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which could be utilized for better whelping management.
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 The part of the digestive tube helpful for the 
transport of ingesta from the pharynx to the rumen and 
helping in regurgitation in ruminants is the oesophagus. 
The microarchitecture of the oesophageal layers shows 
variability among species. The variation can be attributed 
to the differences in their food habits. The histological 
structure of the oesophagus in the following species is 
studied in detail i.e., buffalo calf (Gupta and Sharma, 
1991), goat (Islam et al., 2005; Kumar et al., 2009), Gaddi 
sheep (Malik et al., 2018), one-humped camel (Naghani 
and Andi, 2012) local Iraqi dog (Dawood et al., 2022), 
local Indian dog (Botlagunta and Soumya, 2023). The 
paucity of information on the morphometrical, histological 
and histochemical characteristics of the oesophagus in 
Nellore sheep lead to this study.

MATERIALS AND METHODS

 The oesophagus of eight adult Nellore sheep of each 
sex was collected from the slaughterhouse in Tirupati. The 
tissue samples were collected from the pharyngeal-
oesophageal junction, mid-cervical, mid-thoracic and 
cardia part (oesophagus-rumen junction) of each 
oesophagus. Tissue specimens from different regions of 
the oesophagus were fixed in 10% neutral buffered 
formalin. The tissues were dehydrated, cleared and 

paraffin-embedded and sections 5  thick were cut using a 

microtome (Leica RM2125RTS) (Luna, 1968). The 
routine histological aspects were studied by haematoxylin 
and eosin staining protocol. Other stains used were 

Masson’s trichrome stain, Gridley’s stain and Verhoeff’s 
stain for the detection of collagen fibres, reticular fibres 
and elastic fibres respectively. For histochemical studies, 
the sections were stained by PAS (Periodic Acid Schiff) 
stain and Alcian blue for the detection of the presence of 
carbohydrates and acid mucopolysaccharides respectively 
(Bancroft and Gamble, 2008). The thickness of various 
layers of the oesophagus at different regions was measured 
by inbuilt software with a micapsproseries 1080 HDMI 
camera. The micrometrical data obtained wasanalysed 
statistically using Microsoft excel and the results were 
expressed as means and standard error of the mean.

RESULTS AND DISCUSSION

 The average total length of the oesophagus in 
Nellore sheep was 47.3cm (43.9-53.6). Islam et al. (2008) 
reported that the oesophagus was 45-50 cm long in black 
Bengal goats. Whereas the total mean thickness of the goat 
oesophagus was 487.1 µm and that of European roe deer 
was 328.4 µm (Sokolowska et al., 2021). The oesophagus 
of the Nellore sheep consisted of lamina mucosa, lamina 
submucosa, lamina muscularis and lamina serosa/ 
adventitia (Fig. 1). Eurell and Frappier (2006) recognized three 
separate layers in lamina mucosa i.e., an innermost 
epithelium, middle connective tissue lamina propria and 
muscularis mucosae made of smooth muscle bundles.

 The total thickness of mucosa was more in the 
thoracic region as compared to the cervical, pharynx-
oesophageal and cardia regions of the oesophagus. The 
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trus 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 sync
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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by Kumar et al. (2009) in goats. The sub-epithelial connective 
tissue hasa dense arrangement of collagen fibres as compared 
to the layers below (Fig. 3). The lamina muscularis mucosa 
was absent in the pharynx-oesophageal junction (Fig. 4), 
later started as smooth muscle bundles scattered and 
formed as continuous layers further down the oesophagus. 
The cervical oesophagus showed a continuous layer of 
longitudinally arranged smooth muscle cells (Fig. 5). 
There is a gradual increase in thethickness of lamina 
propria and lamina muscularis mucosa from the cervical to 
the cardia portions of the oesophagus (Table 1) like the 
findings of Malik et al. (2018) in the oesophagus of Gaddi 
sheep. Islam et al. (2005) reported that the thickness of 
lamina muscularis mucosae was in the range of 25-36 µm 
in the cranial cervical region and 214-259 µm in the caudal 
thoracic region of Bengal goat. Jamdar and Ema (1982) 
reported that the lamina muscularis mucosa is represented 
by a few, slender, scattered smooth muscle strands deeply 
located beneath the submucosal glands, identifiable only 
in the caudal part of the oesophagus in camel.

 The submucosal layer showed loose connective 
tissue with abundant collagen (Figs. 4, 6) and reticular 
fibres (Fig. 5), outer zone of adipose tissue, dilated veins, 
muscular arteries (Fig. 6) whose inner elastic membrane 
was well defined and stained black by Verhoef’s stain (Fig. 
7). The submucosal glands were lacking in all regions of 
oesophagus under this study, in concurrence with findings 
of Malik et al. (2018) in the oesophagus of Gaddi sheep. 
But, Eurell and Frappier (2006) reported the glands of mixed 
acini and demilunes were present in the pharyngoesophageal 
junction of ruminants and Banks (1993) claimed that the 
tubule alveolar mucous glands were present in the cervical 
portion of oesophagus in ruminants, horse and cat. In the 
goat, the submucosal glands were present in the cranial 
cervical region (Islam et al., 2005; Kumar et al., 2009). In 

thickness of the epithelium was more in the thoracic region 
(536.8±28.15 µm) of the oesophagus compared to that of 
the cervical (370.48±17.23 µm) and cardia regions 
(371.47±8.84 µm) (Table 1). These findings were in 
congruence with Kumar et al. (2009) in goats and 
Botlagunta and Soumya (2023) in local Indian dog, 
respectively. Islam et al. (2005) reported that the mean 
thickness of tunica mucosa was 246.33 µm in the cranial 
cervical region and 589.83 µm in the distal oesophageal 
region in black Bengal goats.

 The lamina mucosa consisted of stratified squamous 
keratinised epithelial liningin pharynx-oesophageal, 
cervical, thoracic and cardia regions of the oesophagus. 
The epithelium is comprised of stratumbasale, stratum 
spinosum,stratum granulosum and stratum corneum with a 
variable number of cell layers. The stratum spinosum had 
five to six layers of polygonal cells, with acentrally located 
round nucleus. The stratum granulosum was represented 
by a layer of cells that contained basophilic keratohyalin 
granules. In the stratum corneum the cell becomes flattened 
towards the luminal side with nuclei condensed. The cells 
of the corneum layer become Pyknotic towards the luminal 
side (Fig. 2). The basal border of the epithelium was not 
regular because of the encroachment of the lamina propria 
(Figs. 2, 3). According to Eurell and Frappier (2006), the 
epithelium of the oesophagus in carnivores is non-
keratinized, in pig epithelium is mildly keratinised and 
more keratinised in ruminants. But, Islam et al. (2005) 
reported non-keratinized epithelium in the oesophagus of 
Black Bengal goats.

 The lamina propria mucosae is a loose connective 
tissue which consisted of connective tissue cells, dense 
collagen fibres (Fig. 3), reticular fibres (Fig. 5) few elastic 
fibres and blood vessels mostly distributed towards the 
lamina muscularis mucosae. Similar findings were reported 

Table 1. The measurements of the thickness of various layers of the oesophagus at different regions. S.E: Standard error

  Pharyngo- Cervical Thoracic Cardia
  oesophageal (mean±S.E) (mean±S.E) (mean±S.E)
  (mean±S.E) µm µm µm µm

Tunica mucosa Epithelium 484.61±16.15 370.48±17.23 536.8±28.15 371.47±8.84

 Lamina propria 1716.6±17.15 59.27±2.30 67.328±2.17 90.40±2.73

 Muscularis mucosa (Propria 66.02±1.70 69.572±3.19 74.31±3.4
  Submucosa)

Tunica Submucosa   308.86±24.82 605.0±16.36 826.41±9.46

Tunica Muscularis (Inner layer)  759.61±34.49 485.67±39.83 720.267±19.53 1041.54±9.45

Tunica Muscularis (Outer layer)  385.42±29.24 426.86± 25.4 608.73±11.85 867.66±13.65

Tunica Adventitia/Serosa  212.70±14.38 146.92±6.043 163.08±8.04 148.84±5.19

Total Mucosa   495.77±16.67 668.68±29.98 531.77±10.33

Total Muscular Layer  1145.04±52.9 912.53±35.37 1329.18±26.03 1825.5±34.5
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one-humped camel, more submucosal glands were present 
throughout the length of the oesophagus (Naghani and 
Andi, 2012).

 The tunica muscularis layer becomes thickened 
from the cervical region (912.53±35.37 µm) to the cardia 
(1825.5±34.5 µm), but that of the pharynx-oesophageal 
region (1145.04±52.9 µm) was more than that of the 
cervical region (Table 1). Whereas Islam et al. (2005) 
recorded the highest thickness of muscularis at the cranial 
cervical region and thinnest region in caudal oesophageal 

regions of black Bengal goat. The tunica muscularis 
consisted of two layers of skeletal muscles i.e., inner 
circularly oriented and outer longitudinally oriented 
muscle fibres which are entirely skeletal along the length 
of the oesophagus (Figs. 1, 5) which might allow 
regurgitation to chew the cud. In between the muscle layers 
connective tissue was observed which consisted of 
Auerbach’s plexus with prominent nerve cell bodies (Fig. 
8). The muscle bundles were separated by rich collagen 
(Fig. 4) and reticular fibre (Fig. 5) bundles. In the outer 

Fig. 1-10. (1) Cross section of thoracic oesophagus showing Lumen (L), the epithelium (EP), Lamina 
propria (LP), lamina muscularis mucosa (LM), submucosa (SM), inner circular(M1), Outer 
Longitudinal(M2) and serosa layers (SE). H&E 40X; (2) Layers of epithelium showing stratum basale 
(SB), stratum spinosum (SSP), stratum granulosum (SG), and stratum corneum (SC).  H&E stain 400X; 
(3) Cervical oesophagus Showing extension of collagen fibres (arrow) into the basal layer of epithelium 
(EP), Lamina propria (LP) rich in collagen fibres and elastic fibres in the blood vessel (arrowhead), 
lamina muscularis mucosa (LM) and submucosa (SM). Verhoef’s stain  400X; (4) Cross-section of 
pharynx -oesophagal region showing propria submucosa (PSM) due to lack of muscularis mucosae, 
presence of blood vessel (BV), adipose tissue (F), single small smooth muscle strand (arrow), inner 
circular muscle layer (M1), Outer Longitudinal muscular layer (M2). Verhoef’s stain 100X; (5) Cross 
section of cervical oesophagus showing reticular fibre distribution in lamina propria (LP), submucosa 
(SM), around the blood vessels and adipose tissue (F) and in between the inner circular (M1) and Outer 

Longitudinal (M2) layers (red arrow). LM: lamina muscularis mucosae.  Gridley’s stain 100X; (6) Photograph showing the submucosal region of the 
oesophagus at pharynx- oesophageal region with abundant collagen fibres (CF), adipose tissue (F) and blood vessels (BV). Masson’s trichrome stain 100X; 
(7) Showing the submucosal (SM) region of the oesophagus at cardia showing elastic fibres present in the blood vessels as well as in connective tissue 
(arrow).M1:Inner longitudinal muscle layer, F:Adipose tissue. Verhoeff’s stain 400X; (8) Ganglionic cells (Arrow) present in the Auerbach plexus present 
between the two skeletal muscle layers of the cervical oesophagus. H&E 400X; (9) Stratum corneum of the stratified epithelium of the oesophagus showed a 
strong periodic acid-Schiff reaction (thoracic region). 100X; (10) Upper layers of stratum spinosum of the epithelium showing blue colour (white arrow) in 
reaction to alcian blue (cervical region). 100X
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trus 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 sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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by Kumar et al. (2009) in goats. The sub-epithelial connective 
tissue hasa dense arrangement of collagen fibres as compared 
to the layers below (Fig. 3). The lamina muscularis mucosa 
was absent in the pharynx-oesophageal junction (Fig. 4), 
later started as smooth muscle bundles scattered and 
formed as continuous layers further down the oesophagus. 
The cervical oesophagus showed a continuous layer of 
longitudinally arranged smooth muscle cells (Fig. 5). 
There is a gradual increase in thethickness of lamina 
propria and lamina muscularis mucosa from the cervical to 
the cardia portions of the oesophagus (Table 1) like the 
findings of Malik et al. (2018) in the oesophagus of Gaddi 
sheep. Islam et al. (2005) reported that the thickness of 
lamina muscularis mucosae was in the range of 25-36 µm 
in the cranial cervical region and 214-259 µm in the caudal 
thoracic region of Bengal goat. Jamdar and Ema (1982) 
reported that the lamina muscularis mucosa is represented 
by a few, slender, scattered smooth muscle strands deeply 
located beneath the submucosal glands, identifiable only 
in the caudal part of the oesophagus in camel.

 The submucosal layer showed loose connective 
tissue with abundant collagen (Figs. 4, 6) and reticular 
fibres (Fig. 5), outer zone of adipose tissue, dilated veins, 
muscular arteries (Fig. 6) whose inner elastic membrane 
was well defined and stained black by Verhoef’s stain (Fig. 
7). The submucosal glands were lacking in all regions of 
oesophagus under this study, in concurrence with findings 
of Malik et al. (2018) in the oesophagus of Gaddi sheep. 
But, Eurell and Frappier (2006) reported the glands of mixed 
acini and demilunes were present in the pharyngoesophageal 
junction of ruminants and Banks (1993) claimed that the 
tubule alveolar mucous glands were present in the cervical 
portion of oesophagus in ruminants, horse and cat. In the 
goat, the submucosal glands were present in the cranial 
cervical region (Islam et al., 2005; Kumar et al., 2009). In 

thickness of the epithelium was more in the thoracic region 
(536.8±28.15 µm) of the oesophagus compared to that of 
the cervical (370.48±17.23 µm) and cardia regions 
(371.47±8.84 µm) (Table 1). These findings were in 
congruence with Kumar et al. (2009) in goats and 
Botlagunta and Soumya (2023) in local Indian dog, 
respectively. Islam et al. (2005) reported that the mean 
thickness of tunica mucosa was 246.33 µm in the cranial 
cervical region and 589.83 µm in the distal oesophageal 
region in black Bengal goats.

 The lamina mucosa consisted of stratified squamous 
keratinised epithelial liningin pharynx-oesophageal, 
cervical, thoracic and cardia regions of the oesophagus. 
The epithelium is comprised of stratumbasale, stratum 
spinosum,stratum granulosum and stratum corneum with a 
variable number of cell layers. The stratum spinosum had 
five to six layers of polygonal cells, with acentrally located 
round nucleus. The stratum granulosum was represented 
by a layer of cells that contained basophilic keratohyalin 
granules. In the stratum corneum the cell becomes flattened 
towards the luminal side with nuclei condensed. The cells 
of the corneum layer become Pyknotic towards the luminal 
side (Fig. 2). The basal border of the epithelium was not 
regular because of the encroachment of the lamina propria 
(Figs. 2, 3). According to Eurell and Frappier (2006), the 
epithelium of the oesophagus in carnivores is non-
keratinized, in pig epithelium is mildly keratinised and 
more keratinised in ruminants. But, Islam et al. (2005) 
reported non-keratinized epithelium in the oesophagus of 
Black Bengal goats.

 The lamina propria mucosae is a loose connective 
tissue which consisted of connective tissue cells, dense 
collagen fibres (Fig. 3), reticular fibres (Fig. 5) few elastic 
fibres and blood vessels mostly distributed towards the 
lamina muscularis mucosae. Similar findings were reported 

Table 1. The measurements of the thickness of various layers of the oesophagus at different regions. S.E: Standard error

  Pharyngo- Cervical Thoracic Cardia
  oesophageal (mean±S.E) (mean±S.E) (mean±S.E)
  (mean±S.E) µm µm µm µm

Tunica mucosa Epithelium 484.61±16.15 370.48±17.23 536.8±28.15 371.47±8.84

 Lamina propria 1716.6±17.15 59.27±2.30 67.328±2.17 90.40±2.73

 Muscularis mucosa (Propria 66.02±1.70 69.572±3.19 74.31±3.4
  Submucosa)

Tunica Submucosa   308.86±24.82 605.0±16.36 826.41±9.46

Tunica Muscularis (Inner layer)  759.61±34.49 485.67±39.83 720.267±19.53 1041.54±9.45

Tunica Muscularis (Outer layer)  385.42±29.24 426.86± 25.4 608.73±11.85 867.66±13.65

Tunica Adventitia/Serosa  212.70±14.38 146.92±6.043 163.08±8.04 148.84±5.19

Total Mucosa   495.77±16.67 668.68±29.98 531.77±10.33

Total Muscular Layer  1145.04±52.9 912.53±35.37 1329.18±26.03 1825.5±34.5
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one-humped camel, more submucosal glands were present 
throughout the length of the oesophagus (Naghani and 
Andi, 2012).

 The tunica muscularis layer becomes thickened 
from the cervical region (912.53±35.37 µm) to the cardia 
(1825.5±34.5 µm), but that of the pharynx-oesophageal 
region (1145.04±52.9 µm) was more than that of the 
cervical region (Table 1). Whereas Islam et al. (2005) 
recorded the highest thickness of muscularis at the cranial 
cervical region and thinnest region in caudal oesophageal 

regions of black Bengal goat. The tunica muscularis 
consisted of two layers of skeletal muscles i.e., inner 
circularly oriented and outer longitudinally oriented 
muscle fibres which are entirely skeletal along the length 
of the oesophagus (Figs. 1, 5) which might allow 
regurgitation to chew the cud. In between the muscle layers 
connective tissue was observed which consisted of 
Auerbach’s plexus with prominent nerve cell bodies (Fig. 
8). The muscle bundles were separated by rich collagen 
(Fig. 4) and reticular fibre (Fig. 5) bundles. In the outer 

Fig. 1-10. (1) Cross section of thoracic oesophagus showing Lumen (L), the epithelium (EP), Lamina 
propria (LP), lamina muscularis mucosa (LM), submucosa (SM), inner circular(M1), Outer 
Longitudinal(M2) and serosa layers (SE). H&E 40X; (2) Layers of epithelium showing stratum basale 
(SB), stratum spinosum (SSP), stratum granulosum (SG), and stratum corneum (SC).  H&E stain 400X; 
(3) Cervical oesophagus Showing extension of collagen fibres (arrow) into the basal layer of epithelium 
(EP), Lamina propria (LP) rich in collagen fibres and elastic fibres in the blood vessel (arrowhead), 
lamina muscularis mucosa (LM) and submucosa (SM). Verhoef’s stain  400X; (4) Cross-section of 
pharynx -oesophagal region showing propria submucosa (PSM) due to lack of muscularis mucosae, 
presence of blood vessel (BV), adipose tissue (F), single small smooth muscle strand (arrow), inner 
circular muscle layer (M1), Outer Longitudinal muscular layer (M2). Verhoef’s stain 100X; (5) Cross 
section of cervical oesophagus showing reticular fibre distribution in lamina propria (LP), submucosa 
(SM), around the blood vessels and adipose tissue (F) and in between the inner circular (M1) and Outer 

Longitudinal (M2) layers (red arrow). LM: lamina muscularis mucosae.  Gridley’s stain 100X; (6) Photograph showing the submucosal region of the 
oesophagus at pharynx- oesophageal region with abundant collagen fibres (CF), adipose tissue (F) and blood vessels (BV). Masson’s trichrome stain 100X; 
(7) Showing the submucosal (SM) region of the oesophagus at cardia showing elastic fibres present in the blood vessels as well as in connective tissue 
(arrow).M1:Inner longitudinal muscle layer, F:Adipose tissue. Verhoeff’s stain 400X; (8) Ganglionic cells (Arrow) present in the Auerbach plexus present 
between the two skeletal muscle layers of the cervical oesophagus. H&E 400X; (9) Stratum corneum of the stratified epithelium of the oesophagus showed a 
strong periodic acid-Schiff reaction (thoracic region). 100X; (10) Upper layers of stratum spinosum of the epithelium showing blue colour (white arrow) in 
reaction to alcian blue (cervical region). 100X

2

2

2

2

2

2

2

2

2

1

4

7

2

5

8

3

6

9

210

Corresponding author: vetsirohi@rediffmail.com

trus 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 sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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longitudinal layers, some muscle bundles were darkly 
stained. At the cardia region, additional layers of obliquely 
oriented skeletal muscle bundles were observed. These 
findings were in accordance with Kumar et al. (2009) in 
goats and Gupta and Sharma (1991) in buffalo calves.

 The outermost covering ofthe pharynx-oesophageal 
and cervical region of the oesophagus was adventitia and 
the thoracic and cardia regions of the oesophagus were 
covered by serosa. The tunica adventitia consisted of loose 
connective tissue with rich blood vessels as was reported 
by Eurell and Frappier (2006).

 Stratum corneum of the stratified epithelium of the 
oesophagus showed a strong Periodic Acid-Schiff reaction 
indicating accumulation of glycogen (Fig. 9). The cells of 
stratum basale did not show PAS reaction. The superficial 
layers of stratum spinosum of the epithelium showed a 
strong reaction for PAS-alcian blue representing the 
presence of acidic mucopolysaccharides (Fig. 10).

CONCLUSION

 It was concluded that the esophagus in Nellore sheep 
consisted of stratified squamous cornified epithelium. The 
submucosal glands are absent in the entire length of the 
esophagus. The tunica muscularis consisted of skeletal 
muscles during the entire length to help in regurgitation.
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 Subclinical endometritic and non-specific infections 
are most common cause of repeat breeding syndrome in 
buffaloes. Clinical endometritis is defined as purulent 
vaginal discharge (21 days or more postpartum) or a muco-
purulent vaginal discharge (after 26 days postpartum). 
while subclinical endometritis is characterized by absence 
of muco-purulent or purulent vaginal discharge (Sheldon 
et al., 2006) of uterine origin. Subclinical endometritis is 
often undiagnosed (Dutt et al., 2017), hence remain 
untreated and results in subfertility. Transrectal and 
ultrasonographic examination of uterus are usually 
performed to diagnose the disease under field conditions 
(Barlund et al., 2008).

 The therapeutic regimen used to treat infected 
bovine uterus should effectively clear uterine infection 
without compromising its local immunity and adultering 
the milk or meat. Many therapeutic agents have been tried 
and tested in treatment of infected uterus (Singh et al., 
2018; Ahmadi et al., 2019). In view of development of 
antimibrobial resistance and various side effects with use 
of antibiotics; the levamisole may be used to substitute or 
supplement antibiotic therapeutics (Singh et al., 2017). In 
equines, the infection of uterus can be treated with 
physiological saline solution as uterine lavage. The uterine 
lavage results in removal of bacteria, non-functional 
neutrophils, hasten myometrial contractility which in turns 

causes evacuation of uterine content and influx of fresh 
neutrophils in uterine lumen (Brinsko et al., 2011). Thus, 
the present work was planned with the hypothesis that 
lavage of uterus along with administration of Levamisole 
or Cloprostenol parenterally, would cure subclinical 
endometritis and improve reproductive outcomes of such 
buffaloes. Thus, this study was carried out to assess 
aforesaid approaches on plasma proteins andtreatment 
outcomes in repeat breeder buffaloes with endometritis.

MATERIALS AND METHODS

 Referral cases presented at Veterinary Clinical 
Complex, C.V.Sc. & A.H, ANDUAT, Ayodhya, were 
screened for study following approval from ethical 
committee of university (No. IAEC/CVSc/2019/P-02).  
Based on animal breeding history and  records, trans-rectal 
palpation of genitalia and White side test, total 36 repeat 
breeder buffaloes were assigned in six groups, each 
comprised of 6 buffaloes viz. G0 (untreated control), 
G1:Uterine lavage (UL) with 300 ml NSS in divided doses, 
50 mL each time, as slow IU infusion), G2: Levamisole 
(LEV)@2.5 mg/kg body weight subcutaneously, three 
occasions i.e. 0, 7th and 14th day of the cycle; G3: 
Cloprostenol or CP @ 250 μg intramuscularly, on day-10 
of the cycle; G4:  (G1+G2 combined i.e. UL+LEV) and G5 
(G1+G3 combined i.e. UL+CP). Six repeat breeder buffaloes 
were served as untreated control. For biochemical analysis, 
6 ml of blood was collected via jugular vein puncture in 

ABSTRACT

 The study was aimed to assess comparative efficacy of uterine lavage, levamisole subcutaneously, PGF2α (Cloprostenol) intramuscularly 
and their combinations on biochemical parameters and treatment outcomes in buffaloes with endometritis. Total thirty-six repeat breeder buffaloes 
with endometritis were allocated as untreated control (G0, n=6), G1 (Uterine Lavage), G2 (Levamisole, s/c), G3 (Cloprostenol, i/m), G4 (Uterine 
Lavage+Levamisole, s/c) and G5 (Uterine Lavage + Cloprostenol, i/m), each group comprised of 6 animals. After treatment total protein, albumin 
and globulin concentration were increased significantly (p<0.05) in treated buffaloes. The highest clinical cure was recorded with uterine lavage plus 
levamisole (83.33%) and uterine lavage plus Cloprostenol (83.33%) treated buffaloes followed by G2 (66.67%) and G3 (66.67%), G1 (50.00%) and 
G0 (33.33%) group. The highest conception rates was in group G4 and G5 (66.67% each) followed by G2 and G3 (50% each), G1 (33.00%) and G0 
(16.67%). In conclusion, endometritic buffaloes can be treated using lavage of uterus lavage with physiological saline in combination with parenteral 
Levamisole or Cloprostenol.
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Haryana Vet. (September, 2023) 62(SI-2), 117-119

*Corresponding author: drrajesh25@gmail.com

UTERINE LAVAGE, LEVAMISOLE, CLOPROSTENOL AND ITS COMBINATIONS IMPROVE 
PLASMA PROTEINS AND FERTILITY OUTCOMES IN ENDOMETRITIC BUFFALOES

1 1NARENDRA SINGH, BHOOPENDRA SINGH  and RAJESH KUMAR *
Department of Veterinary Clinical Complex, R.R. College of Veterinary and Animal Science,

Deoli, Tonk, RAJUVAS, Rajasthan-304 804, India
1Department of Veterinary Gynaecology & Obstetrics, College of Veterinary Science and AH,

ANDUAT, Ayodhya-224 229 (UP), India

Received: 07.12.2022; Accepted: 28.02.2023

How to cite: Singh, N., Singh, B. and Kumar, R. (2023). Uterine lavage, levamisole, cloprostenol and its combinations improve 
plasma proteins and fertility outcomes in endometritic buffaloes. Haryana Vet. 62(SI-2): 117-119.

Research Article

Editors/Editorial Board Members are highly thankful to 
all the distinguished referees who helped us in the 
evaluation of articles. We request them to continue to 
extend their co-operation and be prompt in future to give 
their valuable comments on the articles for timely 
publication of the journal.

THE HARYANA VETERINARIAN

Corresponding author: vetsirohi@rediffmail.com

trus 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 sync

1 22

Fig. 1. Lateral view of ribs (13 numbers) of left side of adult female 
Bule bull (Boselaphus tragocamelus)
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

 It has been reported that the topical treatment of 
animals with herbal acaricidal formulations is safe and less 
toxic as compared to synthetic agents (Chen et al., 2019). 
In response to the insecticides residue problems, many 
researchers attempted to develop bioint, acaricidal, and 
larvicidal and which in particular acts against Rhipicephalus 
microplus (Martins, 2006). The main objective of the 
present study was to observe the effect of Citronella oil on 
tick infested cattle on the basis of improvement in 
haemato-biochemical attributes, management of clinical 
manifestations and reduction in tick count.al Dairy Farm 
for providing infrastructure and necessary facilities to 
conduct the research.
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