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 In terms of revenue, employment, and foreign 
exchange gains, the livestock industry plays a significant 
role in India’s economy. The total population number of 
bovines (cattle and buffalo) and buffalo population are 

th
302.34 million and 109.85 million according to the 20  
Livestock Census. India is largest milk producers in the 
world. Dairy sector in the India has shown remarkable 
development in the past decade. The milk production 
during 2021-22 is 221.06 million tones and growing at an 
annual growth of 5.29%. The per capita availability of milk 
is increased to 444 grams/day in 2021-22 (DAHD, 2022-
23).

 Buffalo can be considered a backbone for the 
development of dairy industry in India, contributing 56% 
of the total milk, while, they constitute only 34.6% of total 
bovine population (FAO, 2012). River-buffaloes are found 
mainly in South-Asian countries like India and Pakistan, 
reared mainly for milk and meat production. Buffalo meat 
is lean and contains less saturated fat compared to beef and 
pork and having good nutritive value. (Murthy and 
Davadason, 2003). About 63% of the world’s buffalo milk 
and 95% of buffalo milk in Asia is contributed by Indian 
buffaloes (Boopathi et al., 2021).

 Buffalo milk is healthy as it is richer in saturated 
fatty acids; it contains higher total solids useful for preparation 

of cheese, butter, sweets and ice creams. Buffalo have been 
used for draft and termed as the ‘living tractor’. In addition 
buffaloes are also widely used to plow or level land, plant 
crops, puddle rice fields, cultivate crops, pump water, haul 
carts and shallow draft boats, carry people, thresh grain, 
press sugar cane, haul logs, and much more for farmers 
particularly marginal farmers.

 The transition period is the period from 3 weeks pre-
calving to 3 weeks post-calving (Grummer, 1995). The 
term transition defines the important physiological, 
metabolic and nutritional changes occurring in this time 
duration. This phase constitutes a turning point in the 
productive cycle of the cow going to next lactation. Most 
farmers often ignore this crucial period in productive lifecycle 
of the animal leading to decreased milk production in the 
coming lactation and higher incidence of metabolic 
disorders. Thakur et al. (2016) studied the nutrient status of 
buffaloes of Indore district of Malwa region of Madhya 
Pradesh and found shortage of DCP, P, Zn, Cu, vitamin A 
and vitamin E by 11%, 21%, 65%, 2%, 45% and 80%, 
respectively in advanced pregnant buffaloes.

 The nitrogen utilization and growth in Swamp 
buffalo is more efficient than Malaysian cattle (Devendra, 
1985). This better nitrogen utilization and growth 
isparticularly noticeable when the feed supply isof low 
quantity and/or quality (Wanapat et al., 2003). Praveen and 
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Dhaarani, (2018) found that failure in proper management 
during transition phase leads to lowered milk production, 
immune suppression, poor reproductive performance. 
Therefore, keeping in view the aforesaid, it is necessary to 
acquire the data on management practices and feeding 
management of the buffaloes during transition period in 
Vindhya region of Madhya Pradesh.

MATERIAL AND METHODS

 The present study was conducted in Vindhya region 
of Madhya Pradesh state. As per Livestock Census 2019, 
total population of Buffalo in Vindhya region of Madhya 
Pradesh is 10.3 Million. Four districts (Rewa, Satana, 
Sidhi and Singrauli) were selected from Vindhya region of 
Madhya Pradesh.Three tehsils and two villages from each 
district were randomly selected from identified district. 
Afterwards, preliminary survey was conducted to know 
the numbers of farmers practicing the buffalo rearing.

Table 1. Selected Tehsils and Villages of Rewa district

District Tehshil Village

Rewa Teonther Maghigawan
  Barha
 Jawa Banigawan
  Janakhaikalan
 Hanumana Khatkhari
  Gauri
Satna Nagod Semarwara
  Bamhaur
 Maihar Podi
  Bharauli
 Raghuraj Nagar Rampur
  Guluwa
Sidhi Sihawal Bithauli
  Bichhri
 Gopdbanas Upani
  Bhatha
 Majhauli Tala
  Saraiha
Singrauli Chitrangi Pondi (Bagdari)
  Kusahi
 Deosar Jhara
  Jiawan
 Waidhan Harrahawa
  Tiyara

 From selected villages randomly 10 buffalo owners 
as respondents were chosen randomly from each selected 
villages, thus,data from total 240 dairy farmers were 
collected for management and feeding practices adopted 
by the farmers of the selected area. The questionnaire 
regarding management practices and feeding management 
was developed and pilot tested prior to the implementation. 
The farmer’s houses were regularly visited to gather the 
data mostly during the morning hours. The data obtained 

were analyzed to determine the frequency and percentage.

a. Study on management practices of buffaloes during 
transition period-

Table 2. Management practices during transition period

S.No. Parameters Measurement

1. Segregation of pregnant buffalo from
 the herd (one month before expected
 date of calving)

2. Calving assistance required for buffaloes

3. Naval cord disinfection in buffalo calves

4. The disease incidence in buffaloes

5. Vaginal discharge after 14 days of calving in buffaloes

6. Sanitary practices inside buffalo shed

b. Feeding management studied during transition period are 
as below-

Table 3. Feeding management during transition period

S.No. Parameters Measurement

1 Feeding of concentrate to advance
 pregnant heifer

2 Special feeding  or extra amount of
 concentrate to the buffaloes after
 calving

3 Concentrate feeding based on feeding standard

4 Challenge feeding for buffaloes

RESULT AND DISCUSSION

a. Management practices during transition period

 The information regarding management practices 
during transition period opted by the buffalo owners in 
Rewa, Satna, Sidhi and Singrauli districts are discussed as 
below-

1. Segregation of pregnant buffaloes from the herd

 All the farmers rearing the animal under conventional 
housing system. On the basis of data obtained it was 
reported that 77.50% of the respondents did not separated 
and 22.50% respondents separated pregnant buffalo one 
month before the expected date of calving from the herd 
(Table 4). All of the respondents housed sick andhealthy 
buffaloes together may be due to lack of knowledge about 
the isolation and segregation process to control the spread 
of diseases in the herd or due to less availability of space.

 The district wise results of present investigation was 
also observed that majority 96.67%, 61.67%, 95.00% and 
56.67% of the respondents did not separate of pregnant 
buffalo one month before the expected date of calving 
from the herd, whereas only 3.33%, 38.33%, 5.00% and 
43.33% of the respondents practices the separation of 
pregnant buffalo from the herd in Rewa, Satna, Sidhi and 
Singrauli district, respectively.

Through
interview
schedule

Through
interview
schedule
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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. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
*Corresponding author: drdevendra@gmail.com
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.

Keywords: MDR, ESBL, E. coli, Efflux pump, Et-Br agar cartwheel method, PAN
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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 In terms of revenue, employment, and foreign 
exchange gains, the livestock industry plays a significant 
role in India’s economy. The total population number of 
bovines (cattle and buffalo) and buffalo population are 

th
302.34 million and 109.85 million according to the 20  
Livestock Census. India is largest milk producers in the 
world. Dairy sector in the India has shown remarkable 
development in the past decade. The milk production 
during 2021-22 is 221.06 million tones and growing at an 
annual growth of 5.29%. The per capita availability of milk 
is increased to 444 grams/day in 2021-22 (DAHD, 2022-
23).

 Buffalo can be considered a backbone for the 
development of dairy industry in India, contributing 56% 
of the total milk, while, they constitute only 34.6% of total 
bovine population (FAO, 2012). River-buffaloes are found 
mainly in South-Asian countries like India and Pakistan, 
reared mainly for milk and meat production. Buffalo meat 
is lean and contains less saturated fat compared to beef and 
pork and having good nutritive value. (Murthy and 
Davadason, 2003). About 63% of the world’s buffalo milk 
and 95% of buffalo milk in Asia is contributed by Indian 
buffaloes (Boopathi et al., 2021).

 Buffalo milk is healthy as it is richer in saturated 
fatty acids; it contains higher total solids useful for preparation 

of cheese, butter, sweets and ice creams. Buffalo have been 
used for draft and termed as the ‘living tractor’. In addition 
buffaloes are also widely used to plow or level land, plant 
crops, puddle rice fields, cultivate crops, pump water, haul 
carts and shallow draft boats, carry people, thresh grain, 
press sugar cane, haul logs, and much more for farmers 
particularly marginal farmers.

 The transition period is the period from 3 weeks pre-
calving to 3 weeks post-calving (Grummer, 1995). The 
term transition defines the important physiological, 
metabolic and nutritional changes occurring in this time 
duration. This phase constitutes a turning point in the 
productive cycle of the cow going to next lactation. Most 
farmers often ignore this crucial period in productive lifecycle 
of the animal leading to decreased milk production in the 
coming lactation and higher incidence of metabolic 
disorders. Thakur et al. (2016) studied the nutrient status of 
buffaloes of Indore district of Malwa region of Madhya 
Pradesh and found shortage of DCP, P, Zn, Cu, vitamin A 
and vitamin E by 11%, 21%, 65%, 2%, 45% and 80%, 
respectively in advanced pregnant buffaloes.

 The nitrogen utilization and growth in Swamp 
buffalo is more efficient than Malaysian cattle (Devendra, 
1985). This better nitrogen utilization and growth 
isparticularly noticeable when the feed supply isof low 
quantity and/or quality (Wanapat et al., 2003). Praveen and 

ABSTRACT

 A study was conducted to collect the information on existing management practices and feeding management of buffaloes of the Vindhya 
region in Madhya Pradesh. Data were collected from randomly selected 240 dairy buffalo owners through personal interview with the help of pre-
tested structured schedule. None of the farmer incorporated common salt and mineral mixture in animal ration; however maximum respondent’s 
occasionally added common salt (83.75%) and mineral mixture (34.17%) in the ration during transition period. Farmers in the study area following 
conventional housing system and only 22.5% and 67.50% buffalo owners practiced to separate their pregnant animals from the herd and 
propercutting of naval cord after parturition, respectively. The disease incidence occurs in majority of animals during transition period and having 
vaginal discharge after 14 days. The majority of respondents practiced additional concentrate feeding before and after calving. It can be concluded 
from the study that in order to increase the milk production in rural conditions there is need to educate the buffalo farmers about importance of salt and 
mineral mixture, feeding of scientifically balanced ration during transition period with regular vaccination, proper sanitation and segregation of sick 
and pregnant buffaloes from healthy ones.
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Dhaarani, (2018) found that failure in proper management 
during transition phase leads to lowered milk production, 
immune suppression, poor reproductive performance. 
Therefore, keeping in view the aforesaid, it is necessary to 
acquire the data on management practices and feeding 
management of the buffaloes during transition period in 
Vindhya region of Madhya Pradesh.

MATERIAL AND METHODS

 The present study was conducted in Vindhya region 
of Madhya Pradesh state. As per Livestock Census 2019, 
total population of Buffalo in Vindhya region of Madhya 
Pradesh is 10.3 Million. Four districts (Rewa, Satana, 
Sidhi and Singrauli) were selected from Vindhya region of 
Madhya Pradesh.Three tehsils and two villages from each 
district were randomly selected from identified district. 
Afterwards, preliminary survey was conducted to know 
the numbers of farmers practicing the buffalo rearing.

Table 1. Selected Tehsils and Villages of Rewa district

District Tehshil Village

Rewa Teonther Maghigawan
  Barha
 Jawa Banigawan
  Janakhaikalan
 Hanumana Khatkhari
  Gauri
Satna Nagod Semarwara
  Bamhaur
 Maihar Podi
  Bharauli
 Raghuraj Nagar Rampur
  Guluwa
Sidhi Sihawal Bithauli
  Bichhri
 Gopdbanas Upani
  Bhatha
 Majhauli Tala
  Saraiha
Singrauli Chitrangi Pondi (Bagdari)
  Kusahi
 Deosar Jhara
  Jiawan
 Waidhan Harrahawa
  Tiyara

 From selected villages randomly 10 buffalo owners 
as respondents were chosen randomly from each selected 
villages, thus,data from total 240 dairy farmers were 
collected for management and feeding practices adopted 
by the farmers of the selected area. The questionnaire 
regarding management practices and feeding management 
was developed and pilot tested prior to the implementation. 
The farmer’s houses were regularly visited to gather the 
data mostly during the morning hours. The data obtained 

were analyzed to determine the frequency and percentage.

a. Study on management practices of buffaloes during 
transition period-

Table 2. Management practices during transition period

S.No. Parameters Measurement

1. Segregation of pregnant buffalo from
 the herd (one month before expected
 date of calving)

2. Calving assistance required for buffaloes

3. Naval cord disinfection in buffalo calves

4. The disease incidence in buffaloes

5. Vaginal discharge after 14 days of calving in buffaloes

6. Sanitary practices inside buffalo shed

b. Feeding management studied during transition period are 
as below-

Table 3. Feeding management during transition period

S.No. Parameters Measurement

1 Feeding of concentrate to advance
 pregnant heifer

2 Special feeding  or extra amount of
 concentrate to the buffaloes after
 calving

3 Concentrate feeding based on feeding standard

4 Challenge feeding for buffaloes

RESULT AND DISCUSSION

a. Management practices during transition period

 The information regarding management practices 
during transition period opted by the buffalo owners in 
Rewa, Satna, Sidhi and Singrauli districts are discussed as 
below-

1. Segregation of pregnant buffaloes from the herd

 All the farmers rearing the animal under conventional 
housing system. On the basis of data obtained it was 
reported that 77.50% of the respondents did not separated 
and 22.50% respondents separated pregnant buffalo one 
month before the expected date of calving from the herd 
(Table 4). All of the respondents housed sick andhealthy 
buffaloes together may be due to lack of knowledge about 
the isolation and segregation process to control the spread 
of diseases in the herd or due to less availability of space.

 The district wise results of present investigation was 
also observed that majority 96.67%, 61.67%, 95.00% and 
56.67% of the respondents did not separate of pregnant 
buffalo one month before the expected date of calving 
from the herd, whereas only 3.33%, 38.33%, 5.00% and 
43.33% of the respondents practices the separation of 
pregnant buffalo from the herd in Rewa, Satna, Sidhi and 
Singrauli district, respectively.

Through
interview
schedule

Through
interview
schedule
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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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Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR

Gastrothylax crumenifer | Capra hircus | MTR

Explanatum explanatum | Bubalus bubalis | MTR

Paramphistomum epiclitum | Bubalus bubalis | MTR

        KC283190 | G. crumenifer | Bos indicus | Ind

        KX639720 | Fischoederius spp. | Capra hircus | MTR s

        JQ688412 | G. crumenifer | Capra hircus | Ind

          JQ688410 | F. elongatus | Bos indicus | Ind

          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy

         KX274233 | P. cervi | Cervus elaphus | Croa

         KP341659 | P. cervi | Bos grunniens | Chi

       MN535799 | Gastrothylax crumenifer | Capra hircus | MTR s

         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR

         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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Fig. 1. Dead male foal with fetal membrane after delivery

Haryana Vet. (June, 2024) 63(1), 

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians engaged in 
Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript writing/  
submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of Veterinary 
Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.
l Please mention your article reference number in all correspondence for a quick response.
l We solicit your co-operation.
l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, Department of 

Veterinary Parasitology, College of Veterinary Sciences, LUVAS, Hisar-125004.
Editors

CONTRIBUTORS MAY NOTE

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians 
engaged in Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript 
writing/submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of 
Veterinary Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.
l Please mention your article reference number in all correspondence for a quick 

response.
l We solicit your co-operation.
l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, 

Department of Veterinary Parasitology, College of Veterinary Sciences, LUVAS, 
Hisar-125004.

Editors

CONTRIBUTORS MAY NOTE

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

284

 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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
*Corresponding author: drdevendra@gmail.com

Haryana Vet. (June, 2024) 63(1), 89-91 Research Article

97

How to cite: Manikanta Sarma, S.A.V., Pathak, D., Uppal, V. and Singh, O. (2024). Gross anatomical study on middle ear ossicles in 
indigenous goats (Capra hircus). Haryana Vet. 63(1): 89-91.

HV-312-23 - finalized for press

MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

S
en

si
ti

vi
ty

 o
f 

is
ol

at
es

 (
%

)

Antibiotics

Sensitive Resistant Intermediate

AZM CTR DO AMP CIP K A/S

Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.

Keywords: Advanced gestation, Female dog, TVT, Vincristine sulphate

Haryana Vet. (June, 2024) 63(1), 154-155

*Corresponding author: vishakhadhekan@gmail.com

UNUSUAL CASE OF TRANSMISSIBLE VENERAL TUMOR IN ADVANCED GESTATION IN 
FEMALE POMERANIAN DOG: A CASE REPORT

D. VISHAKHA, B.M. RAVINDRANATH*, NARSIMHAMURTHY, B.R. SUCHITRA, C. VARSHA,
S.R. SUMMAYYA and G.S. SHUBHA

Veterinary Clinical Complex, Department of Veterinary Gynaecology and Obstetrics
Karnataka Veterinary Animal and Fisheries Sciences University, Hebbal, Bengaluru-560024, India

Received: 31.07.2023; Accepted: 27.09.2023

How to cite: Vishakha, D., Ravindranath, B.M., Narsimhamurthy, Suchitra, B.R., Varsha, C., Summayya, S.R. and Shubha, G.S. 
(2024). Unusual case of transmissible veneral tumor in advanced gestation in female Pomeranian dog: A case report. Haryana Vet. 
63(1): 154-155.

Clinical Article

HV-311-23_final for press

171

Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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2. Calving assistance required for buffaloes

 On the basis of data obtained it is found that overall 
91.25% of respondents did not need any assistance during 
calving, whereas only 8.75% of the respondents needed 
assistance during calving of buffalo as shown in Table 4.

 The district wise results of present investigation in 
case of requirement of assistance during calving, the 
majority 93.33%, 98.33%, 81.67% and 91.67% of 
respondents did not need any assistance during calving, 
whereas only 6.67%, 1.67%, 18.33% and 8.33% of the 
respondents needed assistance during calving of buffaloes 
in Rewa, Satna, Sidhi and Singrauli district, respectively. 
Similarly, Kumar and Mishra (2011), Bais and Singh 
(2013) and Sabapara et al. (2015) also reported assistance 
during calving amongst majority of farmers at the time of 
parturition. However, contrary to the present findings by 
Pata et al. (2019) reported majority of respondents attended 
calving and took care of the calves after parturition in the 
Junagadh and Porbandar districts of Gujrat.

3. Naval cord disinfection in buffalo calves

 The findings presented in Table 4 revealed that 
overall 67.50% of the respondents followed the navel 
disinfection of calf after birth, while 32.50% of respondents 
not practicing the proper ligation, cutting and disinfection 
of the naval cord leaving it to fall off naturally. The higher 
percentage of dairy farmers following these practices of 
naval cord disinfection was probably due to awareness. 
The district wise results of present investigation revealed 
that majority 100.00%, 53.33%, 66.67% and 50.00%, of 
the respondents practiced navel cord disinfection in calf 
after parturition, whereas 0.00%, 46.67%, 33.33% and 
50.00% of the respondents did nothing for navel cord 
disinfection in Rewa, Satna, Sidhi and Singrauli district, 
respectively.

 For proper navel cord disinfection, it should be cut 
two inches skin, the contents is squeezed out, dipped in 
iodine tincture and tied using clean thread to prevent 
infection. In the present study, majority of the farmers were 
aware about the navel cord disinfection and care of new 
born, it helped to reduce the calf mortality. These findings 
are well comparable with finding of Bilal et al. (2019), 
who reported majority of the farmers practicing navel cord 
cutting and disinfection. There still is room for improvement 
in this regard, who are not practicing navel cord care are 
exposing their newborn calves to diseases. Contrary to our 
findings, Pawar et al. (2006), Sabapara et al. (2010) and 
Kour et al. (2019), they revealed that majority of the 
respondents did not practice navel cord disinfection and it 
was left to fall off itself naturally.

4. The disease incidence in buffaloes

 The findings presented in Table 4 revealed that the in 
Vindhya region overall 90.84% of the respondents told that 
the disease incidence occurs during transition period, 
whereas only 9.16% of the respondents told that buffalo 
escaped from the diseased incidence during transition 
period. Among disease incidence in buffaloes in the 
Vindhya region, majority of buffaloes were suffering from 
mastitis, retained fetal membranes, metritis, hypocalcaemia, 
dystocia, prolapseare 57.79%, 30.28%, 6.43%, 2.75%, 
2.29% and 0.46%, respectively were reported. The district 
wise results of present investigation reported that the 
disease incidence occurs during transition period in 
majority 78.33%, 100.00%, 85.00% and 100.00% of 
buffaloes, whereas only 21.67%, 0.00%, 15.00% and 
0.00% of buffaloes escaped from the diseased incidence in 
Rewa, Satna, Sidhi and Singrauli districts, respectively.

 Among disease incidence in buffaloes, majority of 
buffaloes were suffering from mastitis, retained fetal 
membranes, prolapse and dystocia in different proportion 
in above mention district. The high incidence of disease 
occurrence might be attributed to poor managemental 
practices followed by the farmers. The results showed that 
farmers were unaware about most of the infectious disease 
occurring during pregnancy and calving. Similarly, 
Thakur et al. (2017) and Pata et al. (2019) reported that 
metabolic disorders are the major problem in buffalo 
farming, followed by mastitis and reproductive disorders. 
Scientific management of dairy buffaloes also helped to 
prevent the disease incidence.

5. Vaginal discharge after 14 days of calving in buffaloes

 The findings presented in Table 4 revealed that 
100.00% of the buffaloes had vaginal discharge after 14 
days in Vindhya region. The overall incidence of white and 
clear vaginal discharge after 14 days among the buffaloes 
were found to be 75% and 25%, respectively. The district 
wise results of present investigation revealed that majority 
about 100.00%, 100.00%, 100.00% and 100.00% of the 
buffaloes had vaginal discharge after 14 days in Rewa, 
Satna, Sidhi and Singrauli district, respectively. Among 
these buffaloes, 66.67%, 75.00%, 81.67% and 76.67% 
showed white discharge, while only 33.33%, 25.00%, 
18.33% and 23.34% showed clear vaginal discharge after 
14 days in Rewa, Satna, Sidhi and Singrauli district, 
respectively.

 According to Sheldon et al. (2006) approximately 
80 to 100% of cattles have bacteria in their uterine lumen 
within the first 2 week after calving. Although, the immune 
system of the body gradually removes the microbes, still 
up to 40% of cows have bacterial contamination in their 
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uterus 3 week after parturition (Sheldon et al., 2008). The 
bacteria in the uterus and the acute-phase protein response 
causing clinical endometritis, thus, vaginal discharge 
(Williams et al., 2005).

6. Sanitary practices inside buffaloes shed

 Results can be observed from the Table 4 showed 
that overall 61.67% of the respondents practiced different 
measure to sanitize the buffalo shed whereas only 38.33% 
of the respondents were not followed any measure sanitize 
the buffalo shed in study area. The present study revealed 

that about 40.00%, 75.00%, 70.00% and 61.67% of 
farmers practiced different measure to sanitize the shed 
whereas, 60.00%, 25.00%, 30.00% and 38.33% of farmers 
did not practiced any sanitization process in Rewa, Satna, 
Sidhi and Singrauli district, respectively.

 The district wise results of present investigation 
showed that among the different sanitization practice, 
about 29.17%, 11.10%, 66.67% and 10.81% of farmers 
used Bleaching powder, whereas 58.33%, 44.45%, 
28.57%  and 37.83% of farmers used Phenol and 12.50%, 

Table 4. Management practices followed by buffalo owners during transition period

1. Segregation of pregnant buffaloes from the herd

 Category Rewa Satna Sidhi Singrauli Overall

  N % N % N N % N % N

 Yes 2 3.33 23 38.33 3 5.00 26 43.33 54 22.50

 No 58 96.67 37 61.67 57 95.00 34 56.67 186 77.50

2. Calving assistance required for buffaloes

 Yes 4 6.67 1 1.67 11 18.33 5 8.33 21 8.75

 No 56 93.33 59 98.33 49 81.67 55 91.67 219 91.25

3. Naval cord disinfection in buffalo calves

 Yes 60 100.0 32 53.33 40 66.67 30 50.00 162 67.50

 No 0 0.00 28 46.67 20 33.33 30 50.00 78 32.50

4. The disease incidence in buffaloes

 Yes 47 78.33 60 100.00 51 85 60 100.00 218 90.84

 No 13 21.67 0 0.00 9 15 0 0.00 22 9.16

 Lameness 0 0.00 0 0.000 0 0 0 0.00 0 0.00

 Metritis 0 0.00 4 6.67 0 0 10 16.67 14 6.43

 Mastitis 5 10.64 55 91.66 21 35 45 75.00 126 57.79

 Hypocalcaemia 0 0.00 1 1.67 0 0.00 5 8.33 6 2.75

 ROP 36 76.6 0 0.00 30 50 0 0.00 66 30.28

 Prolapse 1 2.12 0 0.00 0 0.00 0 0.00 1 0.46

 Dystocia 5 10.64 0 0.00 0 0.00 0 0.00 5 2.29

5. Vaginal discharge after 14 days of calving in buffaloes

 Yes 60 100.0 60 100.0 60 100.0 60 100.0 240 100

 No 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 White 40 66.67 45 75.00 49 81.67 46 76.67 180 75.00

 Thick 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Sticky 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Red 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Clear 20 33.33 15 25.00 11 18.33 14 23.33 60 25.00

6. Sanitary practices inside buffalo shed

 Yes 24 40.00 45 75.00 42 70.00 37 61.67 148 61.67

 No 36 60.00 15 25.00 18 30.00 19 38.33 92 38.33

 Bleaching powder 7 29.17 5 11.10 28 66.67 4 10.81 44 29.73

 Phenol 14 58.33 20 44.45 12 28.57 14 37.83 60 40.54

 Detergent 3 12.50 20 44.45 2 4.76 19 51.36 44 29.72

(N and % indicate the number and percentage of respondents, respectively)
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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. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles

GROSS ANATOMICAL STUDY ON MIDDLE EAR OSSICLES IN INDIGENOUS
GOATS (CAPRA HIRCUS)

S.A.V. MANIKANTA SARMA, DEVENDRA PATHAK*, VARINDER UPPAL and OPINDER SINGH
Department of Veterinary Anatomy, College of Veterinary Science (Ludhiana)
Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, India

Received: 12.11.2023; Accepted: 22.01.2024

 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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3

5 7

facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.

Keywords: MDR, ESBL, E. coli, Efflux pump, Et-Br agar cartwheel method, PAN
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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2. Calving assistance required for buffaloes

 On the basis of data obtained it is found that overall 
91.25% of respondents did not need any assistance during 
calving, whereas only 8.75% of the respondents needed 
assistance during calving of buffalo as shown in Table 4.

 The district wise results of present investigation in 
case of requirement of assistance during calving, the 
majority 93.33%, 98.33%, 81.67% and 91.67% of 
respondents did not need any assistance during calving, 
whereas only 6.67%, 1.67%, 18.33% and 8.33% of the 
respondents needed assistance during calving of buffaloes 
in Rewa, Satna, Sidhi and Singrauli district, respectively. 
Similarly, Kumar and Mishra (2011), Bais and Singh 
(2013) and Sabapara et al. (2015) also reported assistance 
during calving amongst majority of farmers at the time of 
parturition. However, contrary to the present findings by 
Pata et al. (2019) reported majority of respondents attended 
calving and took care of the calves after parturition in the 
Junagadh and Porbandar districts of Gujrat.

3. Naval cord disinfection in buffalo calves

 The findings presented in Table 4 revealed that 
overall 67.50% of the respondents followed the navel 
disinfection of calf after birth, while 32.50% of respondents 
not practicing the proper ligation, cutting and disinfection 
of the naval cord leaving it to fall off naturally. The higher 
percentage of dairy farmers following these practices of 
naval cord disinfection was probably due to awareness. 
The district wise results of present investigation revealed 
that majority 100.00%, 53.33%, 66.67% and 50.00%, of 
the respondents practiced navel cord disinfection in calf 
after parturition, whereas 0.00%, 46.67%, 33.33% and 
50.00% of the respondents did nothing for navel cord 
disinfection in Rewa, Satna, Sidhi and Singrauli district, 
respectively.

 For proper navel cord disinfection, it should be cut 
two inches skin, the contents is squeezed out, dipped in 
iodine tincture and tied using clean thread to prevent 
infection. In the present study, majority of the farmers were 
aware about the navel cord disinfection and care of new 
born, it helped to reduce the calf mortality. These findings 
are well comparable with finding of Bilal et al. (2019), 
who reported majority of the farmers practicing navel cord 
cutting and disinfection. There still is room for improvement 
in this regard, who are not practicing navel cord care are 
exposing their newborn calves to diseases. Contrary to our 
findings, Pawar et al. (2006), Sabapara et al. (2010) and 
Kour et al. (2019), they revealed that majority of the 
respondents did not practice navel cord disinfection and it 
was left to fall off itself naturally.

4. The disease incidence in buffaloes

 The findings presented in Table 4 revealed that the in 
Vindhya region overall 90.84% of the respondents told that 
the disease incidence occurs during transition period, 
whereas only 9.16% of the respondents told that buffalo 
escaped from the diseased incidence during transition 
period. Among disease incidence in buffaloes in the 
Vindhya region, majority of buffaloes were suffering from 
mastitis, retained fetal membranes, metritis, hypocalcaemia, 
dystocia, prolapseare 57.79%, 30.28%, 6.43%, 2.75%, 
2.29% and 0.46%, respectively were reported. The district 
wise results of present investigation reported that the 
disease incidence occurs during transition period in 
majority 78.33%, 100.00%, 85.00% and 100.00% of 
buffaloes, whereas only 21.67%, 0.00%, 15.00% and 
0.00% of buffaloes escaped from the diseased incidence in 
Rewa, Satna, Sidhi and Singrauli districts, respectively.

 Among disease incidence in buffaloes, majority of 
buffaloes were suffering from mastitis, retained fetal 
membranes, prolapse and dystocia in different proportion 
in above mention district. The high incidence of disease 
occurrence might be attributed to poor managemental 
practices followed by the farmers. The results showed that 
farmers were unaware about most of the infectious disease 
occurring during pregnancy and calving. Similarly, 
Thakur et al. (2017) and Pata et al. (2019) reported that 
metabolic disorders are the major problem in buffalo 
farming, followed by mastitis and reproductive disorders. 
Scientific management of dairy buffaloes also helped to 
prevent the disease incidence.

5. Vaginal discharge after 14 days of calving in buffaloes

 The findings presented in Table 4 revealed that 
100.00% of the buffaloes had vaginal discharge after 14 
days in Vindhya region. The overall incidence of white and 
clear vaginal discharge after 14 days among the buffaloes 
were found to be 75% and 25%, respectively. The district 
wise results of present investigation revealed that majority 
about 100.00%, 100.00%, 100.00% and 100.00% of the 
buffaloes had vaginal discharge after 14 days in Rewa, 
Satna, Sidhi and Singrauli district, respectively. Among 
these buffaloes, 66.67%, 75.00%, 81.67% and 76.67% 
showed white discharge, while only 33.33%, 25.00%, 
18.33% and 23.34% showed clear vaginal discharge after 
14 days in Rewa, Satna, Sidhi and Singrauli district, 
respectively.

 According to Sheldon et al. (2006) approximately 
80 to 100% of cattles have bacteria in their uterine lumen 
within the first 2 week after calving. Although, the immune 
system of the body gradually removes the microbes, still 
up to 40% of cows have bacterial contamination in their 
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uterus 3 week after parturition (Sheldon et al., 2008). The 
bacteria in the uterus and the acute-phase protein response 
causing clinical endometritis, thus, vaginal discharge 
(Williams et al., 2005).

6. Sanitary practices inside buffaloes shed

 Results can be observed from the Table 4 showed 
that overall 61.67% of the respondents practiced different 
measure to sanitize the buffalo shed whereas only 38.33% 
of the respondents were not followed any measure sanitize 
the buffalo shed in study area. The present study revealed 

that about 40.00%, 75.00%, 70.00% and 61.67% of 
farmers practiced different measure to sanitize the shed 
whereas, 60.00%, 25.00%, 30.00% and 38.33% of farmers 
did not practiced any sanitization process in Rewa, Satna, 
Sidhi and Singrauli district, respectively.

 The district wise results of present investigation 
showed that among the different sanitization practice, 
about 29.17%, 11.10%, 66.67% and 10.81% of farmers 
used Bleaching powder, whereas 58.33%, 44.45%, 
28.57%  and 37.83% of farmers used Phenol and 12.50%, 

Table 4. Management practices followed by buffalo owners during transition period

1. Segregation of pregnant buffaloes from the herd

 Category Rewa Satna Sidhi Singrauli Overall

  N % N % N N % N % N

 Yes 2 3.33 23 38.33 3 5.00 26 43.33 54 22.50

 No 58 96.67 37 61.67 57 95.00 34 56.67 186 77.50

2. Calving assistance required for buffaloes

 Yes 4 6.67 1 1.67 11 18.33 5 8.33 21 8.75

 No 56 93.33 59 98.33 49 81.67 55 91.67 219 91.25

3. Naval cord disinfection in buffalo calves

 Yes 60 100.0 32 53.33 40 66.67 30 50.00 162 67.50

 No 0 0.00 28 46.67 20 33.33 30 50.00 78 32.50

4. The disease incidence in buffaloes

 Yes 47 78.33 60 100.00 51 85 60 100.00 218 90.84

 No 13 21.67 0 0.00 9 15 0 0.00 22 9.16

 Lameness 0 0.00 0 0.000 0 0 0 0.00 0 0.00

 Metritis 0 0.00 4 6.67 0 0 10 16.67 14 6.43

 Mastitis 5 10.64 55 91.66 21 35 45 75.00 126 57.79

 Hypocalcaemia 0 0.00 1 1.67 0 0.00 5 8.33 6 2.75

 ROP 36 76.6 0 0.00 30 50 0 0.00 66 30.28

 Prolapse 1 2.12 0 0.00 0 0.00 0 0.00 1 0.46

 Dystocia 5 10.64 0 0.00 0 0.00 0 0.00 5 2.29

5. Vaginal discharge after 14 days of calving in buffaloes

 Yes 60 100.0 60 100.0 60 100.0 60 100.0 240 100

 No 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 White 40 66.67 45 75.00 49 81.67 46 76.67 180 75.00

 Thick 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Sticky 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Red 0 0.00 0 0.00 0 0.00 0 0.00 00 0.00

 Clear 20 33.33 15 25.00 11 18.33 14 23.33 60 25.00

6. Sanitary practices inside buffalo shed

 Yes 24 40.00 45 75.00 42 70.00 37 61.67 148 61.67

 No 36 60.00 15 25.00 18 30.00 19 38.33 92 38.33

 Bleaching powder 7 29.17 5 11.10 28 66.67 4 10.81 44 29.73

 Phenol 14 58.33 20 44.45 12 28.57 14 37.83 60 40.54

 Detergent 3 12.50 20 44.45 2 4.76 19 51.36 44 29.72

(N and % indicate the number and percentage of respondents, respectively)
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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. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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44.45%, 4.76% and 51.36% of farmers used Detergent to 
sanitize the shed in Rewa, Satna, Sidhi and Singrauli 
district, respectively. This might be due to that the farmers 
aware about sanitary and hygienic condition in buffalo 
shed. Regarding the sanitary condition of shed, the present 
findings are comparable to Aulakh and Rajbir (2012) and 
Viswkarma et al. (2018) who reported that majority of the 
farmers used sanitizer and disinfectant for cleaning of their 
shed. However, Khadda et al. (2017) and Vranda et al. 
(2017), reported that majority of farmers, did not give 
more attention towards sanitary condition of shed and not 
using sanitizer and disinfectant for cleaning of their shed.

b. Feeding management during transition period

 The information regarding nutritional status during 
transition period opted by the buffalo owners in Rewa, 
Satna, Sidhi and Singrauli districts. The different 
nutritional managemental practices during transition 
period related to buffalo were discussed with following 
heads-

1. Feeding of concentrate to advance pregnant heifer

 The results of the Table 5 indicated that overall 
highest 70.42% of the buffalo keepers were feeding 
concentrate to heifers for last one month during advance 
pregnancy, While 24.17% of the respondents provide 
concentrate feed for last 15 days and only 5.41% of the 
respondents provide concentrate feed for last two month to 

advance pregnant heifer during transition period. The 
district wise results of present investigation reported that 
majority 56.67%, 83.33%, 66.66% and 75.00% of 
respondents provide concentrate feed for last one month 
during advance pregnancy of heifer, while 38.33%, 
16.67%, 16.67% and 25.00% of the respondents provide 
concentrate feed for last 15 days and only 5.00%, 0.00%, 
16.67% and 0.00% of the respondents provide concentrate 
feed for last two month in Rewa, Satna, Sidhi and Singrauli 
district, respectively.

 Scientific feeding during transition phase is very 
importantas maximum development of fetus occurs during 
last trimester of pregnancy. The supplementation of 
mineral mixture to the pregnant buffaloes improves 
productive performance of the buffaloes. The digestive 
system of high yielders has better concentrate digestion 
resulting in body weight gain and improvement of body 
condition of buffaloes.

 Similarly, Chowdhry et al. (2006), Rathore and 
Kachwaha (2009), Sabapara et al. (2016), Kumar and 
Mishra (2011), Kumar et al. (2011), Manohar et al. (2014) 
and Kumar et al. (2019) reported that majority of the 
buffaloes farmers feeding concentrate to the advanced 
pregnant heifers. Contrary, Madke et al. (2006), Kishore et 
al. (2013) and Rangamma et al. (2013) reported few 
farmers feeding concentrate to their advanced pregnant 
buffaloes. Sabapara et al., 2016 and Kumar et al. (2019) 

Table 5. Feeding management studied during transition period

1. Feeding of concentrate to advance pregnant heifer

 Category Rewa Satna Sidhi Singrauli Overall

  N % N % N N % N % N

 Without  special 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
 feeding

 For last 15 days 23 38.33 10 16.67 10 16.67 15 25.00 58 24.17

 For last one months 34 56.67 50 83.33 40 66.66 45 75.00 169 70.42

 For last two months 3 5.00 0 0.00 10 16.67 0 0.00 13 5.41

2. Special feeding to the buffaloes after calving

 Special feeding 10 16.67 56 93.33 10 16.67 40 66.67 116 48.34

 Without special 50 83.33 4 6.67 50 83.33 20 33.33 124 51.66
 feeding

3. Concentrate feeding based on feeding standard

 Feeding standard 28 46.67 0 0.00 10 16.67 0 0.00 38 15.84

 Without feeding 32 53.33 60 100.0 50 83.33 60 100.0 202 84.16
 standard

4. Challenge feeding for buffaloes

 Challenge feeding 38 63.33 51 85.00 33 55.00 48 80.00 170 70.83

 Without challenge 22 36.67 9 15.00 27 45.00 12 20.00 49 29.27
 feeding

(N and % indicate the number and percentage of respondents, respectively)
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also found that majority percent of the respondents feeding 
concentrates to their advanced pregnant heifers during last 
2 months of pregnancy.

2. Special feeding to the buffaloes after calving

 The results of the Table 5 indicated that overall about 
48.34% of respondents practiced special feeding after 
calving, while 51.66% of respondents did not practiced 
any type of special feeding after calving. The district wise 
results of present investigation indicated that 16.67%, 
93.33%, 16.67% and 66.67% of respondents practiced 
special feeding after calving whereas, without special 
feeding after calving was 83.33%, 6.67%, 83.33% and 
33.33% in Rewa, Satna, Sidhi and Singrauli districts, 
respectively.

 Most respondents had adequate knowledge about 
feeding care after calving. These findings are in agreement 
with Divekar and Saiyed (2008), Sabapara et al. (2010), 
Kishore et al. (2013) and Kumar et al. (2019), who 
reported the majority of the respondents, followed special 
feeding after calving.

3. Concentrate feeding based on feeding standard

 The result of present study in table 5, indicated that 
overall 84.16% of respondent did not followed the 
guideline of feeding standard, while only 15.84% of 
respondent nourished their buffalo as per the guideline of 
feeding slandered and giving concentrate feed based on 
quantity of milk produced during transition period. The 
district wise results of present investigation indicated that 
majority i.e. 53.33%, 100.00%, 83.33% and 100.00% of 
respondent did not followed the guideline of feeding 
slandered, while 46.67%, 0.00%, 16.67% and 0.00% of 
respondent nourished their buffaloes as per the guideline 
of feeding slandered and giving concentrate feed based on 
quantity of milk produced in Rewa, Satna, Sidhi and 
Singrauli, districts, respectively.

 Similarly, Dar et al. (2017) found that majority of the 
respondents (97.75%) not feeding animals according to 
productivity level. Contrary, Malik et al. (2005), Divekar 
and Saiyed (2008), Sheikh et al. (2011), Sabapara et al. 
(2016) and Kumar et al. (2019), reported that majority of 
the respondents (87.50%) fed concentrates to their animals 
as per milk production, and few percent of the respondents 
fed concentrates to their animals on a no criteria basis. 
Manohar et al. (2014) reported that majority of respondent 
feeding 1 kg concentrate per 2 litres of milk per day to the 
lactating buffaloes.

4. Challenge feeding for buffaloes

 The results of challenge feeding practices studied 
for buffaloes were presented in Table 5, showed that 

overall about 70.83% of respondents allowed challenge 
feeding, while 29.27% of the respondents did not allowed 
challenge feeding to their buffalo.

 The district wise results of present investigation 
showed that majority about 63.33%, 85.00%, 55.00% and 
80.00% of respondents allowed challenge feeding, while 
36.67%, 15.00%, 45.00% and 20.00% of the respondents 
did not allowed challenge feeding to their buffaloes in 
Rewa, Satna, Sidhi and Singrauli district, respectively. 
These results were in accordance with Patil (1996) and 
Bourde (1992).

CONCLUSION

 On the basis of data obtained from the present study 
on buffalo farmers of Vindhya region about management 
and feeding management during transition period of the 
animal, it is concluded that majority of the farmers did not 
separate of pregnant buffalo from the herd, did not need 
any assistance during calving, face the navel disinfection 
of calf after birth, disease incidence occurs during 
transition period, and almost every buffalo (100.00%) had 
vaginal discharge after 14 days, and farmers were 
practicing different measure to sanitize the buffalo shed. In 
addition, buffalo keepers were feeding concentrate to 
heifers for last one month during advance pregnancy but 
did not followed the guideline of feeding standard during 
transition period, while, lesser farmers practiced scientific 
feeding to the animal after calving and allowed challenge 
feeding during transition period. Thus in order to increase 
the milk production in rural conditions there is need to 
educate the buffaloes farmers about importance of salt and 
mineral mixture in buffaloes ration, feeding of scientifically 
balanced ration in transition period.
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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. Dead male foal with fetal membrane after delivery

Haryana Vet. (June, 2024) 63(1), 

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians engaged in 
Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript writing/  
submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of Veterinary 
Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.
l Please mention your article reference number in all correspondence for a quick response.
l We solicit your co-operation.
l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, Department of 

Veterinary Parasitology, College of Veterinary Sciences, LUVAS, Hisar-125004.
Editors

CONTRIBUTORS MAY NOTE

l Research/Clinical articles are invited for next issue from the Scientists/Veterinarians 
engaged in Veterinary Profession.

l Please follow strictly the format of 'The Haryana Veterinarian' for manuscript 
writing/submission.

l Please pay processing fee of Rs. 1000/- online in the account of Dean, College of 
Veterinary Sciences, along with each article.

l After revision, please return the revised manuscript and rebuttal at the earliest.
l Please mention your article reference number in all correspondence for a quick 

response.
l We solicit your co-operation.
l All correspondence should be addressed to 'The Editor', Haryana Veterinarian, 

Department of Veterinary Parasitology, College of Veterinary Sciences, LUVAS, 
Hisar-125004.

Editors

CONTRIBUTORS MAY NOTE

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

284

 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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.

REFERENCES

Chaudhuri, S., Varshney, J. and Changkija, B. (2017). Electrocardiographic 
changes in canine babesiosis. Arch. Palliat. Care. 2(2): 1014.

Ghosh, C.K., Banerjee, A., Mridha, F., Sarkar, P. and Sarkar, S. (2020). 
Ascites in a Doberman pinscher pup due to babesia infection: A 
case report. Pharma Innov. J. 9(7): 253-255.

Gowtham, R.M., Gowri, B., Kavitha, S. and Leela, V. (2022). Myocardial 
dysfunction due to babesiosis in a dog. Indian J. Vet. Anim. Sci. 
51(4): 84-90.

Pandey, P., Rani, P. and Kumar, M.K.B. (2022). Peritoneal effusion due 
to Babesiosis and its therapeutic management in dog-a rare case 
report. Indian J. Vet. Med. 42(1): 54-56.

Reddy, B.S., Sivajothi, S. and Swetha, K. (2022). Electrocardiographic 
findings and alterations of cardiac troponin in dogs with 
Babesia gibsoni. Pharma Innov. J. 11(11): 2376-2378.

Sahoo, K. K., Gupta, D., Tiwari, A., Rai, S., Sawhney, A., Sharma, P. and 
Bhatt, S. (2022). Morphological variation of electrocardiogram: 
A boon in diagnosis of canine cardiac disorders. Pharma Innov. 
J. 11(1199-1202): 4.

Sangeetha S.G. and Raguvaran R. (2022). SIRS, MODS and IMHA 
associated with Babesia canis infection in a German Shepherd 
pup and its therapeutic management. J. Indian Vet. Assoc. 20(1).

Shivani, S., Maurya, P.S., Sudhakar, N.R. and Jeny, K.J. (2020). Clinico 
-haematological alteration in a Labrador dog affected with 
babesiosis and its therapeutic management. Haryana Vet. 59(1): 
146-147.

Bilwal, A.K., Mandali, G.C. and Tandel, F.B. (2017). Clinicopathological 
alterations in naturally occurring Babesia gibsoni infection in 
dogs of Middle-South Gujarat, India. Vet. World. 10(10): 1227-
1232.

Mittal, M., Kundu, K., Chakravarti, S., Mohapatra, J.K., Singh, V.K., 
Kumar, B.R. and Kumar, A. (2019). Canine babesiosis among 
working dogs of organised kennels in India: A comprehensive 
haematological, biochemical, clinic-pathological and 
molecular epidemiological multiregional study. Prev. Vet. Med. 
169: 104696.

Yadav, N., Mondal, D.B., Raguvaran, R., Sharma, D.K., Das, A.K., 
Kumar, N. and Verma, M.R. (2021). Evaluation of oxidative 
stress indices and disseminated intravascular coagulation in 
Babesia gibsoni infected dogs with respect to different 
therapeutic modalities. Haryana Vet. 60(2): 188-190.

170

 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.

Keywords: Advanced gestation, Female dog, TVT, Vincristine sulphate
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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44.45%, 4.76% and 51.36% of farmers used Detergent to 
sanitize the shed in Rewa, Satna, Sidhi and Singrauli 
district, respectively. This might be due to that the farmers 
aware about sanitary and hygienic condition in buffalo 
shed. Regarding the sanitary condition of shed, the present 
findings are comparable to Aulakh and Rajbir (2012) and 
Viswkarma et al. (2018) who reported that majority of the 
farmers used sanitizer and disinfectant for cleaning of their 
shed. However, Khadda et al. (2017) and Vranda et al. 
(2017), reported that majority of farmers, did not give 
more attention towards sanitary condition of shed and not 
using sanitizer and disinfectant for cleaning of their shed.

b. Feeding management during transition period

 The information regarding nutritional status during 
transition period opted by the buffalo owners in Rewa, 
Satna, Sidhi and Singrauli districts. The different 
nutritional managemental practices during transition 
period related to buffalo were discussed with following 
heads-

1. Feeding of concentrate to advance pregnant heifer

 The results of the Table 5 indicated that overall 
highest 70.42% of the buffalo keepers were feeding 
concentrate to heifers for last one month during advance 
pregnancy, While 24.17% of the respondents provide 
concentrate feed for last 15 days and only 5.41% of the 
respondents provide concentrate feed for last two month to 

advance pregnant heifer during transition period. The 
district wise results of present investigation reported that 
majority 56.67%, 83.33%, 66.66% and 75.00% of 
respondents provide concentrate feed for last one month 
during advance pregnancy of heifer, while 38.33%, 
16.67%, 16.67% and 25.00% of the respondents provide 
concentrate feed for last 15 days and only 5.00%, 0.00%, 
16.67% and 0.00% of the respondents provide concentrate 
feed for last two month in Rewa, Satna, Sidhi and Singrauli 
district, respectively.

 Scientific feeding during transition phase is very 
importantas maximum development of fetus occurs during 
last trimester of pregnancy. The supplementation of 
mineral mixture to the pregnant buffaloes improves 
productive performance of the buffaloes. The digestive 
system of high yielders has better concentrate digestion 
resulting in body weight gain and improvement of body 
condition of buffaloes.

 Similarly, Chowdhry et al. (2006), Rathore and 
Kachwaha (2009), Sabapara et al. (2016), Kumar and 
Mishra (2011), Kumar et al. (2011), Manohar et al. (2014) 
and Kumar et al. (2019) reported that majority of the 
buffaloes farmers feeding concentrate to the advanced 
pregnant heifers. Contrary, Madke et al. (2006), Kishore et 
al. (2013) and Rangamma et al. (2013) reported few 
farmers feeding concentrate to their advanced pregnant 
buffaloes. Sabapara et al., 2016 and Kumar et al. (2019) 

Table 5. Feeding management studied during transition period

1. Feeding of concentrate to advance pregnant heifer

 Category Rewa Satna Sidhi Singrauli Overall

  N % N % N N % N % N

 Without  special 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
 feeding

 For last 15 days 23 38.33 10 16.67 10 16.67 15 25.00 58 24.17

 For last one months 34 56.67 50 83.33 40 66.66 45 75.00 169 70.42

 For last two months 3 5.00 0 0.00 10 16.67 0 0.00 13 5.41

2. Special feeding to the buffaloes after calving

 Special feeding 10 16.67 56 93.33 10 16.67 40 66.67 116 48.34

 Without special 50 83.33 4 6.67 50 83.33 20 33.33 124 51.66
 feeding

3. Concentrate feeding based on feeding standard

 Feeding standard 28 46.67 0 0.00 10 16.67 0 0.00 38 15.84

 Without feeding 32 53.33 60 100.0 50 83.33 60 100.0 202 84.16
 standard

4. Challenge feeding for buffaloes

 Challenge feeding 38 63.33 51 85.00 33 55.00 48 80.00 170 70.83

 Without challenge 22 36.67 9 15.00 27 45.00 12 20.00 49 29.27
 feeding

(N and % indicate the number and percentage of respondents, respectively)
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also found that majority percent of the respondents feeding 
concentrates to their advanced pregnant heifers during last 
2 months of pregnancy.

2. Special feeding to the buffaloes after calving

 The results of the Table 5 indicated that overall about 
48.34% of respondents practiced special feeding after 
calving, while 51.66% of respondents did not practiced 
any type of special feeding after calving. The district wise 
results of present investigation indicated that 16.67%, 
93.33%, 16.67% and 66.67% of respondents practiced 
special feeding after calving whereas, without special 
feeding after calving was 83.33%, 6.67%, 83.33% and 
33.33% in Rewa, Satna, Sidhi and Singrauli districts, 
respectively.

 Most respondents had adequate knowledge about 
feeding care after calving. These findings are in agreement 
with Divekar and Saiyed (2008), Sabapara et al. (2010), 
Kishore et al. (2013) and Kumar et al. (2019), who 
reported the majority of the respondents, followed special 
feeding after calving.

3. Concentrate feeding based on feeding standard

 The result of present study in table 5, indicated that 
overall 84.16% of respondent did not followed the 
guideline of feeding standard, while only 15.84% of 
respondent nourished their buffalo as per the guideline of 
feeding slandered and giving concentrate feed based on 
quantity of milk produced during transition period. The 
district wise results of present investigation indicated that 
majority i.e. 53.33%, 100.00%, 83.33% and 100.00% of 
respondent did not followed the guideline of feeding 
slandered, while 46.67%, 0.00%, 16.67% and 0.00% of 
respondent nourished their buffaloes as per the guideline 
of feeding slandered and giving concentrate feed based on 
quantity of milk produced in Rewa, Satna, Sidhi and 
Singrauli, districts, respectively.

 Similarly, Dar et al. (2017) found that majority of the 
respondents (97.75%) not feeding animals according to 
productivity level. Contrary, Malik et al. (2005), Divekar 
and Saiyed (2008), Sheikh et al. (2011), Sabapara et al. 
(2016) and Kumar et al. (2019), reported that majority of 
the respondents (87.50%) fed concentrates to their animals 
as per milk production, and few percent of the respondents 
fed concentrates to their animals on a no criteria basis. 
Manohar et al. (2014) reported that majority of respondent 
feeding 1 kg concentrate per 2 litres of milk per day to the 
lactating buffaloes.

4. Challenge feeding for buffaloes

 The results of challenge feeding practices studied 
for buffaloes were presented in Table 5, showed that 

overall about 70.83% of respondents allowed challenge 
feeding, while 29.27% of the respondents did not allowed 
challenge feeding to their buffalo.

 The district wise results of present investigation 
showed that majority about 63.33%, 85.00%, 55.00% and 
80.00% of respondents allowed challenge feeding, while 
36.67%, 15.00%, 45.00% and 20.00% of the respondents 
did not allowed challenge feeding to their buffaloes in 
Rewa, Satna, Sidhi and Singrauli district, respectively. 
These results were in accordance with Patil (1996) and 
Bourde (1992).

CONCLUSION

 On the basis of data obtained from the present study 
on buffalo farmers of Vindhya region about management 
and feeding management during transition period of the 
animal, it is concluded that majority of the farmers did not 
separate of pregnant buffalo from the herd, did not need 
any assistance during calving, face the navel disinfection 
of calf after birth, disease incidence occurs during 
transition period, and almost every buffalo (100.00%) had 
vaginal discharge after 14 days, and farmers were 
practicing different measure to sanitize the buffalo shed. In 
addition, buffalo keepers were feeding concentrate to 
heifers for last one month during advance pregnancy but 
did not followed the guideline of feeding standard during 
transition period, while, lesser farmers practiced scientific 
feeding to the animal after calving and allowed challenge 
feeding during transition period. Thus in order to increase 
the milk production in rural conditions there is need to 
educate the buffaloes farmers about importance of salt and 
mineral mixture in buffaloes ration, feeding of scientifically 
balanced ration in transition period.
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Fig. 1. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
*Corresponding author: drdevendra@gmail.com
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.

Keywords: MDR, ESBL, E. coli, Efflux pump, Et-Br agar cartwheel method, PAN
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.

Keywords: Advanced gestation, Female dog, TVT, Vincristine sulphate

Haryana Vet. (June, 2024) 63(1), 154-155

*Corresponding author: vishakhadhekan@gmail.com

UNUSUAL CASE OF TRANSMISSIBLE VENERAL TUMOR IN ADVANCED GESTATION IN 
FEMALE POMERANIAN DOG: A CASE REPORT

D. VISHAKHA, B.M. RAVINDRANATH*, NARSIMHAMURTHY, B.R. SUCHITRA, C. VARSHA,
S.R. SUMMAYYA and G.S. SHUBHA

Veterinary Clinical Complex, Department of Veterinary Gynaecology and Obstetrics
Karnataka Veterinary Animal and Fisheries Sciences University, Hebbal, Bengaluru-560024, India

Received: 31.07.2023; Accepted: 27.09.2023

How to cite: Vishakha, D., Ravindranath, B.M., Narsimhamurthy, Suchitra, B.R., Varsha, C., Summayya, S.R. and Shubha, G.S. 
(2024). Unusual case of transmissible veneral tumor in advanced gestation in female Pomeranian dog: A case report. Haryana Vet. 
63(1): 154-155.

Clinical Article

HV-311-23_final for press

171

Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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Paramphistomum epiclitum | Capra hircus | MTR

Fischoederius spp. | Capra hircus | MTR

Gastrothylax crumenifer | Capra hircus | MTR

Explanatum explanatum | Bubalus bubalis | MTR

Paramphistomum epiclitum | Bubalus bubalis | MTR

        KC283190 | G. crumenifer | Bos indicus | Ind

        KX639720 | Fischoederius spp. | Capra hircus | MTR s

        JQ688412 | G. crumenifer | Capra hircus | Ind

          JQ688410 | F. elongatus | Bos indicus | Ind

          GU133061 | F. elongatus | Capra hircus | Ind

       AB817059 | Calicophoron microbothrium | Bos taurus | Egy

         KX274233 | P. cervi | Cervus elaphus | Croa

         KP341659 | P. cervi | Bos grunniens | Chi

       MN535799 | Gastrothylax crumenifer | Capra hircus | MTR s

         KF564870 | P. epiclitum | Bubalus bubalis | Ind

         KX657874 | Paramphistomum epiclitum | Bubalus bubalis | MTR

         JX678261 | P. epiclitum | Bos indicus | Ind

         KX657873 | Paramphistomum epiclitum | Capra hircus | MTR s

         KX657875 | Paramphistomum epiclitum | Capra hircus | MTR s

   KJ995525 | P. leydeni | Bos taurus | Arg

AB743577 | Explanatum explanatum | Bubalus bubalis | Jap

                 KY889140 | Explanatum explanatum | Bubalus bubalis | MTR

                                                      AB553695 | Fasciola gigantical | Bubalus bubalis | Egy

                                                      FN432335 | Haemonchus gigantical | Capra hircus | Italy
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Fig. 1. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 
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Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.

1

4

2

6

3

5 7

facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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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. Dead male foal with fetal membrane after delivery
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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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ABSTRACT

 The present study was conducted on the middle ear ossicles of six adult Beetal goats (Capra hircus). The goat heads were collected from a 
municipal slaughterhouse in Ludhiana. Access to the ossicular assembly was made from the base of the tympanic bulla by cutting the occipital bone 
with a bone saw blade at the level of condyles and para mastoid processes at an angle parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal. It was observed that the ossicular assembly of Beetal goats was formed by three ear ossicles named 
malleus (hammer), incus (anvil), and stapes (stirrup). The malleuswas the most peripheral and was composed of a head, neck, and manubrium. The 
head of the malleus possessed an oval articular facet on its medial surface. The neck of the malleus was comprised of three processes viz., lateral, 
rostral, and muscular. The manubrium of the malleus was the longest, with a length of 0.46 cm±0.009, and appeared slightly curved. The shape of the 
incus was like a biradicular molar and it presented a body and two processes, the short and long crura, of which the lenticular process was present only 
on the long crus. The stapes was the smallest and consisted of a head, an anterior, a posterior arm, and a footplate.

Keywords: Middle ear, Goat, Gross anatomy, Ossicles
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 In ways that humans cannot, animal models of 
middle ear surgery enable us to investigate disease 
mechanisms. According to the authors, the ear underwent a 
protracted evolutionary process lasting more than 300 
million years. Mammals have been known to have three 
ossicle assemblies (Amin and Tucker, 2006); Takechi and 
Kuratani, (2010), while birds have a unique circumstance 
where just one ossicle-the Columella auris-is known to 
exist (Anthwal et al., 2013; Besoluk et al., 2019; Claes et 
al., 2016; Mills, 1994; Takechi and Kuratani, 2010). It has 
been claimed that stapes is the name given to the same 
bony structure in reptiles and proposed that the articular 
and quadrate bone in non-mammals serve as analogues of 
the malleus and incus described in mammals (Anthwal et 
al., 2012). Goats are known as excellent models for 
experimental scientific studies, reconstructive surgical 
procedures of the ossicular chain, and training in human 
ear surgery due to the size of the middle ear and anatomical 
similarities with human ossicles.

 The Malleus, Incus, and Stapes have all evolved 
from the jawbones of mammals and the Columella auris of 
reptiles, respectively. These three tiny bones are irregularly 
shaped and laterally located in the tympanic cavity. This 
articulated chain of ossicles connects the tympanic 
membrane and medial wall of the tympanic cavity which 
transfers sound from the tympanic membrane to the 
cochlea through an oval window (Ludman and Wright, 
2006); Strandring (2008). As a transformer of air acoustic 
energy’s impedance towards the fluids of the inner ear, this 

ossicular assembly’s primary job was to mediate the 
transmission of vibrations from the tympanic membrane 
through the handle of the malleus (Manubrium mallei) and 
send them over toward the components of the internal ear 
(Wilson, 1987; Keefe, 2015).

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

rodents (such as gerbils, chinchillas, and guinea pigs), 

rabbits, and cats. The findings can vary greatly since small 

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

sizes (Hemilä et al., 1995). Large animal models have also 

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

covering the mastoid process (Schnabl et al., 2012). In the 

present day, due to the widespread trans-canal endoscopic 

surgery in humans, especially in the middle ear, goats can 

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

al., 2023). Therefore, the current study was planned to 

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
*Corresponding author: drdevendra@gmail.com
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MATERIALS AND METHODS

 Six freshly slaughtered adult goat heads were 
collected from a muncipals laughter house in Ludhiana, 
India. The tissues surrounding the tympanic bulla were 
removed and the ventral surface of the bulla was cut open. 
Access to the ossicular assembly was made from the base/ 
ventral surface of the tympanic bulla by cutting through the 
occipital bone with a bone saw blade at the level of 
occipital condyles, and para mastoid processes at an angle 
parallel to the ventral surface of the tympanic bulla without 
damaging the bony part of the middle ear canal (Fig. 1). 
Examination of middle ear structures was done by using a 
magnifying lens and stereo zoom microscope. The images 
of ear ossicles were captured using an iPhone camera in 
macro mode, 12 megapixels. The terminology of all the 
anatomical structures was adopted in accordance to 
Nomina Anatomica Veterinaria (2017).

Morphometrical data recording

 Measurements were recorded by using vernier 
calipers (Fig. 2). The parameters for the measurements 
were the length and width of ear ossicles, the width of the 
malleus at the broadest point, vertical diameter, the 
thickness of the malleus’ narrow, concave neck, length of 
malleus’ manubrium, length of long crus and short crus of 
the incus, and length of rostral and caudal crus of Stapes 
(Fig. 3). The mean and standard errors of respective data 
were calculated using the MS Excel programme. The data 
for the length and width at the broadest point were 
analysed and presented as graphs with GraphPad Prism 
8.0.2. Normality tests were done on all three data sets and 
subjected to one-way analysis of variance (ANOVA) and 
Tukey’s multiple comparisons test to find statistical 
differences in the length and width of the three ear ossicles.

RESULTS AND DISCUSSION

 The assembly of the three ossicles was disclosed 
when the occipital condyles and para mastoid processes 
were removed properly. The lateral component was the 
malleus, followed by the connection with the incus, and the 
most medial one being the stapes. The finding of the 
presence of three ossicles’ assembly at the level of the 
tympanic cavity was in consonance with the findings in 
non-human primates (Borin et al., 2008), sheep (Simaei et 
al., 2017), wolves (Gürbüz et al., 2019) and rabbits (Guan 
et al., 2019). However, Nazih (2017) reported fourth ear 
ossicle in donkey.

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 
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lateral side, the head of the malleus (Caput mallei) had an 
overall oval form with a dorso-caudal disposition. Its 
medial surface had an articular surface for the incus 
(Facies articularis). The neck was tuberous and nearly 
flattened near the head. As approached the handle, it was 
more cylindrical, and its diameter reduced significantly. 
Tensor tympanic muscle insertion was provided by the 
muscular process (P. muscularis) on the neck of malleus. 
The morphometrical data of Malleus has been presented in 
Table 1. The malleus, or drumstick bone, in goats was 
0.885±0.009 cm long. It was the longest ear ossicle. The 
average width of the malleus at the broadest point was 
0.24±0.002 cm. The oval-shaped malleus head had an 
average vertical diameter of 0.33±0.009 cm. The malleus’ 
narrow, concave neck was 0.21±0.005 cm in thickness. 
The malleus’ manubrium, or handle, was the longest part 
and measured 0.46±0.009 cm in length and had a concave 
rostral edge. It was firmly connected to the eardrum and 
dragged the center inwards to the tympanic cavity. The 
handle of the goat’s malleus bone accounted for roughly 
70% of the entire malleus length (Hadžiomeroviæ et al., 
2023). The same observations were reported in goats 
(Martonos et al., 2020). But contrast to this, neck of 
malleus with only 2 processes, the lateral and rostral, was 
reported in Capra aegagrushircus, a subspecies of goat 
domesticated from Southwest Asia and Eastern Europe 
(Tolba, 2016).

 The body of Incus (Corpus incudes) housed two 
processes: a short process and a lengthy process (Crus 
breve and Crus longum, respectively) (Figs. 5A, B). The 
incus was a biradicular molar in shape. The body of incus 
had an articular process for malleus on rostral extremity. 
Similar observations were reported in camel (Osman and 
Arnautovic, 1987) and rabbit (Arnautovic and Osman,1985). 
Contrarily, Martonos et al. (2020) reported that the short 
and long crurain Capra hircus were nearly of the same 
length, with the long crus projecting obliquely. In addition, 
the long root of the incus showed one tiny bone, known as 
the lenticular process in rabbits (Kurtul et al., 2003), which 
could not be seen in the Beetal goats. The morphometrical 
data of Incus has been presented in Table 2. It was a short, 
broad bone that was 0.29±0.002 cm long, and 0.35±0.006 
cm wide. The cuboidal body of incus was located in the 
tympanic cavity caudal to the malleus’ head. The long crus 
fall caudoventrally, to make an acute angle with the body, 
measuring 0.37±0.006 cm in length and possessed 
lenticular process. The short root, which was 0.23±0.005 
cm in length, directed rostro-dorsally, to articulate with the 
body of the stapes via its terminal facet to form the incudo-
stapedial joint.

 Stapes was the smallest of the three ear ossicles. 
Topographically, it was located in between the terminal 

99

Fig. 1. Steps in reaching the middle ear to locate ear ossicles.
Fig. 2. (A) Ossicular chain visible inside the middle ear cavity showing 1.  Head of malleus 2. Chorda tympani nerve, 3. Long crus of incus; Arrow 

pointing to the malleoincudal joint. Yellow dotted area showing cut opened ventral surface of tympanic bulla; (B) Ear ossicles taken out of the 
middle ear, 1. Malleus, 2. Incus, and 3. Stapes; (C) method of taking morphometrical measurements by using verniercallipers.

Fig. 3. Drawing of ear ossicles showing the landmarks for morphometrical parameters of A) Malleus, B) Incus, and C) Stapes.
Fig. 4. Malleus of goat showing Malleus head showing the articular process (1), Rostral process (2), Tympanic membrane attached to manubrium of 

the malleus (3), Neck (4) and Manubrium/ handle of the malleus (5).
Fig. 5. Incus of goat showing long process of incus (1), body of incus (2), short process of incus (3), articular facet for stapes (4), and medial 

depression (5).
Fig. 6. Stapes of goat showing head (1), rostral crus (2), Obturator foramen (3), Footplate (4) and Caudal crus (5).
Fig. 7. Graphical representation of average length (A) and width at the broadest point (B) of three ear ossicles and their statistical analysis.
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3

5 7

facet on the short crus of the incus and the vestibular or 
oval window connecting the middle ear to the inner ear 
(Figs. 6A, B). It was deeply excavated and could be found 
below the chorda tympani nerve branch of the facial nerve. 
It was placed in dorso-medially oblique orientation. The 
shape of stapes was like a triangle with a head (Caput 
stapedis), a rostral arm (Crus rostralis), a caudal arm (Crus 

caudale) and a foot plate (Basis stapedis). The head of 
stapes contained an articular facet for incus. The caudal 
margin of the stapes showed a process for insertion of the 
stapedius muscle (Membrana stapedius). Between the two 
arms of stapes, it enclosed an oval space known as 
obturator/intercrural space. The base or footplate of the 
stapes was ellipsoid in shape, and its medial surface was 

Table 1. Morphometrical data on the malleus of beetal goat (in centimeters)

Parameter Total length Width at widest Vertical diameter Thickness (cm) Manubrium
 (cm) point (cm) (cm) of head of the neck length (cm)

Mean ± SE 0.885 ± 0.009 0.24 ± 0.002 0.33 ± 0.009 0.21 ± 0.005 0.46± 0.009

Table 2. Morphometrical data on incus of beetal goat (in centimeters)

Parameter length Width Length of long crus Length of short crus

Mean ± SE 0.29±0.002 0.35 ± 0.006 0.37± 0.006 0.23± 0.005

Table 3. Morphometrical data on stapes of beetal goat (in centimeters)

Parameter length Width Length of rostral crus Length of caudal crus

Mean ± SE 0.27 ± 0.004 0.2 ± 0.005 0.26 ± 0.008 0.2 ± 0.006
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attached to an oval or vestibular window by means of an 
annular ligament (Annularesta pedis). The Stapes in Beetal 
goats under present study had a similar shape to those in 
guinea pigs (Albuquerque et al., 2009), degu and paca, 
hamsters (Mohammadpour, 2010), Chinese bamboo rats 
(Pleštilová et al., 2016), and wolves (Gürbüz et al., 2019). 
The morphometrical data of Stapes has been presented in 
Table 3. It measured 0.27±0.004 cm in length and 0.2± 
0.005 cm in width. The rostral crus measured 0.26±0.008 cm 
in length and was concave, curved and longer than the caudal 
one. The caudal crus were convex and 0.2±0.006 cm in length.

 The data analysis of the length of the three ear 
ossicles (Fig. 7A) showed that Malleus was significantly 
longer than the other two ear ossicles (P<0.0001). No 
significant difference in the length of Incus and Stapes was 
observed. The Incus was the widest ear ossicle and Stapes 
was the narrowest of the three (Fig. 7B). Our results 
regarding the length of the rostral crus being larger than the 
caudal crus correlated with earlier findings in goats (Tolba, 
2016). On the contrary, the two roots were equal in length, 
according to (Osman & Arnautovic, 1987) in camel and 
donkey, in deer (Ragab and Osman,1987), and in pig (Gurr 
et al., 2010). An earlier study in goats (Martonos et al., 
2020) recorded the presence of a spicule on the caudal crus 
of stapes crossing onto the obturator/intercrural space, 
which was not found in our study.

CONCLUSION

 This study’s major goal was to present a detailed 
morphological description and some morphometrical 
information about the auditory ossicles in Beetal goats. 
Combining all the data in this way could be a great 
educational tool for studying the comparative morphology 
of the middle ear and suggest some fresh research areas.
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 The indiscriminate antimicrobial usage in clinical 

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

resistance (AMR) (Manoj et al., 2023). The efflux-pump 

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

antimicrobial agents (Blanco et al., 2016). The AcrAB-

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

coli because of their broad specificity (Weston et al., 

2018). A simple and cost-effective phenotypic method to 

demonstrate the efflux pump activity in bacteria is ethidium-

bromide (Et-Br) agar cartwheel method (EBACM). The 

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

overexpression of efflux pumps (Martins et al., 2011).

 Certain molecules known as the efflux pump inhibitors 

(EPIs) can be used in combination with antibiotics (known 
as adjuvant therapy) to enhance their activity against the 
strains which overexpress efflux pumps (Sharma et al., 

2019). Among the EPIs, phenylalanyl-arginine--

naphthylamide (PAN), a peptidomimetic EPI was the first 

inhibitor of RND family efflux pumps, specifically the AcrB 
(Huang et al., 2022). In addition to its role as a potentiator 
of fluoroquinolones, macrolides and chloramphenicol, the 

phenylalanine-arginine -naphthylamide (PAN) itself 

acts as a substrate for RND efflux pumps as well, thereby 
competitively inhibiting the substrate binding and efflux 
(Viveiros et al., 2008). Although, the efflux pump 
inhibition assay (EPIA) in MDR Salmonella Typhimurium 
has been studied (Anbazhagan et al., 2019), the literatures 

are scarce with regard to the extended spectrum -

lactamase (ESBL)-producing E. coli. Therefore, the current 
study aims to detect the efflux pump activity in ESBL-
producing E. coli isolates recovered from environmental 
sources of Mirzapur district, Uttar Pradesh, India by 
EBACM as well as subjecting these isolates to EPIA using 

PAN against different antibiotics.

ABSTRACT

 The overexpression of efflux pumps is one of the mechanisms of acquisition of multidrug resistant (MDR) traits in bacteria. In the current 
study, a total of 24 extended spectrum -lactamase (ESBL)-producing Escherichia coli isolates recovered from various environmental sources of 
Mirzapur, Uttar Pradesh were evaluated for the presence of efflux pump activity by ethidium-bromide (Et-Br) agar cartwheel method (EBACM) 
followed by the efflux pump inhibition assay (EPIA) against different antibiotics in the presence and absence of phenylalanine-arginine -

naphthylamide (PAN), a broad-spectrum efflux pump inhibitor (EPI). The difference in the zone of inhibition (ZOI) of 5 mm around the antibiotic 

discs in the presence and absence of PAN was considered as a significant change. All the isolates exhibited an efflux activity up to an Et-Br 
concentration of 1.5µg/mL. A total of 19 (79.16%) isolates revealed an MDR phenotype. An absolute resistance (100%) towards ampicillin and 
ceftriaxone was exhibited by all the isolates, followed by azithromycin (54.16%), ciprofloxacin (33.33%), kanamycin (25%), and doxycycline 
(16.66%). In the presence of PAN, a significant increase in the ZOI against azithromycin (100%) and doxycycline (76.19%) was observed. 

However, there was a reduction in ZOI against ceftriaxone, ampicillin/sulbactam, and ciprofloxacin in the presene of PAN in 70.83%, 87.5%, and 
12.5% of the isolates, respectively. The exhibition of a high degree of MDR phenotype and presence of active efflux pumps in environmental ESBL-
producing E. coli isolates is a matter of serious concern from public health point of view.

Keywords: MDR, ESBL, E. coli, Efflux pump, Et-Br agar cartwheel method, PAN
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MATERIALS AND METHODS

Determination of efflux pump activity by Ethidium-
Bromide (Et-Br) Agar Cartwheel Test (EBACT)

 A total of  24 previously characterized ESBL-producing 
E. coli isolates recovered from various environmental 
sources in and around Mirzapur, Uttar Pradesh (data not 
shown) were included in this study. The efflux pump 
activity of the ESBL-producing E. coli isolates was 
determined by the ethidium-bromide (Et-Br) agar 
cartwheel test (EBACT) as described previously (Martins 
et al., 2011). In brief, sterile Mueller Hinton Agar (MHA) 
plates with varying concentration (i.e., 0, 0.5, 1, 1.5 and 2 
µg/mL) of Et-Br were prepared. The plates were divided 
into six sections forming a cartwheel pattern. The 
overnight-grown culture of ESBL-producing E. coli 
isolates (inoculum adjusted to 0.5 McFarland standard) 
were streaked on those plates starting from the centre to the 
periphery of the plate. The plates were wrapped in 
aluminium foil and incubated overnight at 37º C and then 
observed under UV light in a gel documentation system 
(Biorad, USA). The minimum concentration of Et-Br that 
exhibited fluorescence in the streaking line (bacterial 
mass) was recorded. The E. coli ATCC 25922 was used as a 
control strain.

Antibiotic sensitivity test

 The antibiotic sensitivity test of the isolates against 7 
antibiotics (Himedia, India) representing different classes 
namely, ampicillin (penicillin), kanamycin (aminoglycoside), 
azithromycin (macrolide), ciprofloxacin (fluoroquinolone), 
ceftriaxone (cephalosporins), ampicillin/sulbactam 

(penicillin with a -lactamase inhibitor) and doxycycline 
(tetracycline) was performed as per the Kirby-Bauer disc 
diffusion method in sterile MHA plates. In brief, the plates 
were swabbed with the standard inoculum (adjusted to 0.5 
McFarland standard) of the test isolates. The above-
mentioned antibiotic discs were placed at a distance of 30 
mm centre-to-centre and the plates were incubated 
overnight at 37º C. The zone of inhibition (ZOI) around the 
discs were measured with a ruler against a bright background 
and the results were interpreted according to the CLSI 
guidelines (CLSI, 2018).

Efflux pump inhibition assay against different antibiotics

 The efflux pump inhibition assay was performed in 
the presence and absence of a broad-spectrum efflux pump 

inhibitor i.e., phenylalanine-arginine -naphthylamide 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN were prepared (Anbazhagan 
et al., 2019). The plates were swabbed with the standard 
inoculum (adjusted to 0.5 McFarland standard) of the test 
isolates. The antibiotic discs mentioned earlier were 

placed at a distance of 30 mm centre-to-centre and the 
plates were incubated overnight at 370C. A difference in 

the ZOI of 5 mm in the presence (P) and absence (A) of 

PAN around the antibiotic discs was considered significant 
for efflux pump inhibition against that antibiotic.

RESULTS AND DISCUSSION

 Determination of Efflux pump activity in the ESBL-
producing E. coli isolates by Et-Br agar cartwheel test 
(EBACT).

 In this study, all the ESBL-producing E. coli isolates 
(100%) exhibited an efflux activity (absence of fluorescence) 
at an Et-Br concentration of 1.5 µg/mL indicating the 
presence and expression of active efflux pumps in those 
isolates. Fluorescence was exhibited by the isolates at an 

Et-Br concentration  2 µg/mL (Fig. 1). Ethidium bromide 
is considered as a common substrate of efflux pump in 
Enterobacteriaceae (Schumacher et al., 2007) and has 
been used to assess the intrinsic efflux activity in E. coli 
(Amaral et al., 2014). The efflux pumps are generally 
involved in the extrusion of harmful chemicals (like Et-Br) 
and toxic metabolites from the bacterial cells (Anbazhagan 
et al., 2019).

Antibiogram of the isolates

 A total of 19 (79.16%) isolates revealed a multi-drug 
resistant (MDR) phenotype, i.e., these were resistant to 
three or more than three classes of antibiotics used in the 
study. An absolute resistance (100%) towards ampicillin 
and ceftriaxone was exhibited by all the isolates. This was 
in concordance to the study of Yadav et al. (2021) in which 
78 % of the ESBL E. coli and Klebsiella isolates recovered 
from milk and faecal samples of buffaloes collected in 
Ayodhya and Sultanpur district of Uttar Pradesh were 
observed to be MDR. Resistance towards azithromycin 
was observed in 54.16% of isolates followed by ciprofloxacin 
(33.33%), kanamycin (25%) and doxycycline (16.66%). 
All the non-MDR isolates (n=5) were sensitive to 
azithromycin and doxycycline (Fig. 2). The presence of 
functional efflux pumps as observed in EBACT may be 
involved in the emergence of MDR traits in these isolates. 
It has been reported that, the emergence of MDR 
phenotypes is linked to the overexpression of efflux pumps 
(Huang et al., 2022). The efflux of different antibiotics was 

evaluated in the presence and absence of PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, the difference in the ZOI of 

5 mm against azithromycin was evident in all the isolates 
(100%), whereas, that against doxycylcine was observed 
in 19 (76.19%) isolates (Table 1). This suggests an over 
expression of efflux pumps in acquisition of resistance 
towards these antibiotics. It also indicates that azithromycin 
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and doxycycline are the substrates for the efflux pumps 
present in these isolates. Also, it was well documented that, 

PAN reverts the bacterial resistance towards tetracyclines 
(e.g., doxycycline) and macrolides (e.g. azithromycin) in 
comparison to other EPIs (Kern et al., 2006). Moreover, in 
all the azithromycin and doxycycline-resistant isolates 
under this study, the resistant status changed from resistant 

to sensitive in the presence of PAN against these two 
antibiotics.

 The contribution of PAN-inhibited efflux pumps 

towards ciprofloxacin (a quinolone) resistance was observed 
in 16 isolates in our study (Table 1). This was in agreement 
with a study in which, a 4-32-fold decrease in the MIC of 

nalidixic acid (a quinolone) in the presence of PAN among 

ESBL-producing E. coli isolates recovered from rivers and 
lakes in Switzerland was observed (Zurfluh et al., 2014). In 

another study, a 4-fold decrease in the MIC of ciprofloxacin 

in 7 of the 17 K. pneumoniae isolates were documented 
(Vera-Leiva et al., 2018). Additional mechanisms like 
mutation in DNA gyrase, plasmid-mediated quinolone 

resistance or decreased uptake of quinolones due to loss of 
membrane bound porins may contribute towards 
ciprofloxacin resistance (Bush et al., 2020).

 However, there was a reduction in ZOI against 
ceftriaxone, ampicillin/sulbactam and ciprofloxacin in 
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Fig. 2. Antibiogram of ESBL-producing E. coli isolates recovered 
from environmental sources of Mirzapur, Uttar Pradesh 
(Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: 
Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam)
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Fig. 1. Determination of efflux pump activity in ESBL-producing E. coli isolates at various concentrations of Et-Br by the ethidium-bromide (Et-Br) 
agar cartwheel method
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presene of PAN in 17 (70.83%), 21 (87.5%) and 3 (12.5%) 

isolates, respectively (Table 1). It can be assumed that, 
along with the production of ESBLs by these isolates, an 

increased efflux of ceftriaxone in presence PAN might 

have resulted in the decrease of ZOI against that antibiotic. 
This is in agreement with a study where, a higher efflux 

activity of cephalosporins in the presence of PAN in E. 

coli was reported which might be attributed to different 
binding sites of cephalosporins in the large binding pocket 
of the RND efflux pump (Kinana et al., 2013). In a study, 

the -lactamase inhibitors like clavulanate and sulbactam 

were found to be the substrates for the MexAB-OprM 
multi-drug efflux system in Pseudomonas aeruginosa (Li 
et al., 1998; Nakae et al., 2000). In another study, it was 

observed that, the PAN treatment reduced the intracellular 

level of AmpC -lactamase in P. aeruginosa. Even at a 

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

accumulation of AmpC -lactamases (Lamers et al., 2013). 

Further, PAN is also considered as a competitive inhibitor 

of RND efflux pumps (Viveiros et al., 2008) and in low 
concentration, it inhibits AcrAB and AcrEF efflux system 

(Misra et al., 2015). All these factors may explain why 
there was a reduction in the ZOI of ampicillin/sulbactam in 

presence of PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

efflux pump activity towards ampicillin resistance was 
observed, as there was no change in the ZOI in the presence 

of PAN in any of the studied isolates. Although, efflux 

activity by EBACT is complimentary to the EPIA, it may 
not be true that same efflux activity will be expected for Et-
Br and other antibiotics (Anbazhagan et al., 2019). It has 

been reported that, PAN doesn’t affect the efflux of all 

antibiotics, suggesting a different binding site of antibiotics 
to the efflux pumps (Schneiders et al., 2003) or a different 
mechanism of resistance towards that antibiotic.

 The efflux pumps are one of the mechanisms, but not 
always the only mechanism of antimicrobial resistance in 
bacteria. The EPIs usually show promising results against 
the efflux pumps when used alongside an antibiotic. Also, 
it requires a higher concentration of EPI for the competitive 
inhibition of substrate binding site with that of the antibiotics. 
Some antibiotics may have a different substrate binding 
site other than that of EPIs in the efflux pump. All these 

Table 1. Evaluation of efflux pump inhibition assay in the ESBL-producing E. coli isolates in the presence (P) and absence 
(A) of PAN against different antibiotics

Isolate id Differences (P-A) in ZOI (in mm) in the presence (P) and absence (A) of PAN

 AZM CTR DO AMP CIP K A/S

MH1a 6 -4 5 0 9 0 -1
MH3b 8 0 7 0 1 2 -7
MH4a 8 -1 3 0 0 0 -3
MH4b 8 0 4 0 1 2 1
MH4c 7 -3 2 0 2 0 -4
MH5a 6 -2 5 0 3 0 -12
MH5b 7 -4 1 0 2 0 -4
MH5c 7 -3 3 0 1 2 -6
MH6a 9 0 5 0 -8 3 -7
MH6b 7 0 6 0 0 1 0
MH6c 8 -2 5 0 1 1 -3
MH7a 9 -2 5 0 3 2 -5
MH7b 5 0 6 0 2 0 0
MH7c 7 -2 5 0 2 1 -4
MW2c 7 -3 5 0 0 2 -8
MW3b 7 -4 5 0 0 1 -8
MW4a 5 -1 4 0 2 0 -5
MC1b 8 -3 7 0 4 2 -6
MC2c 9 -3 5 0 2 1 -6
MC3b 6 0 5 0 0 0 -6
MC4a 5 -2 5 0 -11 1 -8
MC4b 8 -1 5 0 3 1 -7
MC5c 8 0 5 0 -7 1 -5
MC6a 6 -2 5 0 4 3 -5
E. coli ATCC 25922 8 -1 5 0 1 1 0

Abbreviations: AZM: Azithromycin, CTR: Ceftriaxone, DO: Doxycycline, AMP: Ampicillin, CIP: Ciprofloxacin, K: Kanamycin, 
A/S: Ampicillin/Sulbactam
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factors greatly narrow the spectrum of an EPI, thereby 
making it specific for particular substrates. However, it is 
extremely difficult to find an EPI that inhibits multiple 
antibiotics at different binding sites of an efflux pump 
(Misra et al., 2015).

CONCLUSION

 The current study demonstrates a simple and effective 
way for detecting efflux pump activity in ESBL-producing 
E. coli isolates by the EBACM which revealed the 
presence of active efflux pumps in all the isolates. The 
EPIA revealed a significant efflux activity by the isolates 
for azithromycin and doxycycline compared to other 
classes of antibiotics. However, the efflux activity for 

different antibiotics varied in the presence of PAN, which 

suggests the presence of other potential resistance 
mechanisms or different binding sites of the antibiotics and 

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.
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 Babesiosis is a tick-borne disease in dogs caused by 
haemoprotozoan parasite (Yadav et al., 2021; Sangeetha et 
al., 2022; Gowtham et al., 2022). Babesia canis vogeli 
(large form) and Babesia gibsoni (small form) babesia are 
the most commonly reported species in dogs from India 
(Reddy et al., 2022). During the course of the disease, 
anaemia produces hypoxia and the resulting myocarditis 
can induce arrhythmias  and abnormal i t ies  in 
electrocardiography (Reddy et al., 2022). Hence in the 
present case a thorough investigation was aimed at 
observing various clinico-haemato-biochemical and ECG 
alterations of Babesia infection in canines.

 A Dachshund female (Fig. 2) of 9 years of age was 
presented to VCC, Navania, Udaipur for treatment. Both 
peripheral blood and whole blood were drawn for blood 
smear examinations and different blood parameters 
respectively. Blood samples were taken using EDTA vials 
so that plasma could be extracted for biochemical analysis. 
Plasma concentrations of aspartate amino transferase 
(AST), alanine aminotransferase (ALT), blood urea 
nitrogen (BUN) and glucose were determined by bio-
chemistry auto-analyzers (BIO-CHEMISTRY AUTO 
ANALYZER CAT No. BGS-246). ECG was recorded with 
a paper speed of 50 mm/sec. Tilley's (1992) guidelines 
were followed for the interpretation of electrocardiograms. 
The bitch was already dewormed.

 On clinical examination, congested mucous 
membrane with elevated temperature (105 ºF), pulse rate 
(108 bpm) and respiration rate (27 breaths/min). Pupillary 
light reflex and menace reflex were sluggish. Babesiosis 
was confirmed as a diagnosis by showing the parasites 

within the infected erythrocytes in thin blood smears 
stained with Giemsa. Their morphology is pyriform. The 
serum haematological parameters showed neutrophilia 

3(91%), leukocytosis (39.7×10 /µL) and lymphocytopenia 
(7%). The haematological findings were in accordance 
with Bilwal et al., 2017. Serum biochemistry revealed 
elevations in the levels of ALT (291.7 IU/L), AST (249.2 
IU/L), BUN (76.6 mg/dL) and glucose (389.57). These 
findings were similar to the previous finding of study by 
Mittal et al. (2019) and Sahu et al. (2020) found that the 
affected dogs had increases in ALT, AST and BUN. On 
faecal examination no parasitic ova were seen.

  Electrocardiographic studies revealed (Fig. 3) 
prolonged P wave duration (P mitrale or 0.06 sec) which 
was in contrast to normal P wave duration which is 0.04 
sec, T wave amplitude was greater than 25% of R wave 
amplitude (0.45 mV), absence of Q wave and ST coving 
(Sahoo et al., 2022).

 Bitch was treated with Inj. Diminazene aceturate @ 
5mg/kg b.wt. deep intramuscularly along with Tablet 
furosemide+spironolactone, Tablet Lisybin (S-adenosyl 
methionine and Silybin A+ B), Tablet Nefrotec + Pow. 
Nefrotec and losartas, at 25 mg. Cardiac dysfunction in 
canine babesiosis is considered a rare complication 
(Gowtham et al., 2022). Prolong P wave (P-mitrale) was 
seen due to following of haemodynamic disturbances to 
the left atrium that damaged the cells (Shahoo et al., 2021; 
Reddy et al., 2022). After the formation of the P wave a flat 
base line indicated the absence of the Q wave on ECG 
graph. The tall T wave was recognized by amplitude of T 
wave more than R/4 amplitude and it was associated with 
hyperkalemia (more than 5.5 mEq/L) (Chaudhuri et al., 

SUMMARY

 A 9 year old female Dachshund was presented with a complaint of fever, vomiting and a distended abdomen. Microscopic examination 
revealed presence of large form of Babesia spp. The haematological examination revealed anemia, thrombocytopenia and increase in number of 
circulating reticulocytes-biochemical examination revealed elevations in the levels of ALT (291.7 IU/L), AST (249.2 IU/L), BUN (76.6 mg/dL) and 
glucose (389.57). The study was also conducted to observe ECG changes associated with Canine babesiosis due to cardiac, hepatic and renal 
dysfunctions. The bitch was treated with diminazene aceturate but the patient showed no signs of recovery and passed on the following day.
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2017). ST coving was diagnosed as a delayed return to 
baseline in the ST segment or curved terminal upstroke of 
S wave or displacement of the ST segment in the opposite 
direction of QRS deflection, ST coving associated with 
endocardial ischaemic changes (Sahoo et al., 2021; 
Gowtham et al., 2022). The present data of the study 
indicates that canine babesiosis can affect the cardiac 
tissues resulting in ECG changes.

 Canine babesiosis infection which is commonly 
observed in dogs may affect vital organs including heart 
and the early diagnosis will be helpful to prevent multi 
organ failure due to this infection. The cardiac dysfunction 
due to canine babesiosis is considered as a rare 
complication, but it was visible in this case. In current 
investigation we could not save the life of animal as there 
was a delay in the treatment of disease and the case was not 
timely reported by the owner. This paper will be useful for 
early diagnosis of cardiac dysfunction associated with 
canine babesiosis infection and this will help in saving the 
lives of dogs.
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 The term “canine transmissible sarcoma” refers to 
another term for the naturally occurring contagious tumour 
in dogs, which is commonly identified as a cauliflower-
like, pedunculated, nodular, papillary growth that is most 
commonly found in the vestibule (95.6% of cases) and less 
frequently in the vagina (44.5%) or, in females, invading 
the vulvar lips (18.6%) (Ayala et al., 2017). Chemotherapy 
is the most popular and successful treatment for CTVT and 
intravenous (IV) vincristine given once weekly for about 
three weeks at a dose of 0.025 mg/kg has shown promising 
results (Amber et al., 1990). Pregnancy-related adverse 
effects of chemotherapy are linked to a higher incidence of 
teratogenesis and abortions (Ayala et al., 2017). 
Nonetheless, many of human case reports have 
demonstrated the comparatively safe application of these 
agents during advanced gestation (Wiebe et al., 1994).

 A two years old female Pomeranian dog weighing 
10.6 kg was brought to department of Veterinary 
Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with the history of 
mating two month back and with complaint of growth 
around vulvar lips since 5 days. On clinical examination, 
animal was active, all physiological parameters were 
within normal range. The abdomen was found to be 
distended and on abdominal palpation fetal structures were 
palpable. On per vaginal examination cauliflower-like 
growth was palpable around clitoris and vulvar lips (Fig. 
1). Impression smear of nodular growthwastaken and 

subjected for cytology. Giemsa's stain revealed multiple 
cytoplasmic vacuolated cells which confirm the presence 
of CTVT (Fig. 2). Multiple viable fetuses with mean head 
diameter 54±2 days and fetal heart rate 240±2 beats per 
minute were detected by transabdominal ultrasonography 
(Fig. 3). First dose of vincristine @ 0.025 mg/kg body 
weight intravenously was administered and followed by 
two more doses at weekly interval alongwith supportive 
treatment (Singh et al., 2019). Mother delivered live and 
healthy puppies after initial treatment of vincristine and 
animal recovered completely with no palpable growth 
after three doses (Fig. 4).

 CTVT is a commonly occurring neoplasm in dogs 
living in tropical and subtropical areas, affecting mostly 
breeding-age dogs (Ortega et al., 2003) and shows a good 
response to vincristine based chemotherapeutic treatment 
(Ozalp et al., 2012). Vinca alkaloids have very poor 
penetration through the blood-brain barrier and may not be 
able to cross some barriers, such as the blood-placental 
barrier, due to their high protein binding (>99%) and even 
at non-cytotoxic concentrations, the foetus can only be 
barely impacted by the alkaloids (Dc, 1989). If the 
condition of TVT is very severe during any stage of 
pregnancy, chemotherapy should becomethe first choice 
of treatment. Effect of vincristine sulphate on developing 
fetus in canines may not cause any detrimental effect 
because duration of pregnancy in dogs is two months. 
Chemotherapy with cytotoxic anticancer medications 
during the first trimester might result in congenital 

SUMMARY

 A female Pomeranian dog aged 2 years presented to department of Veterinary Gynaecology and Obstetrics, Veterinary College, Hebbal, 
Bengaluru for pregnancy diagnosis with history of crossed two months back and with growth around vulvar lips since 5 days. On clinical 
examination, all physiological parameters were within normal range, abdomen was distended and cauliflower-like growthwas noticed around vulvar 
lips. Cytology confirmed the presence of transmissible venereal tumor (TVT). Transabdominal ultrasonography revealed presence of multiple viable 
intrauterine fetuses. Animal had given first dose of vincristine @ 0.025 mg/kg body weight total dose. After a week pet was presented for followup 
with history of delivered five live healthy puppies normally and there was considerable reduction in the size of cauliflower-like growth. 
Subsequently, two doses of vincristine were given and animal was completely recovered. This case report gives the successful management of TVT 
using vincristine in advanced gestation.

Keywords: Advanced gestation, Female dog, TVT, Vincristine sulphate
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Fig. 1. Before treatment

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

Fig. 2. Impression smear of vulvar lips showing presence multiple 
cytoplasmic vacuolated cells indicative of TVT

Fig. 4. After Treatment

abnormalities in about 20% of instances; therefore, it 
should be avoided (Azim et al., 2010). However, 
Miyamoto et al. (2016) has reported that if the mother and 
foetalsafety and long-term effects are sufficiently taken 
into account and if chemotherapy is found to be necessary, 
chemotherapy can be given from second trimester 
onwards.

 It is important to note that there is limited 
information about the unusual combination of advanced 
pregnancy and transmissible venereal tumor in female 
dogs and can be managed by using vincristine sulphate. 
However, further studies required to record the effect of 

vincristine during different stages of pregnancy in canines. 
Since there was severe bleeding from the TVT lesions and 
chances of attraction of flies which further led to formation 
of maggot wound and hence treatment was initiated 
immediately with vincristine sulphate by following all 
possible precautions.
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