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Abstract

Cystic endometrial hyperplasia-pyometra complex (CEH-P) is a common disease in sexually
mature bitches. Disease progression leads to oxidative stress, resulting in the depletion of uterine
antioxidants and lipid peroxidation of associated cells, which further aggravates the condition.
The concentration of antioxidant enzymes, the level of lipid peroxidation within the uterine
tissue, and its reflection in the serum and urine need to be elucidated. The aim of this study was
to analyze the concentration of antioxidants such as superoxide dismutase (SOD), catalase (CAT),
glutathione (GSH), glutathione peroxidase (GPx), and the lipid peroxidation marker malonalde-
hyde (MDA) in three types of samples, i.c., serum, urine, and uterine tissue. For this purpose,
58 pyometra-affected and 44 healthy bitches were included in the present study. All animals
underwent ovariohysterectomy (OVH). Our data indicated highly significant difference (p<0.01)
in the antioxidant concentrations of uterine, serum and urine samples. Furthermore, there was
a highly significant (p<0.01) difference in the serum levels of ferric reducing antioxidant power
(FRAP) and free radical scavenging activity (FRSA) indicated poor capacity to overcome oxida-
tive stress in the CEH-Pyometra condition. We showed that CEH-P induces oxidative stress,
which further depletes the antioxidant enzyme reserves in the uterus. Thus, the weak antioxidant
defence predisposes to uterine damage and disease progression. The simultaneous depletion
of antioxidants and an increase in lipid peroxidation in the serum and urine may also act as early
indicators of uterine pathology.
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Introduction

The cystic endometrial hyperplasia-pyometra com-
plex (CEH-P) is one of the most frequently occurring
uterine disorders in sexually mature bitches, leading
to life-threatening conditions (Egenvall et al. 2001,
Sasidharan et al. 2023). CEH-P is a hormonally media-
ted uterine pathology that starts with uterine wall
thickening, followed by further inflammatory condi-
tions associated with bacterial invasion and subsequent
deposition of a semisolid pus-like substance within the
uterine lumen (Kumar and Saxena 2018). The dama-
ging effect at the initial stage of the disease is localized
in the uterus; however, as the condition becomes
chronic, it includes systemic illness along with dama-
ging effects on several vital organs (Prasad et al. 2017).
The most common treatment of choice for canine pyo-
metra with systemic illness is ovariohysterectomy
(Jitpean et al. 2014). CEH-P is a multifactorial disease;
however, oxidative stress is the most important predis-
posing factor to its occurrence (Al-Gubory et al. 2010).
Oxidative stress is a consequence of excessive free-
radical production. Free radicals are classified into two
groups: reactive oxygen species (ROS) and reactive
nitrogen species (RNS), both of which are often
referred to as RONS (Agarwal et al. 2005). Excessive
ROS production has been associated with various
reproductive disorders in female dogs. The overproduc-
tion of free radicals leads to oxidative stress, which
causes a surge in ROS production (Agarwal et al. 2005,
Todorova et al. 2005). A basic level of ROS is required
for various physiological processes occurring in cells
and tissues, such as proliferation, maturation, and pro-
grammed cell death (Todorova et al. 2005). The balance
between free radicals and antioxidants is essential for
cellular homeostasis (Al-Gubory et al. 2010). The pro-
duced ROS in tissue is kept to the normal physiological
level by a highly complicated system that includes
the neutralization of free radicals using non-enzymatic
(vitamin C, E, and microminerals, i.e., Zn, Cu) and
enzymatic antioxidants (SOD, CAT, GPx, etc.) (Ercan
and Fidanci 2012). Excessive ROS produced during
oxidative stress rapidly depletes serum and tissue anti-
oxidants, further aggravating pathological conditions.
Excess ROS binds with the unsaturated fatty acid
moiety of the lipid bilayer of the cell membrane, lead-
ing to lipid peroxidation (Al-Gubory et al. 2010). In the
case of CEH-P, uterine tissue damage becomes a favor-
able site for colonization by pathogens, causing further
damage to the endometrial tissue (Duratkova 2010).
It is now well established that oxidants and antioxidant
equilibrium are key to the healthy environment within
the uterus; thus, antioxidant potential is directly asso-
ciated with the reproductive well-being of an animal
(Halliwell 2006).

The present study evaluated and compared the anti-
oxidative capacity of the uterus along with its reflection
in serum and other body secretions, i.e., serum and
urine, among the bitches suffering from pyometra
and healthy bitches at the diestrus stage. The study
hypothesizes that oxidative stress and depletion of the
antioxidant defense system in uterine tissue succumb
the animal to uterine pathological conditions, i.e.,
CEH-P.

Materials and Methods

Animals and sample collection

This study was conducted with the approval and
guidelines of the Institutional Animal Ethics Committee
of the Bihar Animal Sciences University (IAEC/
BV(C/2023/01). The present study was conducted
on 58 CEH-P-affected and 44 healthy diestrus bitches
of different breeds like Labrador Retriever, German
Shepherd, Golden Retriever, and Rottweiler, weighting
30-45 kg in the 4-7-year age group (Table 1). Each
animal in the study underwent a standard clinical eva-
luation protocol and was diagnosed on the basis of an
ultrasonographic evaluation followed by vaginal cyto-
logy. Healthy bitches brought to clinics for spaying
showed the presence of parabasal cells on vaginal cyto-
logy. A preliminary diagnosis of CEH-P was made
based on history, clinical signs, physical examination,
and abdominal palpation, along with haematological
(Nihon Kohden Hematology Analyzer) and blood
biochemical (Biochem Analyzer SS-168 Vet) evalua-
tions. A confirmatory diagnosis of CEH-P was made
based on the presence of hypoechogenic content in the
uterus upon transabdominal ultrasound examination
(SonoScape S12 Vet). During the clinical examination
of bitches, the presence of a small volume of pus-like
semisolid substance was also observed in some cases
of open-type pyometra. Healthy bitches brought for
spaying were categorized as group C, and those diag-
nosed with CEH-P were categorized as group P.
The diestrus phase of the estrus cycle in both groups
were confirmed based on vaginal cytology, indicating
an abundance of parabasal cells, and a serum proges-
terone assay.

Three types of samples were collected: blood/
serum, urine, and uterine tissue. All samples were
obtained using standard veterinary procedures, with
prior permission from pet owners. Blood and urine
samples from both groups were collected on the day
of diagnosis. Approximately 3 ml of whole blood was
collected by puncturing the cephalic vein. One ml
of whole blood was then placed in an ethylene diamine
tetra-acetic acid (EDTA) coated vial for haematological
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Table 1. Detailed information of all the dogs (bitches) underwent ovariohysterectomy (OVH) having physiological and cystic endome-

trial hyperplasia-pyometra complex (CEH-P) uterine condition.

SI. No. Breed Age Body weight

1 Labrador Retriever 6 yrs 41 kg

2 Rottweiler 4 yr 3 months 36 kg

3 Golden Retriever 5 yr.7 months 37.5kg
4 Rottweiler 6 yr 9 months 44 kg

5 German Shepherd 6 yr 2 months 42 kg

6 Labrador Retriever 5 yr 8 months 39 kg

7 German Shepherd 6 yr2 months 38 kg

8 Labrador Retriever 4 yr 6 months 32.5kg
9 Labrador Retriever 5 yr 3 months 36 kg
10 Golden Retriever 6 yr 6 months 42 kg
11 German Shepherd S yrs 39kg
12 Golden Retriever 5 yr 3 month 40 kg
13 Labrador Retriever 5 yr 5 month 38.5kg
14 Labrador Retriever 6 yr 5 month 42 kg
15 Labrador Retriever 6 yrs 38 kg
16 German Shepherd 4 yr 6 month 36 kg
17 German Shepherd 5 yr 2 month 34 kg
18 Rottweiler 4 yr 8 month 37 kg
19 Labrador Retriever 5 yrs 32kg
20 Rottweiler 4 yr 6 month 38 kg
21 Golden Retriever 6 yr 9 month 42 kg
22 German Shepherd 7 yrs 44.5 kg
23 Golden Retriever 6 yr 2 month 38 kg
24 Labrador Retriever 5 yr 9 month 37 kg
25 German Shepherd 6 yr 8 month 41.5kg
26 Labrador Retriever 4 yr 3 month 33 kg
27 Labrador Retriever 5 yr 2 month 38 kg
28 Labrador Retriever 6 yr 7 month 42 kg
29 Rottweiler 5 yr 1 month 37 kg
30 Labrador Retriever 6 yr 8 month 44 kg
31 Labrador Retriever 4 yr 5 month 34 kg
32 German Shepherd 5 yrs 36 kg
33 Rottweiler 6 yr 2 month 40 kg
34 German Shepherd 6 yrs 38 kg
35 Labrador Retriever 5 yr 4 month 34 kg
36 German Shepherd 6 yr 11 month 43 kg
37 Rottweiler 4 yr 7 month 34 kg
38 Rottweiler 5 yr 2 month 36 kg
39 Labrador Retriever 4 yr 9 month 33 kg
40 Golden Retriever 6 yr 4 month 38 kg
41 Labrador Retriever 4 yr 8 month 34 kg
42 Rottweiler 5 yr 9 month 39kg
43 Golden Retriever 5 yr 8 month 35kg
44 Rottweiler 4 yr 6 month 34 kg
45 German Shepherd 4 yr 3 month 35.5kg
46 German Shepherd 6 yr 8 month 41 kg
47 Golden Retriever 6 yr 2 month 39kg
48 Golden Retriever 5 yr 8 month 35kg
49 Labrador Retriever 5 yr 3 month 37 kg
50 German Shepherd 4 yr 6 month 34 kg
51 German Shepherd 6 yr 4 month 39 kg
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cont. Table 1.

SI. No. Breed Age Body weight
52 Labrador Retriever 6 yr 1 month 37 kg
53 German Shepherd 6 yr 3 month 39 kg
54 Golden Retriever 6 yr 8 month 42 kg
55 German Shepherd 5 yr 7 month 36 kg
56 Labrador Retriever 4 yr 3 month 31 kg
57 German Shepherd 4 yr 4 month 35kg
58 Rottweiler 5 yr 6 month 39kg
59 Golden Retriever 5 yr 6 month 36 kg
60 German Shepherd 5 yr 2 month 35kg
61 German Shepherd 6 yr 8 month 42 kg
62 Labrador Retriever 6 yr 3 month 36 kg
63 Labrador Retriever 7 yr 44 kg
64 Rottweiler 6 yr 4 month 37 kg
65 Golden Retriever 6 yr 8 month 39kg
66 Golden Retriever 6 yr 9 month 38 kg
67 German Shepherd 4 yr 6 month 34 kg
68 Labrador Retriever 5 yr 2 month 38 kg
69 Rottweiler 4 yr 4 month 35kg
70 German Shepherd 5 yr 10 month 39.5kg
71 German Shepherd 6 yr 7 month 43 kg
72 German Shepherd 6 yr 2 month 38 kg
73 German Shepherd 4 yr 7 month 34 kg
74 Golden Retriever 4 yr 2 month 32kg
75 Labrador Retriever 4 yr 3 month 36 kg
76 Golden Retriever 6 yr 11 month 42 kg
77 Labrador Retriever 6 yr 9 month 39kg
78 German Shepherd 6 yr 7 month 41 kg
79 Rottweiler 6 yr 2 month 36 kg
80 German Shepherd 4 yrs 32 kg
81 Labrador Retriever 6 yr 8 month 40 kg
82 Labrador Retriever 6 yr 6 month 37 kg
83 Golden Retriever 6 yr 10 month 44.5 kg
84 Rottweiler 6 yr 8 month 42 kg
85 Labrador Retriever 6 yr 2 month 35.5kg
86 Golden Retriever 6 yr 9 month 42 kg
87 German Shepherd 6 yr 1 month 37 kg
88 Golden Retriever 5 yr 8 month 36 kg
89 Labrador Retriever 6 yr 11 month 43 kg
90 Golden Retriever 6 yr 4 month 41 kg
91 German Shepherd 4 yr 2 month 36 kg
92 Labrador Retriever 4 yr 2 month 33.5kg
93 German Shepherd 6 yr 1 month 42 kg
94 German Shepherd 5 yr 6 month 38 kg
95 German Shepherd 6 yr 8 month 42 kg
96 Labrador Retriever 6 yr 2 month 39kg
97 Golden Retriever 4 yr 3 month 32.5kg
98 German Shepherd 5 yr 4 month 36 kg
99 Golden Retriever 6 yr 3 month 41 kg
100 Rottweiler 4 yr 9 month 33.5kg
101 German Shepherd 5 yr 7 month 37.5kg
102 Labrador Retriever 5 yr 9 month 38 kg
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analysis. The remaining sample was stored in a plain
vial and left for 15 minutes at room temperature,
followed by centrifugation for 10 minutes at 2000 g.
The supernatant was used for biochemical evaluation,
and the remaining samples were stored at -20°C for hor-
monal and antioxidant evaluation. Urine was collected
by per-vaginal catheterization using a Ryle’s tube using
proper aseptic precautions and stored at -20°C for anti-
oxidant analysis. Ovariohysterectomy was carried out
as per the standard surgical procedure followed at our
clinic. Briefly, a combination of atropine sulphate
(0.4 mg/kg) and butorphanol (0.35 mg/kg) was admi-
nistered as pre-anaesthetic medication. After 15 minutes,
induction of anaesthesia was performed with a combi-
nation of tiletamine and zolazepam (1:1, w/w ratio)
at the rate of 4 mg/kg body weight, followed by mainte-
nance with the above combination at the rate of 7.5 mg/kg.
Uterine samples were collected in a normal saline solu-
tion and placed in the laboratory in a styrofoam box
filled with ice. Longitudinal incisions were made to
evaluate macroscopic findings such as endometrial
thickening and the presence of pus or pus-like substanc-
es. Similarly, uterine samples intended for assessing
antioxidant levels were also collected by excising
a 1 cm? area at four different parts of the uterus (two
from the body of the uterus and one each from the uter-
ine horns), followed by thorough rinsing with normal
saline to remove traces of blood or pus in order
to avoid any effect on antioxidant levels. These parts
were stored in an Eppendorf tube at -80°C until further
processing.

Homogenization and sample processing

Uterine samples intended for antioxidant analysis
were rinsed thoroughly with phosphate-buffered saline
(pH 7.4), followed by homogenization. Homogenates
were then centrifuged at 4°C for 30 min at 3000 g, and
the supernatants were analysed for TBARS, SOD, CAT,
and GPx. Similarly, serum and urine samples were ana-
lysed for MDA, SOD, GSH, CAT, GPx, LDH, FRAP,
ABTS radical scavenging activity, and FRSA (in serum),
as well as urea, GGT, and creatinine (in urine) accor-
ding to the standard protocol followed in our lab along
with additional methodologies described by Karabulut
(2018), with slight modifications.

Histo-pathological evaluation of uterus

Histopathological evaluation was conducted by
tissue sectioning, followed by haematoxylin and eosin
staining, as described by Wozna-Wysocka et al (2021).

Statistical analysis

The results obtained from both groups (C and P)
were subjected to statistical analysis. An independent
sample t-test was calculated using SPSS version 20 (IBM
Corporation). Results were presented with the mean,
standard deviation of the mean (mean + SD), p value,
as well as lower and upper values of the 95% confidence
interval (CI). The confidence interval (CI) set at 95%
was calculated based on the difference of means between
the C and P groups. Results with a value of p<0.05 were
used to indicate statistically significant, and p<0.01
values were treated as highly significant, and p>0.05 was
calculated as non-significant (NS).

Results

Histopathological evaluation of the samples from
group C revealed no degenerative changes in the endo-
metrium, and the findings were suggestive of a typical
diestrus stage of the estrous cycle (Fig. 1). The P group
showed cystic endometrial hyperplasia along with flat-
tened epithelium of the endometrial gland at several
locations in the endometrium. Almost all the samples
in this group showed proliferative endometrium with
signs of acute to chronic inflammation. Furthermore,
multiple samples also showed signs of endometrial
hemorrhage (Fig. 2)

The serum biochemical evaluation conducted on
both groups i.e., C and P, shown in Table 2, indicated
that creatinine, blood urea nitrogen, and serum glutamic
pyruvic transaminase (SGPT), blood glucose, albumin
and phosphorus values differed highly significantly
(p<0.01). Similarly, hematological evaluations shown
in Table 3 indicated highly significant difference
(p<0.01) in TEC, TLC, hemoglobin, PCV, neutrophils
and lymphocytes. Highly significant differences
(p<0.01) between two groups were observed in the
serum antioxidant capacity parameters, as indicated
in Table 4. The antioxidant concentration in uterine
tissue, as indicated in Table 5, showed highly signifi-
cant difference (p<0.01) in SOD, CAT, GSH, GPx, and
TBARS (MDA estimation) concentrations between
both groups. Urine samples were also evaluated for the
presence of urea, creatinine, and GGT, and all values
differed highly significantly (p<0.01), as indicated
in Table 6. However, non-significant (>0.05) differen-
ces were observed in serum SGOT, total protein, calci-
um and siodium levels.

Discussion

The present work evaluated the antioxidant status in
the blood, uterus, and urine of healthy and CEH-Pyo-
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Fig. 1. Representative photograph showing the physiological bitch endometrium during the diestrus stage of the estrous cycle. Arrow
indicating clear lumen surrounded by stroma with few small cystic structures. The samples of the uterus were sectioned for ex-
amination under higher magnification (x100).
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-

Fig 2. Representative photograph showing cystic hyperplasia (arrow) along with flattened epithelium (white arrowhead) of the endome-
trial gland at several locations in the bitch endometrium. The samples of the uterus were sectioned for examination under higher
magnification (x100).
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Table 2. Serum biochemistry (mean+SD) in bitches.
Parameters C(nirz:;) Izng:rgg) P value Lowgesr(f;ai;per Significance

Creatinine (mg/dl) 0.72+£0.10 1.61+0.21 0.00 [0.956, 0.85] **
BUN (mg/dl) 15.69 £2.71 74.65 £10.95 0.00 [61.29, 56.63] woE
SGOT (IU/L) 40.99 +5.81 40.66 + 5.69 0.38 [1.11,2.01] NS
SGPT (IU/L) 33.34+7.54 21.31+4.18 0.00 [10.53, 13.6] **
ALP (U/L) 108.54 £ 8.23 100.86 +9.39 0.01 [1.89, 13.46] *
Total Protein (g/dL) 8.34+0.15 8.65+0.23 0.54 [0.45,0.2] NS
Albumin (mg/dl) 2.76 £0.57 2.23+0.44 <0.001 [0.44, 0.6] **
Glucose (mg/dl) 79.79 +10.17 57.98 + 11.64 <0.001 [17.43,26.18] **
Calcium (mmol/L) 9.91 £2.62 9.49+1.53 0.158 [0.02, 0.83] NS
Phosphorus (mg/dl) 2.46 £ 0.39 3.54 +0.68 <0.001 [1.3,0.85] **
Sodium (mEgq/L) 127.59+11.43 126.79 £ 8.11 0.351 [3.3,4.94] NS
Potassium (mEq/L) 4.51+0.56 4.87+0.84 0.002 [0.7,0.13] *x
Chloride (mEq/L) 129.35+13.44 117.15 £ 10.40 <0.001 [8.02, 17.11] **

* p<0.05; ** p<0.01, NS-p>0.05. 95% CI was calculated based on the difference of means between C and P groups.

Table 3. Hematological evaluation (mean+SD) in bitches.

Parameters C group (n=44) P group (n=58) P value Lovs?esr(ygzilp)per Significance

TEC (10%/uL) 6.11 £0.50 4.74+0.55 <0.001 [0.91, 1.82] o
TLC (10°/puL) 10.26+0.71 20.94 +£2.29 <0.001 [11.39,9.97] **
Haemoglobin (gm/dL) 14.25+0.59 11.54 +1.07 <0.001 [2.29, 3.03] o
PCV (%) 43.5+£2.50 40.8+2.43 <0.001 [1.71, 4.64] *x
Neutrophils (%) 81.25+2.29 78.8 £ 1.46 0.006 [1.63,3.11] **
Lymphocytes (%) 15.75+£2.02 16.8 +1.07 <0.001 [1.67,0.44] **
Monocytes (%) 1.5+0.82 3.2+0.74 <0.001 [1.99, 1.37] *x

* p<0.05; ** p<0.01, NS-p>0.05. 95% CI was calculated based on the difference of means between C and P groups.

Table 4. Serum concentrations of antioxidants and antioxidant capacity (mean+SD) in bitches.

Parameters
Antioxidants C group P group P value 95% CI Signifi-
(n=44) (n=58) Lower & upper  cance

Lipid peroxidation Malondialdehyde (MDA) (nmol/mL) 4.34+0.61 9.23+0.77 <0.001 [5.16, 4.6] o
SOD (ng/mL) 90.16+7.21 69.66+7.01 <0.001 [17.68, 23.39] *x
GSH (mM) 0.19+0.21 0.28+0.06 0.001 [0.14, 0.03] **
Catalase (ng/mL) 177.3749.82 156.39+10.80  <0.001 [16.85,25.09] *x
Glutathione peroxidase (U/L) 4.66 £0.57 2.29+0.32 <0.001 [2.19, 2.54] ok
Lactate dehydrogenase (LDH) (U/L) 505.17+68.86 1236.92+136.33  <0.001  [775.52, 686.36] o
Ferric reducing antioxidant power (FRAP) (umol/L) 527.14+54.27  487.45+54.28 <0.001 [18.54, 61.6] ok
ABTS radical scavenging activity (TE) 1.76+0.46 1.46+0.52 0.002 [0.10, 0.49] wok
Free radical Scavenging activities (FRSA) (TE) 104.72+9.70 82.53+£7.27 <0.001 [18.85,25.52] ok
Progesterone (ng/ml) 11.06+1.44 11.52+1.02 0.034 [0.93, 0.03] NS

* p<0.05; ** p<0.01, NS-p>0.05. 95% CI was calculated based on the difference of means between C and P groups.
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Table 5. Antioxidant capacity of uterine tissue (mean+SD) in bitches.

Parameters (Eng:rj‘);)p P('ng:rgg) P value Lov?esrligcilpper Significance

Lipid peroxidation (Malondialdehyde) (nmol/mL)  22.43+2.80 30.80+6.19 <0.001 [9.42,5.3] **
SOD (ng/mL) 3.9+0.51 1.37+0.43 <0.001 [2.35,2.71] **
GSH (mM) 13.0+£2.20 8.81+1.11 <0.001 [1.04,0.92] ko
Catalase (ng/mL) 3.79+£0.48 1.21+£0.29 <0.001 [2.42,2.73] *E
Glutathione peroxidase (U/L) 5.42+0.46 3.85+0.67 <0.001 [1.33,1.8] ok

* p<0.05; ** p<0.01, NS-p>0.05. 95% CI was calculated based on the difference of means between C and P groups.

Table 6. Evaluation of biochemical parameters in bitch urine (mean+SD).

Parameters ((:ng=r::ll§) Izliir(s)g? P value Lowz:i(goc %Ipper Significance

Urea (mg/dl) 209.63+ 33.27 353.93+ 94.25 <0.001 [173.81, 114.77] o
Creatinine (umol/L) 17.38 +1.96 48.5+4.43 <0.001 [32.57,29.72] woE
GGT (U/L) 22.47+5.99 83.82+7.01 <0.001 [57.62,52.43] **

* p<0.05; ** p<0.01, NS-p>0.05. 95% CI was calculated based on the difference of means between C and P groups.

metra-affected dogs and it was observed that the later
condition significantly compromised the antioxidant
capacity. CEH-Pyometra affected dogs revealed oxida-
tive stress-related changes in uterine tissue.

Production of ROS is a continuous process in re-
sponse to basic physiological activities in animals and
humans; overproduced oxidants are controlled by anti-
oxidants present within tissues, including reproductive
organs (Halliwell and Whiteman 2004, Santos et al.
2016). Excessive ROS production indicates concurrent
inflammation, resulting in oxidative stress, leading
to a massive release of ROS (El-Bahr and El-Deeb
2016). Oxidant scavenging enzymes in the uterus regu-
late the level of oxidants to a limited extent; however,
higher levels of ROS quickly deplete these scavengers,
which is indicated by the release of several biochemical
substances which act as markers (Halliwell 2006).
The present study aimed to evaluate the antioxidant
status of the uterus affected by CEH-pyometra. This
study evaluated the status of antioxidants and inflam-
matory markers in three important tissues: blood/
/serum, uterine tissue, and urine. ROS-induced damage
to polyunsaturated fatty acids present within the cell
membrane causes the release of MDA, which is eva-
luated by measuring thio-barbituric acid reactive sub-
stance levels in sample tissues. Our findings indicated
that the uterine MDA value was significantly higher in
group P, revealing the occurrence of lipid peroxidation
in the pyometra-affected uterus, which is in agreement
with the findings of Nielsen et al (1997). In contrast,
Karabulut (2018), observed a non-significant increase

in MDA levels in the uterine tissues of pyometra-
-affected bitches. Oxidant scavenging enzymes play
a vital role in the regulation of ROS levels by neutrali-
zing them. Superoxide dismutase (SOD) and catalase
are two important cellular antioxidant enzymes present
in cells. SOD is an antioxidant enzyme with high pro-
tective ability; therefore, it is considered as the first line
of defense against the damaging effects of ROS. These
enzymes, i.e., SOD and catalase, are primarily involved
in controlling the production of hydrogen peroxide and
oxygen radicals through the digestion of cellular and
extracellular superoxide radicals, thereby inhibiting the
formation of H,O,. Catalase rapidly catalyzes the con-
version of preformed H,O, into water and oxygen mol-
ecules, thus preventing damage to surrounding cells.
Our biochemical findings of serum and uterine cells
showed that antioxidant enzymes such as SOD and
catalase were significantly (p<0.01) decreased in
CEH-Pyometra affected dogs compared to the control,
which was in agreement with the findings of Karabulut
(2018). Contrary to these findings, Szczubial and
Dabrowski (2009), reported non-significant differences
in SOD and CAT enzyme concentrations between pyo-
metra and control groups. The trend in the latter study
may have been observed due to the estimation of these
enzymes at an early stage of pathology, as the duration
of inflammation considerably affects the levels of sev-
eral antioxidant enzymes (Szczubiat et al. 2019). Gluta-
thione peroxidase (GPx) is another antioxidant enzyme
that removes hydrogen peroxide production and, there-
fore, acts as a defensive agent against lipid peroxida-
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tion. The lower level of GPx in our study indicated oxi-
dative stress in the pyometra affected group. GSH is an
important antioxidant enzyme that is essential for the
prevention of cellular oxidative damage. GSH rapidly
neutralizes ROS, prevents DNA damage, restores cellu-
lar activity, and controls apoptotic changes caused by
oxidants (Dringen 2000). Levels of GSH and GPx are
related to each other, as earlier is involved in the synthe-
sis of later enzymes. Ghezzi (2011), observed that
immunocompromised animals with higher ROS pro-
duction were deprived of tissue GSH. Similarly, previ-
ous studies have reported the progression of CEH-Pyo-
metra in bitches with lower levels of GSH and GPx
enzymes (Smith 2006, Jitpean et al. 2012). These stud-
ies potentiate our findings, as we observed a highly sig-
nificant difference (p<0.01) in serum and uterine tissue
concentrations of GSH and GPx between the P and C
groups. The reduced level of antioxidant enzymes,
namely, CAT, SOD, GPx and GSH, in the P group
of our study reflects overproduction of free radicals
in bitches suffering from CEH-Pyometra as compared
to the C group. Valko et al. (2007), opined that overpro-
duced free radicals rapidly deplete antioxidant enzymes,
which is in agreement with our results for these enzyme
levels. (Emanuelli et al. 2012, Gogoi et al. 2018). Once
ROS production overpowers uterine antioxidant capac-
ity, it initiates cellular damage through lipid peroxida-
tion, resulting in sudden surge of leukocytes i.e., poly-
morpho-nuclear cells (PMN), lymphocytes, eosinophils,
monocytes and macrophages (Biswas et al. 2016). PMN
cells and macrophages, during their phagocytic activity,
release ROS which adds to oxidative stress-induced
cellular damage (Hussain et al. 2016). These findings
are in accordance with our hematological findings,
which reported a highly significant (p<0.01) increase in
the proportion of PMN cells, lymphocytes and mono-
cytes in the P group as compared to the healthy C group.
Similarly, a highly significant (p<0.01) increase in
MDA levels in the P group indicates considerable cellu-
lar damage in uterine tissues in CEH-Pyometra affected
dogs. Our hematological findings as well as MDA
levels in serum and uterine tissue are in relation to ear-
lier findings by Hussain et al. (2016). A higher level
of ROS leads to lipid peroxidation, causing the decom-
position of the lipid moiety of the cellular architecture
and exerting a significant impact on the properties
of the cell membrane and the connections among cell
organelles (Ghezzi 2011). Damage to the lipid moiety,
specifically polyunsaturated fatty acids, results in the
production of malondialdehyde (MDA), a low-molecu-
lar-weight final product from damaged cells. MDA was
measured by estimating thiobarbituric acid reactive
substances (TBARS). We observed a significantly high
level of TBARS in the serum, indicative of lipid pero-

xidation. Our findings were consistent with those
reported by Nielsen et al. (1997). TBARS estimation
of uterine tissue revealed that lipid peroxidation of
uterine tissue is associated with pyometra conditions.
Serum BUN and creatinine concentrations indicate
the filtration rate of the glomerulus; however, these
parameters should not be treated as markers for assess-
ing the cellular and functional impairment of kidney
tubules because of their poor specificity. The presence
of enzymes like gamma-glutamyl transferase (GGT)
and alkaline phosphatase in urine is considered a mar-
ker of renal tubular impairment. Proximal convoluted
tubules in the kidney possess GGT, but this enzyme
fails to cross the glomerular surface due to its higher
molecular weight, thus concentration of urinary GGT
in physiologically normal kidney remains negligible.
However, elevated levels of GGT in urine indicates
damage to convoluted tubules of kidney, reflecting
renal impairment (Rivers et al. 1996). The present study
evaluated Urea, GGT and creatinine levels in urine and
all these parameters were highly significant (p<0.01)
between the two group. Our findings were in agreement
with previous works which observed enhanced level
of urinary creatinine and GGT levels in dogs suffering
with kidney damage (Clemo 1998). Our result of uri-
nary GGT, creatinine and urine indicate possible im-
pairment of renal tubular function of dogs affected with
CEH-Pyometra. Although findings of our study are
prominent yet inclusion of cytokines study as well
as expression study of mRNA regulating antioxidant
capacity of uterus, would have potentiated our work
with special reference to early disease diagnosis.
Depletion of the antioxidant reserve was reflected
as weakened antioxidant capacity of the uterus, which
renders it more suitable for CEH-P pathogenesis.

Conclusions

In conclusion, CEH-P progression depends on several
factors including ROS production. Our findings suggest
that excessive ROS induces oxidative stress, which
further depletes the antioxidant enzyme reserves in the
uterus and serum. Weak antioxidant defences may be
the major factor responsible for uterine damage through
lipid peroxidation and disease progression with further
damage to other vital organs including Kidney.

Acknowledgements

The authors are grateful to the Hon’ble Vice-chan-
cellor, Bihar Animal Sciences University, Patna, for his
support and for providing the necessary infrastructure
for conducting research. No funding was received for



52

A. Kumar et al.

this study. The preliminary results were presented as an
abstract at the International Symposium on ISSAR
in Kerala, India.

References

Agarwal A, Gupta S, Sharma RK (2005) Role of oxidative stress
in female reproduction. Reprod Biol Endocrinol 3: 28.
Al-Gubory KH, Fowler PA, Garrel C (2010) The roles of cellular
reactive oxygen species, oxidative stress and antioxidants
in pregnancy outcomes. Int J Biochem Cell Biol

42:1634-1650.

Biswas SK (2016) Does the interdependence between oxidative
stress and inflammation explain the antioxidant paradox?
Oxid Med Cell Longev 2016: 5698931.

Clemo FA (1998) Urinary enzyme evaluation of nephrotoxicity
in the dog. Toxicol Pathol 26: 29-32.

Dringen R (2000) Metabolism and functions of glutathione
in brain. Prog Neurobiol 62: 649-671.

Durackova Z (2010) Some current insights into oxidative stress.
Physiol Res 59: 459-469.

Egenvall A, Hagman R, Bonnett BN, Hedhammar A, Olson P,
Lagerstedt AS (2001) Breed risk of pyometra in insured
dogs in Sweden. J Vet Intern Med 15: 530-538.

El-Bahr SM, El-Deeb WM (2016) Acute-phase proteins, oxida-
tive stress biomarkers, proinflammatory cytokines, and car-
diac troponin in Arabian mares affected with pyometra.
Theriogenology 86: 1132-1136

Emanuelli MP, Martins DB, Wolkmer P, Antoniazzi AQ,
Emanuelli T, de Vargas AC, dos Anjos Lopes ST (2012)
Complete blood count, total plasma protein, neutrophil
oxidative metabolism, and lipid peroxidation in female
dogs with pyometra associated with Escherichia coli. Comp
Clin Pathol 21: 309-313.

Ercan N, Fidanct UR (2012) Urine 8-Hydroxy-2’-Deoxyguano-
sine (8-OHdG) Levels of Dogs in Pyoderma. Ankara Univ
Vet Fak Derg 59: 163-168.

Ghezzi P (2011) Role of glutathione in immunity and inflamma-
tion in the lung. Int J Gen Med 4: 105-113.

Gogoi J, Leela V, Suganya G, Shafiuzama M, Vairamuthu S,
Rajamanickam K, Pandiyan AS (2018) Effect of ovariohys-
terectomy on oxidative stress markers in pyometra affected
bitches. Int J Chem Stud 6: 994-998.

Halliwell B (2006) Reactive species and antioxidants. Redox
biology is a fundamental theme of aerobic life. Plant Physiol
141: 312-322.

Halliwell B, Whiteman M (2004) Measuring reactive species
and oxidative damage in vivo and in cell culture: how
should you do it and what do the results mean? Br J Pharma-
col 142: 231-255.

Hussain T, Tan B, Yin Y, Blachier F, Tossou MC, Rahu N (2016)
Oxidative stress and inflammation: what polyphenols can
do for us? Oxid Med Cell Longev 7432797.

Jitpean S, Hagman R, Strém Holst B, Hoglund OV, Pettersson
A, Egenvall A (2012) Breed variations in the incidence

of pyometra and mammary tumours in Swedish dogs.
Reprod Domest Anim 47(Suppl): 347-350.

Jitpean S, Strom-Holst B, Emanuelson U, Hoglund OV,
Pettersson A, Alneryd-Bull C, Hagman R (2014) Outcome
of pyometra in female dogs and predictors of peritonitis and
prolonged postoperative hospitalization in surgically treated
cases. BMC Vet Res 10: 6.

Kumar A, Saxena A (2018) Canine pyometra: Current perspec-
tives on causes and management — a review. Ind J Vet Sci
Biotechnol 14: 52-56.

Nielsen F, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean P
(1997) Plasma malondialdehyde as biomarker for oxidative
stress: reference interval and effects of life-style factors.
Clin Chem 43: 1209-1214.

Prasad VD, Kumar PR, Sreenu M (2017) Pyometra in bitches:
a review of literature. Res Rev J Vet Sci Technol 6: 12-20.

Rivers BJ, Walter PA, O’Brien TD, King VL, Polzin DJ (1996)
Evaluation of urine gamma-glutamyl transpeptidase-to-
-creatinine ratio as a diagnostic tool in an experimental
model of aminoglycoside-induced acute renal failure in the
dog. J Am Anim Hosp Assoc 32: 323-336.

Santos C, dos Anjos Pires M, Santos D, Payan-Carreira R (2016)
Distribution of superoxide dismutase 1 and glutathione
peroxidase 1 in the cyclic canine endometrium. Therio-
genology 86: 738-748.

Sasidharan JK, Patra MK, Khan JA, Singh AK, Karikalan M,
De UK, Saxena AC, Dubal ZB, Singh SK, Kumar H,
Krishnaswamy N (2023) Differential expression of inflam-
matory cytokines, prostaglandin synthases and secretory
leukocyte protease inhibitor in the endometrium and circu-
lation in different graded CEH-pyometra in bitch. Theriog-
enology 197: 139-149.

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

Szczubial M, Dabrowski R, Bochniarz M, Brodzki P (2019)
Uterine non-enzymatic antioxidant defence mechanisms
(glutathione, vitamin C, copper and zinc) in diagnosis
of canine pyometra. Pol J Vet Sci 22: 549-555.

Szczubial MA, Dabrowski RO (2009) Activity of antioxidant
enzymes in uterine tissues of bitches with pyometra. Bull
Vet Inst Putawy 53: 673-676.

Todorova I, Simeonova G, Kyuchukova D, Dinev D, Gadjeva V
(2005) Reference values of oxidative stress parameters
(MDA, SOD, CAT) in dogs and cats. Comp Clin Pathol
13: 190-194.

Toydemir Karabulut TS (2018) SOD, CAT, TBARS, and TNF-a
concentrations in uterine tissues of bitches with pyometra
and dioestrus bitches. Acta Vet Eurasia 44: 59-62.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J
(2007) Free radicals and antioxidants in normal physiologi-
cal functions and human disease. Int J Biochem Cell Biol
39: 44-84.

Wozna-Wysocka M, Rybska M, Btaszak B, Jaskowski BM,
Kulus M, Jaskowski JM (2021) Morphological changes
in bitches endometrium affected by cystic endometrial
hyperplasia-pyometra complex — the value of histopatho-
logical examination. BMC Vet Res 17: 174.



