pyometra 

have been described regarding the presence of PGF2α 
in the pyometrial fluid of cows, dogs, and ferrets, 
associated with uterine bacterial infection and 
inflammation (Heap and Poyser, 1975).  

In the current study, the PTGFR demonstrated high 
T scores in the SE and GE of the pyometra. This may 
reflect the response of inflammatory cells, especially 
when the plasma cells and neutrophils promote tissue 
remodeling and inflammatory responses via 
chemokine (C- X- C motif) ligand 1 (CXCL1) of PGF2α 
(Mallison et al. , 1991, Cassese et al. , 2003 Girolamo et 

al. ,1997; Slocombe et al. , 2013; Wallace et al. , 2009). 

Moreover, the vascular endothelial growth factor, via 
the CXCL1 cascade, plays a classic role as the first line 
of defense against invading pathogens and may also 
remodel vascular uterine tissue in the normal 
menstrual cycle in humans (Ardi et al., 2007; Gargett et 
al., 2001). However, our study did not find a correlation 

between the expression of PTGFR and CRP in uterine 
and cervical tissue and leukocyte infiltration. For 
MYO, PTGFR expression was not significantly 
different among the groups, although the CEH with 
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chronic endometritis has pathological changes, 
especially severe myometrium atrophy (Dow, 1959). 
Endometrium degeneration may affect the expression 
of PTGFR in the uterine STR compartment, with a low 
T score in closed-cervix pyometra. 

In conclusion, we provide evidence of an 
inflammatory response in closed- and opened-cervix 
pyometra of dogs. The PTGFR expression did not affect 
most layers of the uterus and the cervix pf pyometra in 
dogs, but pathological severity was pronounced. 
Inflammatory cells, in particular the plasma cells that 
predominantly infiltrated in tissues of closed-cervix 
pyometra, were not correlated with CRP accumulation 
in an inflammation of the uterus and the cervix. 
However, its response in peripheral blood should be 
further investigated. 
 
Conflict of interest statement: The authors declare that 
there is no conflict of interest that could be perceived 
as 

Acknowledgements 

This study was financially supported by the 
Thailand Research Fund (RSA6180053) and MSCA Rise 
(EU H2020 Drynet), GA 734434, National science, 
Research and Innovation Fund (NSRF) and Prince of 
Songkla University (Grant No VET6405007S) and 
Faculty of Veterinary Science, Prince of Songkla 
University. 

References 

Agostinho JM, de Souza A, Schocken-Iturrino RP, 
Beraldo, LG, Borges CA, Avila FA and Marin JM 
2014. Escherichia coli strains isolated from the uteri 
horn, mouth, and rectum of bitches suffering from 
pyometra: virulence factors, antimicrobial 
susceptibilities, and clonal relationships among 
strains. International journal of microbiology. 
979584. 

Ardi VC, Kupriyanova TA, Deryugina EI and Quigley 
JP 2007. Human neutrophils uniquely release 
TIMP-free MMP-9 to provide a potent catalytic 
stimulator of angiogenesis. Proceedings of the 
National Academy of Sciences of the United States 
of America. 104: 20262–20267. 

Baidoshvili A, Nijmeijer R, Lagrand WK, Hack CE and 
Niessen H W 2002. Localisation of C reactive 
protein in infarcted tissue sites of multiple organs 
during sepsis. Journal of clinical pathology. 55(2): 
152–153.  

Baithalu RK, Maharana BR, Mishra C, Sarangi L and 
Sama L 2010. Canine pyometra. Veterinary World. 
3(7): 340-342. 

Bigliardi E, Parmigiani E, Cavirani S, Luppi A, Bonati 
L and Corradi, A 2004. Ultrasonography and cystic 
hyperplasia-pyometra complex in the bitch. 
Reproduction in domestic animals. 39(3): 136–140. 

Blesson, C. S., Büttner, E., Masironi, B., and Sahlin, L. 

2012. Prostaglandin receptors EP and FP are 
regulated by estradiol and progesterone in the 
uterus of ovariectomized rats. Reproductive 
biology and endocrinology. 10(3). 

Boel AF, Erika K, Annika B, Anne-Sofie L, Jean SP, 

Marc AE and Claude AR 2004. C-reactive protein in 

the differentiation of pyometra from cystic 
endometrial hyperplasia/mucometra in dogs. 
Journal of the American Hospital Association. 40(5): 
391-399. 

Borresen B 1975. Pyometra in the dog a 
pathophysiological investigation. I. The pyometra 
syndrome, a review. Nordisk veterinaermedicin. 
27(10): 508–517. 

Buhi WC, Thatcher MJ, Shille VM, Alvarez IM, Lannon 
AP and Johnson J 1992.Synthesis of uterine 
endometrial proteins during early diestrus in the 
cyclic and pregnant dog, and after estrogen and 
progesterone treatment. Biology of Reproduction. 
47(3): 326-336. 

Cassese G, Arce S, Hauser AE, Lehnert K, Moewes B, 
Mostarac M, Muehlinghaus G, Szyska M, Radbruch 
A and Manz RA 2003. Plasma cell survival is 
mediated by synergistic effects of cytokines and 
adhesion-dependent signals. Journal of 
Immunology. 171(4): 1684–1690. 

Ceron JJ, Eckersall PD, and Martýnez-Subiela S 2005. 
Acute phase proteins in dogs and cats: current 
knowledge and future perspectives. Veterinary 
Clinical Pathology. 34(2): 85–99.  

Dabrowski R, Kostro K, Lisiecka U, Szczubiał M and 
Krakowski L 2009. Usefulness of C-reactive 
protein, serum amyloid A component, and 
haptoglobin determinations in bitches with 
pyometra for monitoring early post-
ovariohysterectomy complications. 
Theriogenology. 72(4): 471–476.  

De Bosschere H, Ducatelle R, Vermeirsch H, Van Den 
Broeck W, Coryn M 2001. Cystic endometrial 
hyperplasia-pyometra complex in the bitch: should 
the two entities be disconnected?. Theriogenology. 
55(7): 1509–1519. 

Dhaliwal GK, England GC and Noakes DE 1997. 
Immunocytochemical localization of oestrogen and 
progesterone receptors in the uterus of the normal 
bitch during oestrus and metoestrus. Journal of 
reproduction and fertility. Supplement. 51: 167–
176. 

Dhaliwal GK, England GC and Noakes DE 1999. 
Oestrogen and progesterone receptors in the 
uterine wall of bitches with cystic endometrial 
hyperplasia/pyometra. The Veterinary record. 
145(16): 455–457. 

Di Girolamo N, Visvanathan K, Lloyd A and Wakefield 
D 1997. Expression of TNF-alpha by human plasma 
cells in chronic inflammation. Journal of Leukocyte 
Biology, 61(6): 667–678. 

Dow C 1959. The cystic hyperplasia-pyometra complex 
in the bitch. Journal of Comparative Pathology. 69: 
237–250. 

Eckersall PD. 2010. Acute phase proteins: from 
research laboratory to clinic. Veterinary Clinical 
Pathology. 39(1): 1–2. 

Enginler SO, Ateş A, Diren Sığırcı B, Sontas BH, 
Sönmez K, Karaçam E, Ekici H, Evkuran DG and 
Gürel, A 2014. Measurement of C-reactive protein 
and prostaglandin F2α metabolite concentrations 
in differentiation of canine pyometra and cystic 



54                                                                                    Tiptanavattana N. et al. / Thai J Vet Med. 2022. 52(1): 45-56. 

 

endometrial hyperplasia/mucometra. 
Reproduction in Domestic Animals. 49(4): 641–647. 

Fieni F 2006. Clinical evaluation of the use of 
aglepristone, with or without cloprostenol, to treat 
cystic endometrial hyperplasia-pyometra complex 
in bitches. Theriogenology. 66(6-7): 1550–1556. 

Fieni F, Topie E and Gogny A 2014. Medical treatment 
for pyometra in dogs. Reproduction in domestic 
animals. 49 Suppl 2: 28–32.  

Fransson B and Ragle C 2003. Canine pyometra: an 
update on pathogenesis and treatment. 
Compendium on Continuing Education for the 
Practicing Veterinarian. 25: 602-612.  

Galezowski AM, Snead EC, Kidney BA and Jackson 
ML 2010. C-reactive protein as a prognostic 
indicator in dogs with acute abdomen syndrome. 
Journal of Veterinary Diagnostic Investigation. 
22(3): 395–401. 

Gargett CE, Lederman F, Heryanto B, Gambino LS and 
Rogers PA 2001. Focal vascular endothelial growth 
factor correlates with angiogenesis in human 
endometrium. Role of intravascular 
neutrophils. Human Reproduction. 16: 1065–1075. 

Gibson A, Dean R, Yates D and Stavisky J 2013. A 
retrospective study of pyometra at five RSPCA 
hospitals in the UK: 1728 cases from 2006 to 2011. 
The Veterinary Record. 173(16): 396.  

Gobello C, Castex G, Klima L, Rodríguez R and 
Corrada Y 2003. A study of two protocols 
combining aglepristone and cloprostenol to treat 
open cervix pyometra in the bitch. Theriogenology. 
60(5): 901–908. 

Gogny A, Mallem Y, Destrumelle S, Thorin C, 
Desfontis JC, Gogny M and Fiéni 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(9): 1531–1538. 

Hagman R, Kindahl H, Fransson BA, Bergström A, 
Holst BS and Lagerstedt AS 2006. Differentiation 
between pyometra and cystic endometrial 
hyperplasia/mucometra in bitches by 
prostaglandin F2alpha metabolite analysis. 

Theriogenology. 66(2): 198–206. 
Hardy RM and Osborne CA 1974. Canine pyometra: 

pathophysiology, diagnosis and treatment of 
uterine and extra uterine lesions. Journal of the 
American Animal Hospital Association, 10(3): 245-
268. 

Heap RB and Poyser NL 1975. Prostaglandins in 
pyometrial fluid from the cow, bitch and ferret. 
British Journal of Pharmacology. 55: 515-518. 

Ishiguro K, Baba E, Torii R, Tamada H, Kawate N, 
Hatoya S, Wijewardana V, Kumagai D, Sugiura K, 
Sawada T and Inaba T 2007. Reduction of mucin-1 
gene expression associated with increased 
Escherichia coli adherence in the canine uterus in 
the early stage of dioestrus. Veterinary Journal. 
173(2): 325–332. 

Jitpean S, Ambrosen A, Emanuelson U and Hagman R 
2017. Closed cervix is associated with more severe 
illness in dogs with pyometra. BMC veterinary 
research, 13(1): 11. 

Kaeoket K, Persson E and Dalin AM 2001. The sow 
endometrium at different stages of the oestrous 

cycle: studies on morphological changes and 
infiltration by cells of the immune system. Animal 
Reproduction Science. 65(1-2): 95–114. 

Kaymaz M, Bastan A, Erünal N, Aslan S and Findik M 
1999. The Use of Laboratory Findings in the 
Diagnosis of CEH-Pyometra Complex in the Bitch. 
Turkish Journal of Veterinary and Animal Sciences. 
23: 127-133. 

Kempisty B, Bukowska D, Woźna M, Piotrowska H, 
Jackowska M, Zuraw A, Ciesiolka S, Antosik P, 
Maryniak H, Ociepa E, Porowski SZ, Brüssow KP, 
Jaskowski JM and Nowicki M (2013). Endometritis 
and pyometra in bitches: A review. Veterinarni 
Medicina. 58: 289-297. 

Kjelgaard-Hansen M, Jensen AL and Kristensen AT 
2004. Internal quality control of a turbidimetric 
immunoassay for canine serum C-reactive protein 
based on pooled patient samples. Veterinary 
clinical pathology. 33(3): 139–144. 

Kunkitti P, Srisuwatanasagul S, Chatdarong K 2011. 
Distribution of estrogen receptor alpha and 
progesterone receptor, and leukocyte infiltration in 
the cervix of cyclic bitches and those with 
pyometra. Theriogenology. 75(6): 979–987. 

Kuribayashi T, Shimada T, Matsumoto M, Kawato K, 
Honjyo T, Fukuyama M, Yamamoto Y and 
Yamamoto S 2003. Determination of serum C-
reactive protein (CRP) in healthy beagle dogs of 
various ages and pregnant beagle dogs. 
Experimental Animals. 52(5): 387–390.  

Leitner M, Aurich JE, Galabova G, Aurich C and Walter 
I 2003. Lectin binding patterns in normal canine 
endometrium and in bitches with pyometra and 
cystic endometrial hyperplasia. Histology and 
Histopathology. 18(3): 787–795. 

Mallison SM 3rd, Smith JP, Schenkein HA and  Tew JG 
1991. Accumulation of plasma cells in inflamed 
sites: effects of antigen, nonspecific microbial 
activators, and chronic inflammation. Infection and 
Immunity. 59(11): 4019–4025. 

Matijatko V, Mrljak V, Kis I, Kucer N, Forsek J, 
Zivicnjak T, Romić Z, Simec Z and Ceron JJ 2007. 
Evidence of an acute phase response in dogs 
naturally infected with Babesia canis. Veterinary 
Parasitology. 144(3-4): 242–250. 

Mojzisova J, Valocky I and Maracek I 2000. Monitoring 
of selected immunological parameters in bitches 
with glandular cystic hyperplasia pyometra 
complex before and after ovariohysterectomy. 
Polish Journal of Veterinary Science. 3: 23-27. 

Murata H, Shimada N and Yoshioka M 2004. Current 
research on acute phase proteins in veterinary 
diagnosis: an overview. Veterinary Journal. 168(1): 
28–40. 

Nakamura M, Takahashi M, Ohno K, Koshino A, 
Nakashima K, Setoguchi A, Fujino Y and Tsujimoto 
H. 2008. C-reactive protein concentration in dogs 
with various diseases. The Journal of veterinary 
medical science. 70(2): 127–131. 

Nelson RW and Feldman EC 1986. Pyometra. The 
Veterinary clinics of North America. Small animal 
practice. 16(3): 561–576. 

Nelson, R. W., Feldman, E. C., and Stabenfeldt, G. H. 
1982. Treatment of canine pyometra and 
endometritis with prostaglandin F2 alpha. Journal 



Tiptanavattana N. et al. / Thai J Vet Med. 2022. 52(1): 45-56.                53 

 

of the American Veterinary Medical Association. 
181(9): 899–903. 

Osman I, Young A, Ledingham MA, Thomson AJ, 
Jordan F, Greer IA and Norman JE 2003. Leukocyte 
density and pro-inflammatory cytokine expression 
in human fetal membranes, decidua, cervix and 
myometrium before and during labour at term. 
Molecular human reproduction. 9(1): 41–45. 

Peisajovich A, Marnell L, Mold C and Du Clos TW 
2008. C-reactive protein at the interface between 
innate immunity and inflammation. Expert review 
of clinical immunology. 4: 379-390.  

Pepys MB and Hirschfield GM 2003. C-reactive 
protein: a critical update. The Journal of clinical 
investigation. 111(12): 1805–1812. 

Prapaiwan N, Manee-In S, Olanratmanee E and 
Srisuwatanasagul S 2017. Expression of oxytocin, 
progesterone, and estrogen receptors in the 
reproductive tract of bitches with pyometra. 
Theriogenology. 89: 131–139. 

Ribeiro AA, Martin I, Derussi AA, Ferioli RB, Laufer-
Amorim R and Lopes MD. 2012. Histological 
characterization and immunohistochemical 
localization of ki-67 and VEGF factors in bitches' 
corpus luteum at cyclic and early and late 
gestational diestrous. Reproduction in domestic 
animals. 47 Suppl 6: 61–65. 

Romagnoli S 2017. Practical use of hormones in small 
animal reproduction. Revista Brasileira de 
Reproducao Animal. 41 (1): 59-67. 

Ruamrungsri N and Nganvongpanit K 2015. The role 
of C-reactive protein in inflammatory processes of 
some diseases in pets. Veterinary Integrative 
Sciences. 13(1): 3-12. 

Schmidt EMS and Eckersall D 2015. Acute phase 
proteins as markers of infectious diseases in small 
animals. Acta Veterinaria. 65: 149-161.  

Seo KW, Lee JB, Ahn JO, Lee HW, Hwang CY, Youn 
HY and Lee CW 2012. C-reactive protein as an 
indicator of inflammatory responses to 
experimentally induced cystitis in dogs. Journal of 
veterinary science. 13(2): 179–185. 

Sirivaidyapong S and Chotimanukul S 2010. The 
investigation of bacteria in vagina and uterus of 
bitches with closed-cervix and opened-cervix 
pyometra. Thai Journal of Veterinary Medicine. 40. 

Slocombe T, Brown S, Miles K, Gray M, Barr TA and 
Gray D 2013. Plasma cell homeostasis: the effects of 
chronic antigen stimulation and inflammation. 
Journal of immunology. 191(6): 3128–3138. 

Smith FO 2006. Canine pyometra. Theriogenology. 
66(3): 610–612. 

Sokolowski JH and Zimbelman RG 1974. Canine 
reproduction: effects of multiple treatments of 
medroxyprogesterone acetate on reproductive 
organs of the bitch. American journal of veterinary 
research. 35(10): 1285–1287. 

Sproston NR and Ashworth JJ 2018. Role of C-reactive 
protein at sites of inflammation and infection. 
Frontiers in immunology. 9: 754.  

Srisuwatanasagul S, Srisuwatanasagul K and 
Sirividayapong S 2006. A comparative study of 
steroid hormone levels and oestrogen receptor 
alpha (erα) between normal bitch uteri and 

pyometra during dioestrus. Thai Journal of 
Veterinary Medicine. 36(2): 19-27. 

Srisuwatanasagul S, Tummaruk P and Kunavongkrit 
A 2010. Studies of oestrogen and progesterone 
receptors in reproductive organs of prepubertal 
gilts with reproductive disturbance. Thai Journal of 
Veterinary Medicine. 40: 15-24. 

Sukjumlong S, Dalin AM, Sahlin L and Persson E 2005. 
Immunohistochemical studies on the progesterone 
receptor (PR) in the sow uterus during the oestrous 
cycle and in inseminated sows at oestrus and early 
pregnancy. Reproduction. 129(3): 349–359. 

Sukjumlong S, Kaeoket K, Dalin AM and Persson E 
2003. Immunohistochemical studies on oestrogen 
receptor alpha (ER alpha) and the proliferative 
marker Ki-67 in the sow uterus at different stages 
of the oestrous cycle. Reproduction in domestic 
animals. 38(1): 5–12. 

Thangamani A, Srinivas M and Chandra Prasad B 2015. 
Pyometra in bitches: A critical analysis. 
International Journal of Science, Environment and 
Technology. 7(3): 1072 – 1078. 

Thirumurugan K and Rajasundaram R 2011. Efficacy of 
antiprogestin (aglepristone) and prostaglandin F2α 
(Cloprostenol) in treatment of open cervix 
pyometra in bitches. Journal of Indian Veterinary 
Association. Kerala. 9: 38-40. 

Tiptanavattana N, Thongkittidilok C, Techakumphu M 
and Tharasanit T 2013. Characterization and in 
vitro culture of putative spermatogonial stem cells 
derived from feline testicular tissue. Journal of 
reproduction and development. 59(2): 189–195. 

Veiga GA, Miziara RH, Angrimani DS, Papa PC, 
Cogliati B and Vannucchi CI 2017. Cystic 
endometrial hyperplasia-pyometra syndrome in 
bitches: identification of hemodynamic, 
inflammatory, and cell proliferation changes. 
Biology of reproduction. 96(1): 58–69. 

Vermeirsch H, Simoens P and Lauwers H 2000. 
Immunohistochemical detection of the estrogen 
receptor-alpha and progesterone receptor in the 
canine pregnant uterus and placental labyrinth. 
Anatomical record. 260(1): 42–50. 

Vermeirsch H, Simoens P, Hellemans A, Coryn M and 
Lauwers H 2000. Immunohistochemical detection 
of progesterone receptors in the canine uterus and 
their relation to sex steroid hormone levels. 
Theriogenology. 53(3): 773–788. 

Ververidis HN, Boscos CM, Stefanakis A, Saratsis P, 
Stamou AI and Krambovitis E 2004. Serum 
estradiol-17 beta, progesterone and respective 
uterine cytosol receptor concentrations in bitches 
with spontaneous pyometra. Theriogenology. 62(3-
4): 614–623. 

Wallace AE, Sales KJ, Catalano RD, Anderson RA, 
Williams AR, Wilson MR, Schwarze J, Wang H, 
Rossi AG and Jabbour HN 2009. Prostaglandin 
F2alpha-F-prostanoid receptor signaling promotes 
neutrophil chemotaxis via chemokine (C-X-C 
motif) ligand 1 in endometrial adenocarcinoma. 
Cancer research. 69(14): 5726–5733.  

Yamamoto S, Shida T, Honda M, Ashida Y, Rikihisa Y, 
Odakura M, Hayashi S, Nomura M and Isayama Y 
1994. Serum C-reactive protein and immune 
responses in dogs inoculated with Bordetella 

55 



54                                                                                    Tiptanavattana N. et al. / Thai J Vet Med. 2022. 52(1): 45-56. 

 

bronchiseptica (phase I cells). Veterinary research 
communications. 18(5): 347–357.  

Yoon HY, Byun JY, Park KH, Min BS and Kim JH 2017. 
Sterile pyometra in two dogs. Immune network. 
17(2): 128–131. 

 
 

 

56 


