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depletion of lymphocytes in germinal centers of cortex and 
excess of mononuclear cells in medullary sinuses of the 
medulla. Spleen revealed mild to severe depletion of 
lymphocytes in white pulp area.

 In the present study, characteristic catarrhal to 
hemorrhagic abomasitis and hemorrhagic enteritis were 
important findings. Similar findings were also reported by 
Kumar et al. (2013) and Kumar et al. (2015). Hemorrhagic 
enteritis may be because of severity of parasitic infection 
and migration of parasites in the mucosa. Anemia is 
attributed to blood sucking ability of parasite resulting into 
decreased haemoglobin (Das and Singh, 2010). Swelling 
and edematous changes in lymph nodes grossly and 
lymphocytic depletion as microscopic lesions justified the 
cause for marked immunosuppression which may further 
make animal more susceptible for the secondary bacterial 
and viral infections. 

 Haemonchus contortus was one of the most 
important causative agents for GIT disorders in sheep, 
which was found responsible for weight loss, anemia and 

hemorrhagic enteritis which ultimately resulted in to 
death. In order to prevent untoward effects of parasite and 
heavy economic losses, regular deworming should be 
followed in field condition. 
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Fig. 1. Thin wire like worms-Hemonchus contortus in bunches tightly adhered to mucosa of abomasums leading to swelling of mucosal folds and 
congestion in one case; Fig. 2. Formation of white calcified nodules on mucosa of small intestine due to Hemonchus contortus infection  in other case; 
Fig. 3. Moderate infiltration of eosinophils (arrow) and goblet cell hyperplasia in mucosa of abomasum (H & E stain X 100); Fig. 4. Hemorrhages at  
the tip of villi in the mucosa and infiltration of mononuclear cells in small intestine (H & E stain X 100)
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SUMMARY

 This study reports histopathological changes and immunohistochemical expression of alpha smooth muscle actin (α-SMA), pancytokeratin 
(PCK), vimentin, proliferating cell nuclear antigen (PCNA), Ki67 and cycloxygenase-2 (COX-2) in leiomyosarcoma in 5 years old male Labrador 
dog. An ulcerated irregular oval growth was observed at shoulder level. Microscopically, it revealed interlacing fascicles of muscle fibres with 
densely packed elongated nuclei and scanty cytoplasm. Mean values of mitotic and AgNOR counts were 12/high power field and 3.44/nucleus, 
respectively. On immunohistochemistry, it revealed diffused cytoplasmic staining for α-SMA in neoplastic cells which indicated its smooth muscle 
origin.  Mild to moderate cytoplasmic staining for vimentin and no immunoreactivity for PCK in the neoplastic cells suggested mesenchymal origin 
of neoplastic cells. Proliferating neoplastic cells showed nuclear immunoreactivity for PCNA and Ki67. PCNA and Ki67 index was 75% and 4.1%, 
respectively. COX-2 immunoreactivity was noticed in cytoplasm of spindle shaped cells. It may be concluded that the immunohistochemical 
expression of vimentin and α-SMA in this case explained the mesenchymal and smooth muscle origin of tumour, respectively. Evaluation of mitotic 
and AgNOR counts, expression of PCNA, Ki67 and COX-2 indicated the malignancy potential and biological behaviour of leiomyosarcoma.

Keywords: Alpha smooth muscle actin, COX-2, Leiomyosarcoma, Proliferating cell nuclear antigen, Vimentin
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 Leiomyosarcoma accounts for 5-10% of soft tissue 
sarcomas. These are observed in the wall of the blood 
vessels, pili-erector muscles, smooth muscles of vagina, 
vulva, uterus, perianal skin etc. (Serin et al., 2010; Lee et 
al., 2013; Meuten, 2017). Dermal smooth muscle tumours 
occur most frequently in dogs, cats and ferrets. It is often 
difficult to differentiate with malignant fibrohistiocytoma, 
fibrosarcoma or benign Schwannoma because of similar 
histological features. Therefore, the various differentiating 
markers such as pancytokeratin (PCK), vimentin and alpha 
smooth muscle actin (α-SMA) are widely used for 
determining the origin of tumours. Cytokeratins (CKs) are 
the intermediate filament proteins which are present 
within the cytoplasm of all epithelial cells and their 
tumours. Likewise, vimentin is an intermediate filament 
protein normally expressed in mesenchymal cells. α-SMA 
is a cytosolic intermediate filament and it is a specific 
marker for smooth muscle differentiation (Meuten, 2017). 
Several proliferative tumour markers such as argyrophilic 
nucleolar organizer region (AgNOR) and mitotic counts, 
proliferating cell nuclear antigen (PCNA) and Ki67 are the 
important prognostic factors which are determinants of 
aggressiveness of a tumour (Meuten, 2017). COX-2 is 
induced in response to inflammatory stimuli and it has 
been implicated in genesis of numerous cancers and high 
expression of COX-2 in the tumours has been related to 
malignancy (Spugnini et al., 2005). Keeping above facts in 
view, the present study was carried out with an objective to 
study the pathomorphological and immunohistochemical 
expression of α-SMA, vimentin, PCK, PCNA, Ki67 and 

COX-2 in leiomyosarcoma.

 The present study was conducted on the tissue 
sample collected from a 5 years old male Labrador dog 
presented to Private Veterinary Clinics, Haryana with 
history of growth at shoulder level. Detailed gross 
examination was carried out. Then representative tissue 
sample was collected and fixed in 10% buffered formalin. 
After fixation, tissue was processed as per conventional 
method. Sections of 5-micron thickness were cut and 
stained with haematoxylin and eosin (H&E) and duplicate 
sections stained with Masson’s trichrome (Luna, 1968). 
The area of the tumour section in H&E stained slides with 
highest overall mitotic activity was chosen for evaluation 
of mitotic count. Then total number of mitotic figures were 
counted in 10 high power fields (hpf) and expressed as 
average mitotic count/hpf (Romansik et al., 2007). 
AgNOR count was performed as per the method described 
by Crocker et al. (1989). All the AgNOR dots scattered in 
the nucleus were considered for counting without 
resolving the intranuclear dots. It was counted in 100 
consecutive nuclei and mean number of AgNOR dots per 
nucleus was calculated. Multiple serial sections of 3-4 
micron thickness of formalin fixed tissues were cut and taken 
on glass slides coated with 3-aminopropyl-triethoxysilane. 
After deparaffinization in xylene (2 changes of 10 min 
each), the sections were rehydrated through descending 
grades of ethanol (100, 90, 70 and 50%) and then in 
distilled water. Antigen retrieval was done by microwave 
irradiation in a coplin jar containing 0.01M citrate buffer 
(pH 6.0) for 30 minutes. Quenching of endogenous 
peroxidise activity was performed by treating sections *Corresponding author: shreyabahl@gmail.com
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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Figure 1: Cyclic conditions for PCR profiling for detection of 
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Fig. 1. Histogram depicting frequency distribution of animal
right score of respondents
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Research Article

 The estrus synchronizathod that synchronizes 
ovulations is named briefly as “Ovsynch” (Pursley et al., 
1995). The study was aimed to evaluate the efficacy of 
different methods of estrus synchronisation protocols in 
crossbred postpartum cows.

MATERIAL AND METHODS

 A total of 20 healthy crossbred cows at 60-90 days 
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ABSTRACT

 The objective of present research work was to study the efficacy of two different synchronization protocols for improving the fertility in 
postpartum crossbred cows. A totah protocol induces better estrus response and first service conception rate in postpartum cows. 
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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ABSTRACT

 Present study comprised of 72 crossbred cows (group I= 60 endometritic and group II=12 healthy) at 30±2days postpartum. The 
polymorphonuclear neutrophils (PMN) cell coun
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with 3% hydrogen peroxide (prepared in absolute 
methanol) for 15 min. The blocking of non-specific sites 
was done by 5% normal goat serum (Sigma Chemicals) 
prepared in phosphate buffered saline (PBS, pH 7.4) for 30 
minutes. For different markers, immunostaining was done 
as per manufacturer’s instructions with slight modifications. 
Primary mouse monoclonal antibodies i.e. anti- α SMA 
(clone 4A4, Novus biological), anti-pancytokeratin (clone 
PCK-26, Sigma), anti-vimentin (clone V9, Sigma), anti-
PCNA (clone PC10, Sigma) were used at 1:400, 1:100, 
1:400 and 1:400 dilutions, respectively. Primary rabbit 
monoclonal antibodies viz. anti-Ki67 (SP6) and anti-
COX-2 (SP21) were used at dilutions of 1:25 and 1:50, 
respectively. Dilutions were prepared in 1% bovine serum 
albumin (BSA, Sigma Chemicals, USA) prepared in PBS 
(pH 7.4). Coloured reactions were developed by using 3-
Amino-9-ethylcarbazole (Sigma Chemicals) as staining 
substrate and counter staining performed with Gill’s 
haematoxylin (Sigma Chemicals). Negative and positive 
controls were used. Negative controls were treated with the 
diluents only. Reddish brown to yellowish brown staining 
in the cytoplasm of the neoplastic cell was considered 

positive immunostaining for α-SMA, vimentin, PCK, 
COX-2 while brick red or reddish brown nuclear staining 
in the neoplastic cells was considered as positive for PCNA 
and Ki67.  Scoring of PCNA immunostaining was done 
according to the method described by Kumaraguruparan et 
al. (2006) based upon percentage of PCNA positive cells 
i.e. 0 for <5%, 1 for 5-25%, 2 for 26-50%, 3 for 51-75% and 4 
for >75% positive cells. Scoring of Ki67 immunostaining 
was done according to Zuccari et al. (2004) based upon 
percentage of Ki67 positive cells i.e. 0 for no staining, 1 for 
<10%, 2 for 10-50% and 3 for >50% positive cells. Scoring 
for COX-2 immunostaining was done according to Heller 
et al. (2005) with slight modifications based upon 
percentage of COX-2 positive cells i.e. 0 for 0%, 1 for <10%, 
2 for 10-30%, 3 for 31-60% and 4 for >61%. Presence of 
cytoplasmic immunoreactivity for PCK, vimentin and α-
SMA in neoplastic cells regardless of the staining intensity 
was considered as positive.

 A case of leiomyosarcoma was diagnosed in 5 years 
old male Labrador dog. Grossly, it revealed an irregularly 
oval and ulcerated growth of approximately 4 cm in 
diameter at the shoulder level. It was soft in consistency 

Fig. 1 to 6. 1. Leiomyosarcoma: Interlacing fascicles 
of muscle fibres with diminished cytoplasm and densely 
packed elongated nuclei. H& E×200; 2. Leiomyosarcoma: 
Higher magnification showing single to multiple 
prominent nucleoli and numerous mitotic figures 
(arrows). H&E×1000; 3. Leiomyosarcoma: Red 
colour stained interlacing fascicles of muscle fibres. 
Masson’s trichrome staining×400; 4. Leiomyosarcoma: 
Multiple black coloured AgNOR dots in nucleoplasm 
of spindle shaped cells (arrows). AgNOR ×1000; 5. 
Leiomyosarcoma: Mild to moderate cytoplasmic 
immunoreactivity for α-SMA fascicles of muscle 
fibres. IHC×400; 6. Leiomyosarcoma: Proliferating 
spindle shaped cells exhibiting mild (arrow heads) to 
intense (arrows) nuclear immunostaining for PCNA. 
IHC×400
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and cut surface appeared pale to pink. Histologically, it 
was characterized by the presence of interlacing fascicles 
of muscle fibres with diminished cytoplasm and densely 
packed elongated nuclei (Fig. 1). Few nuclei were cigar 
shaped. Neoplastic cells revealed single to multiple 
prominent nucleoli and numerous mitotic figures (Fig. 2). 
Duplicate sections stained with Masson’s trichrome 
exhibited red colour stained interlacing fascicles of muscle 
fibres (Fig. 3). These findings are in corroboration with 
that described by Meuten (2017). Multiple black coloured 
AgNOR dots were observed in the nucleoplasm of spindle 
shaped cells (Fig. 4). Average mitotic and AgNOR counts 
were 12.0/hpf and 3.44/nucleus, respectively. Mild to 
moderate immunoreactivity of vimentin indicated 
mesenchymal origin of this tumour. Spindle shaped neoplastic 
cells revealed diffused cytoplasmic immunoreactivity of 
SMA (Fig. 5). Mild to intense nuclear immunostaining for 
PCNA was observed in proliferating cells (Fig. 6) with 75% 
as PCNA index and PCNA score of 3. Brick red coloured 
Ki67 nuclear immunoreactivity was noticed in 
proliferating cells (Fig.7) with 4.1% Ki67 index and 1 as 
Ki67 score. Red coloured COX-2 immunore-activity was 
noticed in the cytoplasm of spindle shaped cells (Fig. 8) 
with 36.5% immunoreactive cells for COX-2. It was 
designated as COX-2 score of 3.

 High mitotic count and AgNOR in this case 
indicated aggressiveness of the tumour. This is in 
agreement with Romansik et al. (2007) who reported that it 
is higher in malignant tumours than benign ones. This 
tumour showed positive cytoplasmic immunoreactivity 
for α-SMA and it indicated the smooth muscle origin of 
tumour. Positive immunoreactivity for vimentin and 
negative for PCK in neoplastic cells in present case 
indicated the mesenchymal origin of neoplastic cells. 
Similarly, Albertus et al. (2018) observed reaction of SMA 
and vimentin in urethral leiomyosarcoma. PCNA and Ki67 
are the most common biomarkers which are used to 
evaluate cellular proliferation rate and analyzing the 
aggressiveness of a tumour for determining the prognosis 
of the tumour (Ozaki et al., 2007 and Meuten, 2017). The 
strong positive immunoreactivity of PCNA in present 
study was similar to the findings of Leil et al. (2018) 
indicating the higher proliferating capacity of the tumour. 
However, the Ki67 index was 4.1% only. This may be 
attributed to short half life of Ki67 (Zuccari et al., 2004). 
As COX-2 is an induced response to inflammatory stimuli 
and it has been involved in the genesis of numerous 

cancers (Spugnini et al., 2005). COX-2 immunoreactivity 
observed in the spindle shaped cells in this case indicated 
the progression towards high malignancy. It may be 
concluded that along with routine histopathological 
examination, the estimation of mitotic index, AgNOR 
count and immunohistochemical expression of various 
tumour markers aids in determining the origin, biological 
behaviour of the tumour and hence appropriate diagnosis 
and prognosis of tumours.
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Fig. 7-8. 7. Leiomyosarcoma: Brick red Ki67 nuclear immunoreactivity in proliferating cells and enlarged view 
of Ki67 immunopositive cigar shaped nuclei (inset). IHC×200; 8. Leiomyosarcoma: COX-2 immunoreactivity 
in cytoplasm of spindle shaped cells. IHC×400
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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 The estrus synchronizathod that synchronizes 
ovulations is named briefly as “Ovsynch” (Pursley et al., 
1995). The study was aimed to evaluate the efficacy of 
different methods of estrus synchronisation protocols in 
crossbred postpartum cows.
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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with 3% hydrogen peroxide (prepared in absolute 
methanol) for 15 min. The blocking of non-specific sites 
was done by 5% normal goat serum (Sigma Chemicals) 
prepared in phosphate buffered saline (PBS, pH 7.4) for 30 
minutes. For different markers, immunostaining was done 
as per manufacturer’s instructions with slight modifications. 
Primary mouse monoclonal antibodies i.e. anti- α SMA 
(clone 4A4, Novus biological), anti-pancytokeratin (clone 
PCK-26, Sigma), anti-vimentin (clone V9, Sigma), anti-
PCNA (clone PC10, Sigma) were used at 1:400, 1:100, 
1:400 and 1:400 dilutions, respectively. Primary rabbit 
monoclonal antibodies viz. anti-Ki67 (SP6) and anti-
COX-2 (SP21) were used at dilutions of 1:25 and 1:50, 
respectively. Dilutions were prepared in 1% bovine serum 
albumin (BSA, Sigma Chemicals, USA) prepared in PBS 
(pH 7.4). Coloured reactions were developed by using 3-
Amino-9-ethylcarbazole (Sigma Chemicals) as staining 
substrate and counter staining performed with Gill’s 
haematoxylin (Sigma Chemicals). Negative and positive 
controls were used. Negative controls were treated with the 
diluents only. Reddish brown to yellowish brown staining 
in the cytoplasm of the neoplastic cell was considered 

positive immunostaining for α-SMA, vimentin, PCK, 
COX-2 while brick red or reddish brown nuclear staining 
in the neoplastic cells was considered as positive for PCNA 
and Ki67.  Scoring of PCNA immunostaining was done 
according to the method described by Kumaraguruparan et 
al. (2006) based upon percentage of PCNA positive cells 
i.e. 0 for <5%, 1 for 5-25%, 2 for 26-50%, 3 for 51-75% and 4 
for >75% positive cells. Scoring of Ki67 immunostaining 
was done according to Zuccari et al. (2004) based upon 
percentage of Ki67 positive cells i.e. 0 for no staining, 1 for 
<10%, 2 for 10-50% and 3 for >50% positive cells. Scoring 
for COX-2 immunostaining was done according to Heller 
et al. (2005) with slight modifications based upon 
percentage of COX-2 positive cells i.e. 0 for 0%, 1 for <10%, 
2 for 10-30%, 3 for 31-60% and 4 for >61%. Presence of 
cytoplasmic immunoreactivity for PCK, vimentin and α-
SMA in neoplastic cells regardless of the staining intensity 
was considered as positive.

 A case of leiomyosarcoma was diagnosed in 5 years 
old male Labrador dog. Grossly, it revealed an irregularly 
oval and ulcerated growth of approximately 4 cm in 
diameter at the shoulder level. It was soft in consistency 

Fig. 1 to 6. 1. Leiomyosarcoma: Interlacing fascicles 
of muscle fibres with diminished cytoplasm and densely 
packed elongated nuclei. H& E×200; 2. Leiomyosarcoma: 
Higher magnification showing single to multiple 
prominent nucleoli and numerous mitotic figures 
(arrows). H&E×1000; 3. Leiomyosarcoma: Red 
colour stained interlacing fascicles of muscle fibres. 
Masson’s trichrome staining×400; 4. Leiomyosarcoma: 
Multiple black coloured AgNOR dots in nucleoplasm 
of spindle shaped cells (arrows). AgNOR ×1000; 5. 
Leiomyosarcoma: Mild to moderate cytoplasmic 
immunoreactivity for α-SMA fascicles of muscle 
fibres. IHC×400; 6. Leiomyosarcoma: Proliferating 
spindle shaped cells exhibiting mild (arrow heads) to 
intense (arrows) nuclear immunostaining for PCNA. 
IHC×400
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and cut surface appeared pale to pink. Histologically, it 
was characterized by the presence of interlacing fascicles 
of muscle fibres with diminished cytoplasm and densely 
packed elongated nuclei (Fig. 1). Few nuclei were cigar 
shaped. Neoplastic cells revealed single to multiple 
prominent nucleoli and numerous mitotic figures (Fig. 2). 
Duplicate sections stained with Masson’s trichrome 
exhibited red colour stained interlacing fascicles of muscle 
fibres (Fig. 3). These findings are in corroboration with 
that described by Meuten (2017). Multiple black coloured 
AgNOR dots were observed in the nucleoplasm of spindle 
shaped cells (Fig. 4). Average mitotic and AgNOR counts 
were 12.0/hpf and 3.44/nucleus, respectively. Mild to 
moderate immunoreactivity of vimentin indicated 
mesenchymal origin of this tumour. Spindle shaped neoplastic 
cells revealed diffused cytoplasmic immunoreactivity of 
SMA (Fig. 5). Mild to intense nuclear immunostaining for 
PCNA was observed in proliferating cells (Fig. 6) with 75% 
as PCNA index and PCNA score of 3. Brick red coloured 
Ki67 nuclear immunoreactivity was noticed in 
proliferating cells (Fig.7) with 4.1% Ki67 index and 1 as 
Ki67 score. Red coloured COX-2 immunore-activity was 
noticed in the cytoplasm of spindle shaped cells (Fig. 8) 
with 36.5% immunoreactive cells for COX-2. It was 
designated as COX-2 score of 3.

 High mitotic count and AgNOR in this case 
indicated aggressiveness of the tumour. This is in 
agreement with Romansik et al. (2007) who reported that it 
is higher in malignant tumours than benign ones. This 
tumour showed positive cytoplasmic immunoreactivity 
for α-SMA and it indicated the smooth muscle origin of 
tumour. Positive immunoreactivity for vimentin and 
negative for PCK in neoplastic cells in present case 
indicated the mesenchymal origin of neoplastic cells. 
Similarly, Albertus et al. (2018) observed reaction of SMA 
and vimentin in urethral leiomyosarcoma. PCNA and Ki67 
are the most common biomarkers which are used to 
evaluate cellular proliferation rate and analyzing the 
aggressiveness of a tumour for determining the prognosis 
of the tumour (Ozaki et al., 2007 and Meuten, 2017). The 
strong positive immunoreactivity of PCNA in present 
study was similar to the findings of Leil et al. (2018) 
indicating the higher proliferating capacity of the tumour. 
However, the Ki67 index was 4.1% only. This may be 
attributed to short half life of Ki67 (Zuccari et al., 2004). 
As COX-2 is an induced response to inflammatory stimuli 
and it has been involved in the genesis of numerous 

cancers (Spugnini et al., 2005). COX-2 immunoreactivity 
observed in the spindle shaped cells in this case indicated 
the progression towards high malignancy. It may be 
concluded that along with routine histopathological 
examination, the estimation of mitotic index, AgNOR 
count and immunohistochemical expression of various 
tumour markers aids in determining the origin, biological 
behaviour of the tumour and hence appropriate diagnosis 
and prognosis of tumours.
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Fig 2: Transmission electron photomicrograph of monocyte of dog 
showing heterochromatin (a), euchromatin (b), cytoplasmic process (c), 
 Vacuole and nuclear membrane.
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Fig. 1. Histogram depicting frequency distribution of animal
right score of respondents
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Research Article

 The estrus synchronizathod that synchronizes 
ovulations is named briefly as “Ovsynch” (Pursley et al., 
1995). The study was aimed to evaluate the efficacy of 
different methods of estrus synchronisation protocols in 
crossbred postpartum cows.

MATERIAL AND METHODS
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Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
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