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increased the severity of uterine inflammation (Li et al., 

2010). Further, these changes adversely affected the life of 

spermatozoa during its transport through the uterus 

eventually resulting in fertilization failures as opined by 

Zhong and Zhou (2013). SOD activity decreased with 

increase in severity of uterine infection in the present study 

was in conformity with the investigation of Kaya et al. 

(2017) who reported that total antioxidant capacity 

decreased in endometritis affected animals and inferred 

that stress related enzymes could be used as biochemical 

markers for assessment of the severity of endometritis in 

bovines.

CONCLUSION

 Estimation of physical and analytical parameters of 
uterine discharge could be novel non-invasive method for 
diagnosis of degree of endometritis in buffaloes as 
Turbidi ty,  SG, ER, LE and catalase enzymes 
concentrations increases however SOD activity decreases 
with the severity of uterine infection.
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 Ultrasonography is emerging as a reliable, non-
invasive, safe and less expensive tool for pregnancy 
diagnosis in bitches during last decade (Khatti et al., 2017). 
Aside, pregnancy diagnosis, it also helps in detection of 
foetal viability, foetal abnormalities and uterine 
pathologies, prediction of adverse pregnancy outcomes 
and estimation of foetal growth. Embryonic structures and 
heartbeat can be detected at the earliest on day 17 and 18, 
respectively (Maronezi et al., 2021). The measurement of 
organs dimensions, body parts or gestational structures 
using ultrasound is known as echobiometry. In general, B-
mode ultrasonography is used to visualise the organ or 
structure and the callipers in-built are used to measure the 
organ. Nowadays, echobiometry is gaining much more 
importance in the field of obstetrics which aids in the 
diagnosis of restricted foetal growth and foetal abnormalities 
(Johnsen et al., 2008). Foeto-maternal structures like 
gestational sac, foetal head and body length are measured 
and found to have good correlation with the age of the 
foetus; parameters like inner chorionic cavity diameter and 
head diameter are also used for the prediction of 
gestational age in canine pregnancy (Yeager et al., 1992; 
Nyland and Mattoon, 2002). The echobiometry studies 
during mid-gestation is more accurate for the prediction of 
gestational ageand correction factors could be applied for 
bitches coming under extreme body weight categories 
(Kutzler et al., 2003). In the present study, the growth trend 

of foetal and gestational structures were measured and 
correlated with the gestational age to assess the foetal growth.

MATERIALS AND METHODS

 This study was conducted in 10 normal pregnant 
bitches under 6 years of age, body weight between 10-25 
kg, with normal haematology and biochemistry values and 
a history of at least one whelping with healthy litter presented 
to small animal gynaecology outpatient unit of Madras 
Veterinary College Teaching Hospital.

 The ultrasonographic scanning was performed for 
all the selected bitches without any sedation as per the 
standard technique by Nyland and Mattoon (2002). The 
ultrasound examinations were performed using Esaote 
Mylab Delta Vet scanner with a micro convex probe of 6 to 
10 MHz frequency. All the selected bitches were diagnosed 
as pregnant and requested to present between day 30 and 
35 after mating for echobiometry and the gestational age 
was confirmed by measuring gestational sac diameter/ 
inner chorionic cavity diameter. Urinary bladder was located 
as the landmark and gestational sac and foetus were visualised 
in the neighbourhood. Parameters including placental 
thickness (PT), occipito-frontal diameter (OFD), abdominal 
diameter (AD), heart diameter (HD), heart length (HL), liver 
width (LW) and limb bud thickness (LB) were recorded 
using the measuring callipers.

 The measurements were recorded at a fixed interval 
of 10 days till whelping in all the bitches. The accumulated 
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 Ultrasound measurement of foetal echobiometry with head and body measurement are commonly used to predict gestational age. In the 
present study, many more foetal structures measurements are taken to derive regression equations for determination of gestational age. Ten healthy 
normal bitches brought for pregnancy diagnosis aged between 2 and 6 years, already whelped once normally, 10 to 25 kg body weight with normal 
haematology and biochemistry values were utilized for this study. Serial echobiometric assessments using ultrasonography were performed on 10 
days interval from day 30-35 upto whelping. The echobiometric values of placental thickness (PT), abdominal diameter (AD), occipito-frontal 
diameter (OFD), heart diameter (HD), heart length (HL), liver diameter (LD) and limb bud thickness (LB) showed highly significant (P<0.001) 

2correlation with gestational age. The significant results obtained on regression study (P< 0.01) of placental thickness (r =98.4%), abdominal diameter 
2 2 2 2 2(r =98.6%), occipito-frontal diameter (r =97.4%), heart diameter (r =98.8%), heart length (r =98.7%), liver diameter (r =96.4%) and limb bud 

2thickness (r =98.5%) were utilized to derive regression equations for the prediction of the gestational age and assessment of foetal development in 
pregnant bitches. Based on the present study, it is inferred that more additional echobiometric parameters could be utilised to derive precise equations 
to arrive accurate gestational age in bitches.
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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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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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Table 1. Mean (+SE) values of echobiometric parameters and regression equation with gestational age in normal pregnancy

Parameter  Day 30-35  Day 40-45  Day 50-55  Day 60-65  Regression equation P value R2

PT 0.396±0.014 0.598±0.008 0.761±0.009 0.835±0.011 PT = 0.017 × GA – 0.16    <0.01 0.984**

AD 1.285±0.06 2.571±0.048 3.921±0.068 4.442±0.02 AD = 0.121 × GA – 2.772 <0.01 0.986**

OFD 1.097±0.048 1.811±0.063 2.744±0.064 3±0.045 OFD = 0.074 × GA – 1.408 <0.01 0.974**

HD 0.573±0.037 0.946±0.022 1.452±0.061 1.728±0.02 HD = 0.043 × GA – 0.894  <0.01 0.988**

HL 0.633±0.028 1.113±0.045 1.816±0.079 2.329±0.019 HL = 0.063 × GA – 1.58 <0.01 0.987**

LW 0.456±0.028 0.849±0.017 1.536±0.022 1.665±0.04 LW = 0.049 × GA – 1.208 <0.01 0.964**

LB 0.296±0.021 0.59±0.017 0.87±0.041 1.141±0.034 LB = 0.031 × GA – 0.776 <0.01 0.985**

**Correlation of determination have high level (P<0.01) of significance
(PT – Placental Thickness, AD – Abdomen Diameter, OFD – Occipito-Frontal Diameter, HD – Heart Diameter, HL – Heart Length, 
LW- Liver Width and LB – Limb Bud thickness)

Fig. 1. Foetal echobiometry in normal canine 
pregnancy

a) Gestational sac diameter b) Biparietal diameter c) Placental thickness

d) Abdomen diameter e) Occipito-frontal diameter f) Heart length and diameter

g) Liver width h) Limb bud thickness
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data was statistically analysed using SPSS version 20.0 
(IBM, USA) for Windows. Correlation analysis was 
performed to study the linear relationship between the 
parameters and gestational age of the foetus. Regression 
analysis was done to obtain the regression coefficient and 
to form the regression equation for the evaluation of foetal 
growth.

RESULTS AND DISCUSSION

 The foeto-maternal echobiometric parameters 
which included PT, OFD, AD, HD, HL, LW and LB obtained 
by serial ultrasonographic assessments from mid gestation 
to whelping were significantly correlated (P< 0.001) with 
the gestational age of the foetus (Table 1). The correlation 
matrix of each measurement revealed a linear relationship 
with the gestational age of the foetus (Table 2).

 Coefficient of determination derived for the 
2measurements of abdominal diameter (r =98.6%), heart 

2 2diameter (r =98.8%) and heart length (r =98.7%) were 
significantly higher (p<0.01) and regression equation 
formed could be applied to predict the gestational age of 
the foetus and evaluation of foetal growth. The results of 
echobiometry study of abdominal diameter was in 
agreement with observations of Miranda and Domingues 
(2010) who reported a high coefficient of determination 

2(p<0.01) for abdominal diameter (r =97%) with respect to 
gestational age. Coefficients of determination obtained in 
the present study were higher than the observations of 
Feliciano et al. (2015) who reported lower coefficient 

2values to the parameters abdominal diameter (r =86%), 
2 2heart diameter (r =79%) and heart length (r =79%) which 

might be due to the breed difference and wider body weight 
range of the bitches.

2 Occipito-frontal diameter (r =97.4%) was having 
very good correlation with the gestational age. The results 
obtained in this study are in concurrence with the 

observation of Miranda and Domingues (2010) who 
observed 99 per cent coefficient of determination. Placental 

2thickness (r =98.4%) was found to have significant 
correlation with gestational age and the results are in 
agreement with the observations of Maldonado et al. 
(2012) who reported astatistically significant positive 

2correlation (r =87%) between echobiometric measurement 
of placental thickness and gestational age. The results 
obtained in this study is in contrast to the observations of 
Feliciano et al. (2015) who reported a lower correlation 

2(r =37%) between placental thickness and gestational age 
and suggested that the parameter cannot be used for 
gestational age calculation. This variation could be due to 
the wider range of bodyweight of the bitches selected for 
the study and the high angle dependence of the parameter 
which demands measurement in a constant view of B mode 
ultrasonography.

2 In this study, liver diameter (r =96.4%) and limb bud 
2thickness (r =98.5%) were observed to have sufficiently 

high correlation with gestational age of the foetus. Hence, 
the regression equation formed could be used to predict the 
gestational age of the foetus as well as for the evaluation of 
foetal growth. However, on perusal of literature, there is no 
data available for comparison and this could be the first 
report.

 All the bitches included in this study delivered an 
average of 6 healthy pups from 61 to 65 days of gestation 
without any complication.

CONCLUSION

 Foeto-maternal echobiometric values of various 
parameters derived in the present study could supplement 
to the conventional small animal reproductive ultrasound 
examination. Echobiometry of foetus had precise significance 
with the different stages of canine pregnancies and proved 
as an accurate diagnostic tool to predict the gestational age 

Table 2. Correlation matrix for echobiometric parameters with gestational age in normal pregnancy

 DAY PT AD OFD HD HL LW LB

DAY 1 0.992*** 0.993*** 0.987*** 0.994*** 0.994*** 0.982*** 0.993***

PT 0.992*** 1 0.996*** 0.989*** 0.983*** 0.976*** 0.985*** 0.979***

AD 0.993*** 0.996*** 1 0.995*** 0.989*** 0.982*** 0.991*** 0.978***

OFD 0.987*** 0.989*** 0.995*** 1 0.992*** 0.983*** 0.988*** 0.979***

HD 0.994*** 0.983*** 0.989*** 0.992*** 1 0.997*** 0.981*** 0.991***

HL 0.994*** 0.976*** 0.982*** 0.983*** 0.997*** 1 0.973*** 0.993***

LW 0.982*** 0.985*** 0.991*** 0.988*** 0.981*** 0.973*** 1 0.961***

LB 0.993*** 0.979*** 0.978*** 0.979*** 0.991*** 0.993*** 0.961*** 1

*** Correlation coefficients have high level (P<0.001) of significance
(PT – Placental Thickness, AD – Abdomen Diameter, OFD – Occipito-Frontal Diameter, HD – Heart Diameter, HL – Heart Length, 
LW- Liver Width and LB – Limb Bud thickness)
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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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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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Table 1. Mean (+SE) values of echobiometric parameters and regression equation with gestational age in normal pregnancy

Parameter  Day 30-35  Day 40-45  Day 50-55  Day 60-65  Regression equation P value R2

PT 0.396±0.014 0.598±0.008 0.761±0.009 0.835±0.011 PT = 0.017 × GA – 0.16    <0.01 0.984**

AD 1.285±0.06 2.571±0.048 3.921±0.068 4.442±0.02 AD = 0.121 × GA – 2.772 <0.01 0.986**

OFD 1.097±0.048 1.811±0.063 2.744±0.064 3±0.045 OFD = 0.074 × GA – 1.408 <0.01 0.974**

HD 0.573±0.037 0.946±0.022 1.452±0.061 1.728±0.02 HD = 0.043 × GA – 0.894  <0.01 0.988**

HL 0.633±0.028 1.113±0.045 1.816±0.079 2.329±0.019 HL = 0.063 × GA – 1.58 <0.01 0.987**

LW 0.456±0.028 0.849±0.017 1.536±0.022 1.665±0.04 LW = 0.049 × GA – 1.208 <0.01 0.964**

LB 0.296±0.021 0.59±0.017 0.87±0.041 1.141±0.034 LB = 0.031 × GA – 0.776 <0.01 0.985**

**Correlation of determination have high level (P<0.01) of significance
(PT – Placental Thickness, AD – Abdomen Diameter, OFD – Occipito-Frontal Diameter, HD – Heart Diameter, HL – Heart Length, 
LW- Liver Width and LB – Limb Bud thickness)

Fig. 1. Foetal echobiometry in normal canine 
pregnancy

a) Gestational sac diameter b) Biparietal diameter c) Placental thickness

d) Abdomen diameter e) Occipito-frontal diameter f) Heart length and diameter

g) Liver width h) Limb bud thickness
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data was statistically analysed using SPSS version 20.0 
(IBM, USA) for Windows. Correlation analysis was 
performed to study the linear relationship between the 
parameters and gestational age of the foetus. Regression 
analysis was done to obtain the regression coefficient and 
to form the regression equation for the evaluation of foetal 
growth.

RESULTS AND DISCUSSION

 The foeto-maternal echobiometric parameters 
which included PT, OFD, AD, HD, HL, LW and LB obtained 
by serial ultrasonographic assessments from mid gestation 
to whelping were significantly correlated (P< 0.001) with 
the gestational age of the foetus (Table 1). The correlation 
matrix of each measurement revealed a linear relationship 
with the gestational age of the foetus (Table 2).

 Coefficient of determination derived for the 
2measurements of abdominal diameter (r =98.6%), heart 

2 2diameter (r =98.8%) and heart length (r =98.7%) were 
significantly higher (p<0.01) and regression equation 
formed could be applied to predict the gestational age of 
the foetus and evaluation of foetal growth. The results of 
echobiometry study of abdominal diameter was in 
agreement with observations of Miranda and Domingues 
(2010) who reported a high coefficient of determination 

2(p<0.01) for abdominal diameter (r =97%) with respect to 
gestational age. Coefficients of determination obtained in 
the present study were higher than the observations of 
Feliciano et al. (2015) who reported lower coefficient 

2values to the parameters abdominal diameter (r =86%), 
2 2heart diameter (r =79%) and heart length (r =79%) which 

might be due to the breed difference and wider body weight 
range of the bitches.

2 Occipito-frontal diameter (r =97.4%) was having 
very good correlation with the gestational age. The results 
obtained in this study are in concurrence with the 

observation of Miranda and Domingues (2010) who 
observed 99 per cent coefficient of determination. Placental 

2thickness (r =98.4%) was found to have significant 
correlation with gestational age and the results are in 
agreement with the observations of Maldonado et al. 
(2012) who reported astatistically significant positive 

2correlation (r =87%) between echobiometric measurement 
of placental thickness and gestational age. The results 
obtained in this study is in contrast to the observations of 
Feliciano et al. (2015) who reported a lower correlation 

2(r =37%) between placental thickness and gestational age 
and suggested that the parameter cannot be used for 
gestational age calculation. This variation could be due to 
the wider range of bodyweight of the bitches selected for 
the study and the high angle dependence of the parameter 
which demands measurement in a constant view of B mode 
ultrasonography.

2 In this study, liver diameter (r =96.4%) and limb bud 
2thickness (r =98.5%) were observed to have sufficiently 

high correlation with gestational age of the foetus. Hence, 
the regression equation formed could be used to predict the 
gestational age of the foetus as well as for the evaluation of 
foetal growth. However, on perusal of literature, there is no 
data available for comparison and this could be the first 
report.

 All the bitches included in this study delivered an 
average of 6 healthy pups from 61 to 65 days of gestation 
without any complication.

CONCLUSION

 Foeto-maternal echobiometric values of various 
parameters derived in the present study could supplement 
to the conventional small animal reproductive ultrasound 
examination. Echobiometry of foetus had precise significance 
with the different stages of canine pregnancies and proved 
as an accurate diagnostic tool to predict the gestational age 

Table 2. Correlation matrix for echobiometric parameters with gestational age in normal pregnancy

 DAY PT AD OFD HD HL LW LB

DAY 1 0.992*** 0.993*** 0.987*** 0.994*** 0.994*** 0.982*** 0.993***

PT 0.992*** 1 0.996*** 0.989*** 0.983*** 0.976*** 0.985*** 0.979***

AD 0.993*** 0.996*** 1 0.995*** 0.989*** 0.982*** 0.991*** 0.978***

OFD 0.987*** 0.989*** 0.995*** 1 0.992*** 0.983*** 0.988*** 0.979***

HD 0.994*** 0.983*** 0.989*** 0.992*** 1 0.997*** 0.981*** 0.991***

HL 0.994*** 0.976*** 0.982*** 0.983*** 0.997*** 1 0.973*** 0.993***

LW 0.982*** 0.985*** 0.991*** 0.988*** 0.981*** 0.973*** 1 0.961***

LB 0.993*** 0.979*** 0.978*** 0.979*** 0.991*** 0.993*** 0.961*** 1

*** Correlation coefficients have high level (P<0.001) of significance
(PT – Placental Thickness, AD – Abdomen Diameter, OFD – Occipito-Frontal Diameter, HD – Heart Diameter, HL – Heart Length, 
LW- Liver Width and LB – Limb Bud thickness)
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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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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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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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 The study on the histoarchitectural, morphometrical and histochemical characteristics of the oesophagus was conducted in eight adults, 
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buffered formalin and processed for routine histological techniques. The lining epithelium consisted of cornified stratified squamous epithelium. The 
epithelium as well as the entire thickness of the mucosa was more in the thoracic region as compared to cervical, pharynx-oesophageal and cardia 
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length of theoesophagus. The tunica muscularis layer becomes thickened from the cervical region to the cardia, but that of the pharynx-oesophageal 
region was more than that of the cervical region. The outermost layer of the pharynx-oesophageal and cervical region was adventitia and that of the 
thoracic and cardia region was serosa. The strong periodic acid-Schiff reaction was observed in the stratum corneum of the stratified epithelium 
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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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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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