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 Milk is a large part of the human food plan and it has 
a crucial role to play in food. The presence of pathogenic 
microorganism in milk is of significant public health 
challenge. Milk is an ideal medium for the speedy 
multiplication of microorganism, particularly in 
unhygienic manufacturing and storage. Escherichia coli 
and Klebsiella pneumoniae are people and animals’ 
opportunistic pathogens, liable for a huge variety of 
infections. Since 2000, the European Antimicrobial 
Resistance Surveillance community has stated a constant 
boom in the number of invasive E. coli and Klebsiella 
pneumonia isolates resistant against third and fourth-
generation cephalosporins. Beta-lactams antibiotics forms 
one of the crucial groups of antimicrobial agents in 
veterinary and human therapeutics and are the drug of 
choice for some established practices, together with dry 
cow therapy in dairy animals. Presence of ESBL producing 
Enterobacteriaceae bacteria in milk may become an 
important issue promoting the emergence, selection and 
spreading of antibiotic-resistant microorganisms in 
veterinary and human medication. The expansion of 
bacterial resistance because of the misuse of antibiotics 
especially inside the dairy animals can carry perilous 
outcomes for the animals in addition to people therefore 
new safe biological alternatives to antibiotics are urgently 

needed. The most successful options include antimicrobial 
proteins, bacteriophages, probiotics, and plant-based 
materials (Kovacevic et al., 2021) Spices, herbs, and their 
components are usually known as safe (GRAS) and 
approved through several regulatory agencies consisting 
of US food and Drug Act, the European Union standards, 
Codex Alimentarius, and food safety and standards 
Authority of India (Dhiman et al., 2015).

 Several spices, such as clove, turmeric, oregano, 
thyme, cinnamon, fenugreek seeds are used to treat 
infectious conditions, due to their antimicrobial activities 
against morbific and spoilage fungi and bacteria. 
Furthermore, the secondary metabolites of the spices are 
recognized as antimicrobial agents, therefore, spices could 
be used to develop new antimicrobial agents against 
animals and human pathogens. Looking into the present 
scenario this study was undertaken.

MATERIAL AND METHODS

Isolation of ESBL producing E. coli bacteria

 An over-all of 100 milk samples were collected from 
apparently healthy cattle of various dairy farms for 
isolation of ESBL producing E. coli bacteria. The milk 
samples were selectively enriched in tryptone soy broth (9 
ml TSB per 1 ml milk sample; supplemented with 
cefotaxime and aztreonam 2 μg/ml ,4 μg/ml, respectively). 
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ABSTRACT

 The present study was undertaken to observe the effect of spices on the extended-spectrum beta- lactamase enzyme of ESBL producing E. coli 
bacteria isolated from milk of apparently healthy cattle. Out of 100 samples collected randomly from various dairy farms located at different areas of 
Rewa, Madhya Pradesh, 14 samples were found to be ESBL positive yielding a positivity rate of 14%. Positive isolates were further characterized by 
the phenotypic standard methods, such as combine disc diffusion test (CDDT), double disc synergy test (DDST) and enzyme MIC strip method. 
Inhibitory potential and per cent inhibition of beta lactamase enzyme were observed against dry powder of Methi seeds (Trigonella foenum-
graecum), dry zinger, (Zingiber officinale), Ajwain seeds (Trachyspermum ammi) Kalonji seeds (Nigella sativa), Black pepper (Piper nigrum), 
Clove bud (Syzigium aromaticum) (each in a concentration of 10 mg/ml) and one test drug Tazobactum by Iodometric method. Maximum effect was 
observed for Zingiber officinale (9.10±0.40) and the minimum inhibitory potential has been shown by Syzgium aromaticum (15.67±0.45). The zone 
of inhibition observed for Piper nigrum and Nigella sativa (12.21±0.47, 11.95±0.45) gave comparatively lower per cent inhibition. The result 
exhibited that spices contain phytochemicals, which have both antimicrobial and antioxidant properties. The findings of the present study 
recommended use of spices for controlling over-usage of antibiotics and could serve as a better alternative for antimicrobials.
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sonication in an ice bath. Cellular debris separated with 
10000 rpm centrifugation for 4 minutes at 4° C. Supernatants 
containing beta lactamase enzyme were further stored in -
20° C until further use

Iodometric method/ Starch-iodine agar plate method

 Inhibitory potential and per cent inhibition of beta 
lactamase enzyme were observed against dried powder of 
Methi seeds (Trigonella foenum-graecum), dry zinger, 
(Zingiber officinale), Ajwain seeds (Trachyspermum 
ammi) Kalonji seeds (Nigella sativa), Black pepper (Piper 
nigrum), Clove bud (Syzigium aromaticum). Dry powder 
of each spice was freshly prepared in triple glass distilled 
water (100 mg/ml), filter sterilized with 0.2 micron filter 
further diluted to get a final concentration of 10 mg/ml.

Preparation of Starch iodine plate- Plates were prepared 
by pouring 60 ml of hot starch agar solution composed of 
1.2 g of agar powder, 300 mg of soluble starch and 60 ml of 
distilled water, to hot agar solution 0.5 ml of iodine 
solution (5 g iodine,15 g potassium iodide and 100 ml of 
distilled water) was immediately added into the plate 
(iodine in the presence of beta lactamase enzyme and 
penicillin form colourless complex in the form of zone of 
inhibition). 5 mm diameter 4 wells were punched in the 
starch-iodine plates with sterile stainless-steel cork borer 
(Himedia). One well filled with 100 μl of phosphate buffer 
solution (0.05 M, pH 7.0) as negative control. Second well 
with 50 μl of crude β-lactamase solution (as mentioned 
previously) with 50 μl of phosphate buffer solution (0.05 
M, pH 7.0) served as a positive control, 50 μl of crude β-
lactamase solution and 50 μl of Tazobactum in the third 
well (standard β-lactamase inhibitor), while fourth well 
contained 50 μl of crude β-lactamase solution and 100 μl of 
spices solution (10 mg/ml). In each well 100 μl penicillin G 
(50 mg/ml) was added after 10 minutes as an enzyme 
inducer. After incubation at 35° C for 30 min the diameter 
(mm) of the transparent zones was measured including the 
diameter (5 mm) of well. The experiments were carried out 
for 6 samples in triplicates with all the spices individually 
as well as in combination.

MIC of the spices powder

 MIC of the spices powder was determined using 
serial tube dilution technique as per the method described 
by CLSI guidelines (CLSI, 2019), for antibiotics. Aqueous 
solution (containing distilled water) of the spice powders 
were prepared and serially diluted in the range of 1 mg/ml 
to 10 mg/ml. After inoculation of the tubes with 100 µl of 
bacterial culture, the density of selected bacteria was 

8adjusted to 0.5 McFarland standard (1.5 × 10  CFU/ml) with 
sterile distilled water before use. Negative and Positive 
control was used simultaneously each time. Tazobactum 
was used as the standard drug for comparison. All the 
experiments were carried out in triplicates. The minimum 
inhibitory concentration was taken as the lowermost 

Overnight culture was streaked on selective agar media 
(Tryptone bile glucuronic acid, cefotaxime 2 μg/ml and 
aztreonam 4 μg/ml) to isolate ESBL producing E. coli 
bacteria. The plates were incubated overnight at 42 °C. 
Presence of E. coli was further confirmed through 16s 
rRNA PCR.

Procedure for 16s rRNA PCR

 The single blue green colony was picked up and 
isolation of DNA was done using Instagene Matrix as per 
the manufacturer's instruction. The E. coli was identified 
using 16S rRNA primers as per the method of Shailesh et 
al. (2013). The 50 µl PCR reaction was performed using 
2X DreamTaq green master mix with 25 pmol of primers 
and 2 µl of DNA. The PCR amplification conditions were; 
denaturation for 10 min at 94° C, 30 cycles of 40 s at 94° C, 
40 s at 60° C and 1 min at 72° C then final extension of 7 
min at 72° C. 5 µl of the amplified PCR product was 
electrophoresed on a 2% agarose gel in Tris-borate-EDTA 
buffer (TBE) containing ethidium bromide (0.5 µg/ml). 
Primers used were F-TGGGAACGGCGAGTCGGA 
ATAC; R -GGG CGC AGG GGA TGA AAC TCA AC and 
product size of 1467bp.

Phenotypic Characterization

Double Disc Synergy Test (DDST) - Amoxicillin-clavulanic 
acid disc (Hi media) was placed in between two cefotaxime 
disc next to a distance of 20 mm from centre in the agar 
plates. Augmentation of the inhibition zones around any of 
the cefotaxime discs towards amoxicillin-clavulanic acid 
indicated a positive result (Garrec et al., 2011).

Ezy MIC strip test - Cefotaxime and Cefotaxime and 
clavulanic acid E strip (Hi media make) were used. In case 
of MIC ratio ≥ 8 or deformed ellipse present around Cefotaxime 
+ clavulanic acid, test was positive (Garrec et al., 2011).

Combination Disc Diffusion Test (CDDT) - cefotaxime 
30 μg discs (Himedia) and in combination with clavulanic 
acid (30-10 μg placed at a particular distance as per the 
method described by Garrec et al. (2011).

Inhibitory potential of spices on extended spectrum 
beta lactamase enzyme

 Positive isolates were later subjected to the inhibitory 
potential study of spices on the beta-lactamase enzyme 
isolated as previously described by Yang et al. (2009) with 
slight modifications.

Isolation of beta lactamase enzyme:

 Bacterial culture kept overnight inoculated in broth 
for 2 h at 35° C in a rotary shaker, further incubated for an 
additional 4 h. after addition of Inducer (Penicillin-G 400 
μg/ml). After centrifugation cell pellets resuspended and 
washed with potassium phosphate buffer (0.05 M, pH 7.0) 
at 4° C. Bacteria in the cell pellet was again centrifuged and 
then re-suspended in the same buffer with 10-fold 
concentration and then disruption of bacteria by 5 minutes 
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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 (PAN), 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 (PAN) 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 

PAN 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 (PAN), 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 PAN 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 PAN, 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 PAN 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, PAN
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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 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN 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 

PAN 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 PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, 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, 

PAN 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 PAN against these two 
antibiotics.

 The contribution of PAN-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 PAN 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)

0 g/ml

1.5 g/ml

0.5 g/ml

2 g/ml

1 g/ml

2.5 g/ml

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 PAN 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 PAN 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 PAN 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 PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN 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 PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

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

of PAN 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, PAN 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 PAN against different antibiotics

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

 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 PAN, which 

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

PAN 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.

REFERENCES
Amaral, L., Martins, A., Spengler, G. and Molnar, J. (2014). Efflux 

pumps of Gram-negative bacteria: What they do, how they do it, 
with what and how to deal with them. Front. Pharmacol. 4: 168.

Anbazhagan, P.V., Thavitiki, P.R., Varra, M., Annamalai, L., Putturu, R., 
Lakkineni, V.R. and Pesingi, P.K. (2019). Evaluation of efflux 
pump activity of multidrug-resistant Salmonella Typhimurium 
isolated from poultry wet markets in India. Infect. Drug Resist. 
12: 1081-1088.

Blanco, P., Hernando-Amado, S., Reales-Calderon, J.A., Corona, F., Lira, 
F., Alcalde-Rico, M., Bernardini, A., Sanchez, M.B. and Martinez, 
J.L. (2016). Bacterial multidrug efflux pumps: Much more than 
antibiotic resistance determinants. Microorganisms. 4(1): 14.

Bush, N.G., Diez-Santos, I., Abbott, L.R. and Maxwell, A. (2020). 
Quinolones: Mechanism, lethality and their contributions to 
antibiotic resistance. Molecules. 25(23): 5662.

CLSI (2018). Performance Standards for Antimicrobial Susceptibility 
thTesting. CLSI supplement M100. (28  Edn.). Wayne, PA: Clinical 

and Laboratory Standards Institute, Wayne, PA. Accessed on 
24.01.2024.

Huang, L., Wu, C., Gao, H., Xu, C., Dai, M., Huang, L., Hao, H., Wang, X. 
and Cheng, G. (2022). Bacterial Multidrug Efflux Pumps at the 
Frontline of Antimicrobial Resistance: An Overview. Antibiotics. 
11(4): 520.

Kern, W.V., Steinke, P., Schumacher, A., Schuster, S., von Baum, H. and 
Bohnert, J.A. (2006). Effect of 1-(1-naphthylmethyl)-piperazine, 
a novel putative efflux pump inhibitor, on antimicrobial drug 
susceptibility in clinical isolates of Escherichia coli. J. Antimicrob. 
Chemother. 57(2): 339-343.

Kinana, A.D., Vargiu, A.V. and Nikaido, H. (2013). Some ligands enhance 
the efflux of other ligands by the Escherichia coli multidrug 
pump AcrB. Biochemistry. 52(46): 8342-8351.

Lamers, R.P., Cavallari, J.F. and Burrows, L.L. (2013). The Efflux 

Inhibitor Phenylalanine-Arginine Beta-Naphthylamide (PAN) 
Permeabilizes the Outer Membrane of Gram-Negative Bacteria. 
PLoS ONE. 8(3): e60663.

Li, X.-Z., Zhang, L., Srikumar, R. and Poole, K. (1998). Betalactamase 
inhibitors are substrates for the multidrug efflux pumps of 
Pseudomonas aeruginosa. Antimicrob. Agents Chemother. 42: 
399-403.

Manoj, Prejit, M., Vergis, J., Vinod, V.K., Asha, K. and Yadav, V. (2023). 
Occurrence of extended spectrum betalactamase producing 
Escherichia coli and Salmonella spp. in houseflies infesting 
farm and non-farm premises in Wayanad, Kerala, India. Haryana 
Vet. 62(1): 42-45.

Martins, M., Viveiros, M., Couto, I., Costa, S.S., Pacheco, T., Fanning, 
S., Pagès, J.M. and Amaral, L. (2011). Identification of efflux 
pump-mediated multidrug-resistant bacteria by the ethidium 
bromide-agar cartwheel method. In Vivo. 25(2): 171-178.

Misra, R., Morrison, K.D., Cho, H.J. and Khuu, T. (2015). Importance 
of real-time assays to distinguish multidrug efflux pump-
inhibiting and outer membrane-destabilizing activities in 
Escherichia coli. J. Bacteriol. 197(15): 2479-2488.

Nakae, T., Saito, K. and Nakajima, A. (2000). Effect of sulbactam on 

anti-pseudomonal activity of -lactam antibiotics in cells 
producing various levels of the MexAB-OprM efflux pump and 

-lactamase. Microbiol. Immunol. 44(12): 997-1001.

Schneiders, T., Amyes, S.G.B. and Levy, S.B. (2003). Role of AcrR and 
RamA in fluoroquinolone resistance in clinical Klebsiella 
pneumoniae isolates from Singapore. Antimicrob. Agents 
Chemother. 47(9): 2831-2837.

Schumacher, A., Trittler, R., Bohnert, J.A., Kümmerer, K., Pagès, J.M. 
and Kern, W.V. (2007). Intracellular accumulation of linezolid 
in Escherichia coli, Citrobacter freundii and Enterobacter 
aerogenes: Role of enhanced efflux pump activity and 
inactivation. J. Antimicrob. Chemother. 59(6): 1261-1264.

Sharma, A., Gupta, V.K. and Pathania, R. (2019). Efflux pump inhibitors 
for bacterial pathogens: From bench to bedside. Indian J. Med. 
Res. 149(2): 129-145.

Vera-Leiva, A., Carrasco-Anabalón, S., Lima, C.A., Villagra, N., 
Domínguez, M., Bello-Toledo, H. and González-Rocha, G. 

(2018). The efflux pump inhibitor phenylalanine-arginine -

naphthylamide (PAN) increases resistance to carbapenems in 
Chilean clinical isolates of KPC-producing Klebsiella pneumoniae. 
J. Glob. Antimicrob. Resist. 12: 73-76.

Viveiros, M., Martins, M., Couto, I., Rodrigues, L., Spengler, G., Martins, 
A., Kristiansen, J., Molnar, J. and Amaral, L. (2008). New Methods 
for the Identification of Efflux Mediated MDR Bacteria, 
Genetic Assessment of Regulators and Efflux Pump Constituents, 
Characterization of Efflux Systems and Screening for Inhibitors 
of Efflux Pumps. Curr. Drug Targets. 9(9): 760-778.

Weston, N., Sharma, P., Ricci, V. and Piddock, L.J.V. (2018). Regulation 
of the AcrAB-TolC efflux pump in Enterobacteriaceae. Res. 
Microbiol. 169(7-8): 425-431.

Yadav, V., Joshi, R.K., Joshi, N., Kumar, A. and Singh, S. (2021). Status 
of multidrug resistance among ESBL producing E. coli and 
Klebsiella spp. isolates of buffalo origin in eastern plain zone of 
Uttar Pradesh. Haryana Vet. 60(2): 208-212.

Zurfluh, K., Abgottspon, H., Hachler, H., Nuësch-Inderbinen, M. and 
Stephan, R. (2014). Quinolone resistance mechanisms among 
Extended-Spectrum Beta-Lactamase (ESBL) producing 
Escherichia coli isolated from rivers and lakes in Switzerland. 
PLoS ONE, 9(4): e95864.

165

 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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 Milk is a large part of the human food plan and it has 
a crucial role to play in food. The presence of pathogenic 
microorganism in milk is of significant public health 
challenge. Milk is an ideal medium for the speedy 
multiplication of microorganism, particularly in 
unhygienic manufacturing and storage. Escherichia coli 
and Klebsiella pneumoniae are people and animals’ 
opportunistic pathogens, liable for a huge variety of 
infections. Since 2000, the European Antimicrobial 
Resistance Surveillance community has stated a constant 
boom in the number of invasive E. coli and Klebsiella 
pneumonia isolates resistant against third and fourth-
generation cephalosporins. Beta-lactams antibiotics forms 
one of the crucial groups of antimicrobial agents in 
veterinary and human therapeutics and are the drug of 
choice for some established practices, together with dry 
cow therapy in dairy animals. Presence of ESBL producing 
Enterobacteriaceae bacteria in milk may become an 
important issue promoting the emergence, selection and 
spreading of antibiotic-resistant microorganisms in 
veterinary and human medication. The expansion of 
bacterial resistance because of the misuse of antibiotics 
especially inside the dairy animals can carry perilous 
outcomes for the animals in addition to people therefore 
new safe biological alternatives to antibiotics are urgently 

needed. The most successful options include antimicrobial 
proteins, bacteriophages, probiotics, and plant-based 
materials (Kovacevic et al., 2021) Spices, herbs, and their 
components are usually known as safe (GRAS) and 
approved through several regulatory agencies consisting 
of US food and Drug Act, the European Union standards, 
Codex Alimentarius, and food safety and standards 
Authority of India (Dhiman et al., 2015).

 Several spices, such as clove, turmeric, oregano, 
thyme, cinnamon, fenugreek seeds are used to treat 
infectious conditions, due to their antimicrobial activities 
against morbific and spoilage fungi and bacteria. 
Furthermore, the secondary metabolites of the spices are 
recognized as antimicrobial agents, therefore, spices could 
be used to develop new antimicrobial agents against 
animals and human pathogens. Looking into the present 
scenario this study was undertaken.

MATERIAL AND METHODS

Isolation of ESBL producing E. coli bacteria

 An over-all of 100 milk samples were collected from 
apparently healthy cattle of various dairy farms for 
isolation of ESBL producing E. coli bacteria. The milk 
samples were selectively enriched in tryptone soy broth (9 
ml TSB per 1 ml milk sample; supplemented with 
cefotaxime and aztreonam 2 μg/ml ,4 μg/ml, respectively). 
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ABSTRACT

 The present study was undertaken to observe the effect of spices on the extended-spectrum beta- lactamase enzyme of ESBL producing E. coli 
bacteria isolated from milk of apparently healthy cattle. Out of 100 samples collected randomly from various dairy farms located at different areas of 
Rewa, Madhya Pradesh, 14 samples were found to be ESBL positive yielding a positivity rate of 14%. Positive isolates were further characterized by 
the phenotypic standard methods, such as combine disc diffusion test (CDDT), double disc synergy test (DDST) and enzyme MIC strip method. 
Inhibitory potential and per cent inhibition of beta lactamase enzyme were observed against dry powder of Methi seeds (Trigonella foenum-
graecum), dry zinger, (Zingiber officinale), Ajwain seeds (Trachyspermum ammi) Kalonji seeds (Nigella sativa), Black pepper (Piper nigrum), 
Clove bud (Syzigium aromaticum) (each in a concentration of 10 mg/ml) and one test drug Tazobactum by Iodometric method. Maximum effect was 
observed for Zingiber officinale (9.10±0.40) and the minimum inhibitory potential has been shown by Syzgium aromaticum (15.67±0.45). The zone 
of inhibition observed for Piper nigrum and Nigella sativa (12.21±0.47, 11.95±0.45) gave comparatively lower per cent inhibition. The result 
exhibited that spices contain phytochemicals, which have both antimicrobial and antioxidant properties. The findings of the present study 
recommended use of spices for controlling over-usage of antibiotics and could serve as a better alternative for antimicrobials.
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sonication in an ice bath. Cellular debris separated with 
10000 rpm centrifugation for 4 minutes at 4° C. Supernatants 
containing beta lactamase enzyme were further stored in -
20° C until further use

Iodometric method/ Starch-iodine agar plate method

 Inhibitory potential and per cent inhibition of beta 
lactamase enzyme were observed against dried powder of 
Methi seeds (Trigonella foenum-graecum), dry zinger, 
(Zingiber officinale), Ajwain seeds (Trachyspermum 
ammi) Kalonji seeds (Nigella sativa), Black pepper (Piper 
nigrum), Clove bud (Syzigium aromaticum). Dry powder 
of each spice was freshly prepared in triple glass distilled 
water (100 mg/ml), filter sterilized with 0.2 micron filter 
further diluted to get a final concentration of 10 mg/ml.

Preparation of Starch iodine plate- Plates were prepared 
by pouring 60 ml of hot starch agar solution composed of 
1.2 g of agar powder, 300 mg of soluble starch and 60 ml of 
distilled water, to hot agar solution 0.5 ml of iodine 
solution (5 g iodine,15 g potassium iodide and 100 ml of 
distilled water) was immediately added into the plate 
(iodine in the presence of beta lactamase enzyme and 
penicillin form colourless complex in the form of zone of 
inhibition). 5 mm diameter 4 wells were punched in the 
starch-iodine plates with sterile stainless-steel cork borer 
(Himedia). One well filled with 100 μl of phosphate buffer 
solution (0.05 M, pH 7.0) as negative control. Second well 
with 50 μl of crude β-lactamase solution (as mentioned 
previously) with 50 μl of phosphate buffer solution (0.05 
M, pH 7.0) served as a positive control, 50 μl of crude β-
lactamase solution and 50 μl of Tazobactum in the third 
well (standard β-lactamase inhibitor), while fourth well 
contained 50 μl of crude β-lactamase solution and 100 μl of 
spices solution (10 mg/ml). In each well 100 μl penicillin G 
(50 mg/ml) was added after 10 minutes as an enzyme 
inducer. After incubation at 35° C for 30 min the diameter 
(mm) of the transparent zones was measured including the 
diameter (5 mm) of well. The experiments were carried out 
for 6 samples in triplicates with all the spices individually 
as well as in combination.

MIC of the spices powder

 MIC of the spices powder was determined using 
serial tube dilution technique as per the method described 
by CLSI guidelines (CLSI, 2019), for antibiotics. Aqueous 
solution (containing distilled water) of the spice powders 
were prepared and serially diluted in the range of 1 mg/ml 
to 10 mg/ml. After inoculation of the tubes with 100 µl of 
bacterial culture, the density of selected bacteria was 

8adjusted to 0.5 McFarland standard (1.5 × 10  CFU/ml) with 
sterile distilled water before use. Negative and Positive 
control was used simultaneously each time. Tazobactum 
was used as the standard drug for comparison. All the 
experiments were carried out in triplicates. The minimum 
inhibitory concentration was taken as the lowermost 

Overnight culture was streaked on selective agar media 
(Tryptone bile glucuronic acid, cefotaxime 2 μg/ml and 
aztreonam 4 μg/ml) to isolate ESBL producing E. coli 
bacteria. The plates were incubated overnight at 42 °C. 
Presence of E. coli was further confirmed through 16s 
rRNA PCR.

Procedure for 16s rRNA PCR

 The single blue green colony was picked up and 
isolation of DNA was done using Instagene Matrix as per 
the manufacturer's instruction. The E. coli was identified 
using 16S rRNA primers as per the method of Shailesh et 
al. (2013). The 50 µl PCR reaction was performed using 
2X DreamTaq green master mix with 25 pmol of primers 
and 2 µl of DNA. The PCR amplification conditions were; 
denaturation for 10 min at 94° C, 30 cycles of 40 s at 94° C, 
40 s at 60° C and 1 min at 72° C then final extension of 7 
min at 72° C. 5 µl of the amplified PCR product was 
electrophoresed on a 2% agarose gel in Tris-borate-EDTA 
buffer (TBE) containing ethidium bromide (0.5 µg/ml). 
Primers used were F-TGGGAACGGCGAGTCGGA 
ATAC; R -GGG CGC AGG GGA TGA AAC TCA AC and 
product size of 1467bp.

Phenotypic Characterization

Double Disc Synergy Test (DDST) - Amoxicillin-clavulanic 
acid disc (Hi media) was placed in between two cefotaxime 
disc next to a distance of 20 mm from centre in the agar 
plates. Augmentation of the inhibition zones around any of 
the cefotaxime discs towards amoxicillin-clavulanic acid 
indicated a positive result (Garrec et al., 2011).

Ezy MIC strip test - Cefotaxime and Cefotaxime and 
clavulanic acid E strip (Hi media make) were used. In case 
of MIC ratio ≥ 8 or deformed ellipse present around Cefotaxime 
+ clavulanic acid, test was positive (Garrec et al., 2011).

Combination Disc Diffusion Test (CDDT) - cefotaxime 
30 μg discs (Himedia) and in combination with clavulanic 
acid (30-10 μg placed at a particular distance as per the 
method described by Garrec et al. (2011).

Inhibitory potential of spices on extended spectrum 
beta lactamase enzyme

 Positive isolates were later subjected to the inhibitory 
potential study of spices on the beta-lactamase enzyme 
isolated as previously described by Yang et al. (2009) with 
slight modifications.

Isolation of beta lactamase enzyme:

 Bacterial culture kept overnight inoculated in broth 
for 2 h at 35° C in a rotary shaker, further incubated for an 
additional 4 h. after addition of Inducer (Penicillin-G 400 
μg/ml). After centrifugation cell pellets resuspended and 
washed with potassium phosphate buffer (0.05 M, pH 7.0) 
at 4° C. Bacteria in the cell pellet was again centrifuged and 
then re-suspended in the same buffer with 10-fold 
concentration and then disruption of bacteria by 5 minutes 
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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 (PAN), 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 (PAN) 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 

PAN 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 (PAN), 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 PAN 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 PAN, 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 PAN 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, PAN
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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 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN 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 

PAN 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 PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, 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, 

PAN 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 PAN against these two 
antibiotics.

 The contribution of PAN-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 PAN 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 PAN 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 PAN 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 PAN 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 PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN 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 PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

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

of PAN 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, PAN 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 PAN against different antibiotics

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

 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 PAN, which 

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

PAN 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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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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concentration of spices that totally led to inhibition of 
bacterial growth in the tube as detected by unaided eye.

RESULTS AND DISCUSSION

 Out of 100 samples, 14 samples were positive for 
ESBL producing bacteria in the initial screening giving a 
positivity rate of 14%. ESBL producing bacteria were 
phenotypically characterized as per the method described 
by Garrec et al. (2011). Only E. coli was observed in the 
findings confirmed by 16s rRNA PCR. Correlating with 
the study done by Batabyal et al. (2018) in West Bengal 
wherein, ESBL producing E. coli observed prevalence rate 
of 12% in healthy animals.  Kamaruzzaman et al. (2020) 
also reported occurrence of ESBL E. coli in dairy cattle, 
milk, and farm surroundings in Malaysia, wherein only 
0.4% samples were ESBL-producing E. coli positive in 
faeces of lactating cow, 6.5% in farm samples and 16.9% 
positive in milk samples. Another study, in eastern plain 
zone of Uttar Pradesh (India) reported 59.58% isolates 
including 53.33% E. coli and 6.25% Klebsiella spp. through 
PCR, out of which 41.25% isolates were ESBL producers 
including 36.66% E. coli and 4.58% Klebsiella species by 
phenotypic confirmation (Yadav et al., 2021). In this context 
Bairwa et al. (2023) also reported serious problem of 
antimicrobial resistance resulting in treatment failure of 
bovine subclinical mastitis. Possible reasons of positivity 
rate of ESBL E. coli in our research could have been 
credited to various reasons, mostly related to milking 
hygiene and sanitation of the surroundings, proper hygiene 
and good nutritional level of mother as well as calves. Milk 
provide an ideal medium for the transmission of diseases 
caused by E. coli bacteria, its source of contamination 
could be from the milk handling system, health of udder, 
udder surface, teat and milk storing utensils. Antibiotic dry 

Table 1. Inhibitory Effect of Spices on ESBL Enzyme by Iodometric method

Samples T. ammi P. nigrum S.aromaticum  T. graecum N. sativa Z. officinale

 Mean±S.E.  Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E.

1. 12.67±0.67  11.33±0.33 15.33±0.67 12.00±0.58 11.67±0.67 9.33±0.33

2. 12.33±0.33 11.67±0.67 16.00±0.58 12.67±0.33 11.67±0.33 9.00±0.58

3. 12.67±0.33 12.33±0.33 17.00±0.58 12.33±0.33 11.67±0.33 9.33±0.33

4. 13.33±0.33 12.67±0.33 16.33±0.88 12.67±0.33 12.33±0.33 9.00±0.58

5. 12.67±0.88 11.33±0.33 16.00±0.00 12.33±0.88 11.67±0.67 9.00±0.58

6. 12.67±0.33 12.33±0.33 16.33±0.67 12.67±0.33 12.33±0.67 8.33±0.33

7. 13.67±0.33 11.67±0.33 15.67±0.67 13.00±0.58 12.67±0.88 9.33±0.33

8. 13.67±0.33 11.67±0.33 15.33±0.33 11.67±0.33 11.67±0.67 10.00±0.58

9. 15.67±1.67 15.67±1.86 16.33±0.33 11.67±0.33 13.67±0.33 9.67±0.33

10. 14.33±0.33 13.33±0.33 16.67±0.33 11.67±0.33 11.67±0.33 9.33±0.33

11. 15.00±2.00 11.67±0.33 15.33±0.33 11.33±0.33 11.67±0.33 8.67±0.33

12. 15.33±0.33 11.33±0.33 14.67±0.33 12.33±0.33 11.67±0.33 8.33±0.33

13. 14.33±0.88 11.33±0.33 14.67±0.33 12.00±0.58 11.67±0.33 8.67±0.33

14. 15.33±0.88 12.67±0.33 13.67±0.33 11.33±0.33 11.33±0.67 9.33±0.33
b c a e d dMean±SE 13.83 ±0.69 12.21 ±0.47 15.67 ±0.45 12.12 ±0.42 11.95 ±0.49 9.10 ±0.40

Mean with different superscript differ significantly (p<0.05).

NT- N. sativa+T. ammi; PT- Piper nigrum+ T. ammi; ZN- Z. officinalis + N. sativa; PN- P. nigrum+ 
N. sativa; PZ - P. nigrum + Z. officinale; TZ- T. ammi+ Z. officinalis; PS- P. nigrum+ S. aromaticum

Fig. 1. Inhibitory Effect of Combination of Various Spices on ESBL 
Enzyme

TPS - T. ammi+ P. nigrum+ S. aromaticum; TZN- T. ammi+ Z. officinalis+ N. sativa; TNT-T. 
ammi+N. sativa+T. graecum; SZN- S. aromaticum+Z. officinalis+N. sativa; SNT- S. 
aromaticum+N. sativa+T. ammi; TSZ - T. graecum+S. aromaticum+N. sativa; PZN- P. nigrum+Z. 
officinalis+N. sativa; PNT- P. nigrum+N. sativa+T. graecum; ZNT- Z. officinalis+N. sativa+T. graecum

Fig. 2. Inhibitory Effect of Combination of three Spices on ESBL 
enzyme
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cow management (selective dry cow therapy), mastitis 
treatment (high self-recovery) are therefore taken as high 
risk factors allied with incidence of ESBL E. coli in cattle.

 As per the CLSI and EUCAST most of the ESBL 
producers were confirmed by three standard methods i.e. 
Combined Disc Diffusion Test (CDDT) method (Linscott 
and Brown, 2005), double disc synergy test method 
(DDST) gave less percent isolation of positive samples, 
whereas Ezy MIC strip method gave the least positive 
results correlating with the study of Keite et al. (2012) who 
also reported sensitivity of DDST as 89.2% and of CDDT 
as 94%. Similar findings were noted by Taslima (2012) and 
Rahman et al. (2004), who found that DDST method only 
revealed 54% isolation, the CDDT method was able to 
isolate the largest amount of ESBLs (80%). Salmonella 
species. House flies infesting Kerala farm and non-farm 
regions revealed presence of ESBL E. coli, providing 
resistance to a variety of antibiotics (Manoj et al., 2023).

 Size of zone of inhibition is inversely related to the 
inhibitory potential and per cent inhibition ability of the 
spice. Beta lactamase inhibitors like Tazobactum showed 
no transparent zone inhibiting the activity of β-lactamase 
completely, on the other hand, the various spices showed 
small transparent zone around the well, partly inhibiting 
the beta lactamase activity. Z. officinale had the greatest 
effect (9.10±0.40), whereas S. aromaticum and P. nigrum 
had the lowest inhibitory potential (15.67±0.45 and 12.21 
±0.47), respectively. T. graecum exhibited a marginally 
greater inhibitory potential (12.12±0.42) which was 
statistically significant (p<0.05). The zone of inhibition for 
T. ammi is 13.83±0.69, which is less than that of P. nigrum, 
N. sativa and Z. officinale. N. sativa demonstrated 
moderate inhibition (11.95±0.45). Between N. sativa and 
Z. officinale, no significant difference was found (p>0.05) 
(Table 1). Sarowa et al. (2023) findings which support our 
research, also noted the significance of T. foenum-graecum 
seeds for buffalo milk production, highlighting the value 
of spices. The dry spices powder was used in combination 
of two spices in equal concentration to see if there is any 
potentiation effect (Fig. 1). Combination of N. sativa and 
Z. officinale gave maximum inhibitory effect (9.86±0.42) 
and the minimum effect was shown by T. ammi and S. 
aromaticum (14.33 ± 0.55). N. sativa and T. graecum zone 
of inhibition observed was 10.79± 0.33, whereas the effect 
of T. graceum with Piper nigrum was better (11.17± 0.87). 
The effect of P. nigrum in combination with N. sativa (11± 
0.52) yielded higher inhibitory effect. P. nigrum with Z. 
officinale gave higher inhibitory effect than with N. sativa 
with zone of inhibition of Mean±SE (10.48±0.45). Minimum 
inhibitory potential was observed by S. aromaticum (Clove 
bud) powder with largest zone of inhibition (15.67±0.45) 
in water which differ from the earlier study conducted by 
Shrivastav et al. (2016) in which S. aromaticum oil showed 
maximum effect against ESBL isolates of poultry caeca. 

Faujdar et al. (2020) also reported high antibacterial 
potential of Clove extract (ethanol) for almost all the gram-
negative urinary pathogens. Clove activity for specific 
strain was similar between beta-lactamase producing and 
non- producing isolates.

 P. nigrum and S. aromaticum in combination showed 
low inhibitory effect (13.74±0.60). Inhibitory potential of 
N. sativa and S. aromaticum (13.52±0.43), Z. officinale 
and S. aromaticum (12.5±0.61), P. nigrum and T. ammi 
(11.86±0.48), T. ammi and S. aromaticum (14.33±0.55) 
was significantly different (p<0.05). No significant 
difference was observed between T. Ammi, Z. officinale, N. 
sativa and T. foenum-graecum (10.76±0.42, 10.79±0.33), 
respectively (Fig. 1). Combination of Z. officinale and T. 
foenum-graecum also showed good inhibitory potential against 
ESBL enzyme. Similar studies conducted by Kaveri and 
Joseph (2019) on E. coli and S. aureus also observed 
antibacterial activity by mixture of these two spices (1 mg/ml). 
Fenugreek exhibited very less inhibitory effect against 
Escherichia coli and Staphylococcus aureus bacteria when 
compared to Z. officinale which further correlates with our 
findings (9.10±0.40, 12.12± 0.45) (Fig. 1). Perusal of their 
data revealed frequently used herbs and spices like garlic, 
black cumin, cloves, cinnamon, thyme, bay leaves, mustard 
and rosemary, hold antimicrobial properties and in specific 
cases could be used therapeutically (Lai and Roy, 2004).

 Combination of three spices in equal proportion 
with final concentration of 10 mg/ml were evaluated for 
their antibacterial activity. Among the various combinations 
Z. officinale, T. foenum-graecum and N. sativa gave the 
maximum inhibitory effect (9.48±0.88). Whereas, the 
combination of P. nigrum, N. sativa and T. foenum-
graecum together showed the minimum inhibitory effect 
(11.62±0.62) against ESBL E.coli bacteria. Z. Officinale, 
T. foenum-graecum and N. sativa (9.48±0.88) and P. nigrum, 
N. sativa, T. faenum-graecum (11.62 ± 0.62) showed 
significant difference in their inhibitory potential (p<0.05).

 T. ammi, P. nigrum, S. aromaticum (10.26±0.42) T. 
ammi, Z. officinale, N. sativa (10.10±0.37) and T. ammi, N. 
sativa, T. foenum-graecum (10.81±0.37) showed significant 
difference in their inhibitory potential (p<0.05). Whereas, 
T. ammi, N. sativa, T. foenum-graecum (10.81±0.37), S. 
aromaticum, Z. officinale, N. sativa (10.52± 0.59); S. 
aromaticum, N. sativa, T. foenum-graecum (10.79±0.38); 
T. ammi, S. aromaticum, Z. officinale (10.71±0.34); Piper 
nigrum, Z. officinale , N. sativa (10.86±0.43) showed no 
significant difference in their inhibitory potential (Fig. 2).

 In another study Kumar et al. (2023) also described 
antibacterial and antioxidant activity of oregano and lime 
essential oil against both Gram negative as well as Gram 
positive isolates. The tannins, saponins, phenolic compounds, 
essential oil, and flavonoids present in the plants are 
supposed to be responsible for its antibacterial potency 
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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 (PAN), 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 (PAN) 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 

PAN 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 (PAN), 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 PAN 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 PAN, 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 PAN 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, PAN
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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 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN 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 

PAN 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 PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, 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, 

PAN 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 PAN against these two 
antibiotics.

 The contribution of PAN-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 PAN 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

104

presene of PAN 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 PAN 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 PAN 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 PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN 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 PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

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

of PAN 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, PAN 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 PAN against different antibiotics

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

 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 PAN, which 

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

PAN 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 
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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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concentration of spices that totally led to inhibition of 
bacterial growth in the tube as detected by unaided eye.

RESULTS AND DISCUSSION

 Out of 100 samples, 14 samples were positive for 
ESBL producing bacteria in the initial screening giving a 
positivity rate of 14%. ESBL producing bacteria were 
phenotypically characterized as per the method described 
by Garrec et al. (2011). Only E. coli was observed in the 
findings confirmed by 16s rRNA PCR. Correlating with 
the study done by Batabyal et al. (2018) in West Bengal 
wherein, ESBL producing E. coli observed prevalence rate 
of 12% in healthy animals.  Kamaruzzaman et al. (2020) 
also reported occurrence of ESBL E. coli in dairy cattle, 
milk, and farm surroundings in Malaysia, wherein only 
0.4% samples were ESBL-producing E. coli positive in 
faeces of lactating cow, 6.5% in farm samples and 16.9% 
positive in milk samples. Another study, in eastern plain 
zone of Uttar Pradesh (India) reported 59.58% isolates 
including 53.33% E. coli and 6.25% Klebsiella spp. through 
PCR, out of which 41.25% isolates were ESBL producers 
including 36.66% E. coli and 4.58% Klebsiella species by 
phenotypic confirmation (Yadav et al., 2021). In this context 
Bairwa et al. (2023) also reported serious problem of 
antimicrobial resistance resulting in treatment failure of 
bovine subclinical mastitis. Possible reasons of positivity 
rate of ESBL E. coli in our research could have been 
credited to various reasons, mostly related to milking 
hygiene and sanitation of the surroundings, proper hygiene 
and good nutritional level of mother as well as calves. Milk 
provide an ideal medium for the transmission of diseases 
caused by E. coli bacteria, its source of contamination 
could be from the milk handling system, health of udder, 
udder surface, teat and milk storing utensils. Antibiotic dry 

Table 1. Inhibitory Effect of Spices on ESBL Enzyme by Iodometric method

Samples T. ammi P. nigrum S.aromaticum  T. graecum N. sativa Z. officinale

 Mean±S.E.  Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E. Mean±S.E.

1. 12.67±0.67  11.33±0.33 15.33±0.67 12.00±0.58 11.67±0.67 9.33±0.33

2. 12.33±0.33 11.67±0.67 16.00±0.58 12.67±0.33 11.67±0.33 9.00±0.58

3. 12.67±0.33 12.33±0.33 17.00±0.58 12.33±0.33 11.67±0.33 9.33±0.33

4. 13.33±0.33 12.67±0.33 16.33±0.88 12.67±0.33 12.33±0.33 9.00±0.58

5. 12.67±0.88 11.33±0.33 16.00±0.00 12.33±0.88 11.67±0.67 9.00±0.58

6. 12.67±0.33 12.33±0.33 16.33±0.67 12.67±0.33 12.33±0.67 8.33±0.33

7. 13.67±0.33 11.67±0.33 15.67±0.67 13.00±0.58 12.67±0.88 9.33±0.33

8. 13.67±0.33 11.67±0.33 15.33±0.33 11.67±0.33 11.67±0.67 10.00±0.58

9. 15.67±1.67 15.67±1.86 16.33±0.33 11.67±0.33 13.67±0.33 9.67±0.33

10. 14.33±0.33 13.33±0.33 16.67±0.33 11.67±0.33 11.67±0.33 9.33±0.33

11. 15.00±2.00 11.67±0.33 15.33±0.33 11.33±0.33 11.67±0.33 8.67±0.33

12. 15.33±0.33 11.33±0.33 14.67±0.33 12.33±0.33 11.67±0.33 8.33±0.33

13. 14.33±0.88 11.33±0.33 14.67±0.33 12.00±0.58 11.67±0.33 8.67±0.33

14. 15.33±0.88 12.67±0.33 13.67±0.33 11.33±0.33 11.33±0.67 9.33±0.33
b c a e d dMean±SE 13.83 ±0.69 12.21 ±0.47 15.67 ±0.45 12.12 ±0.42 11.95 ±0.49 9.10 ±0.40

Mean with different superscript differ significantly (p<0.05).

NT- N. sativa+T. ammi; PT- Piper nigrum+ T. ammi; ZN- Z. officinalis + N. sativa; PN- P. nigrum+ 
N. sativa; PZ - P. nigrum + Z. officinale; TZ- T. ammi+ Z. officinalis; PS- P. nigrum+ S. aromaticum

Fig. 1. Inhibitory Effect of Combination of Various Spices on ESBL 
Enzyme

TPS - T. ammi+ P. nigrum+ S. aromaticum; TZN- T. ammi+ Z. officinalis+ N. sativa; TNT-T. 
ammi+N. sativa+T. graecum; SZN- S. aromaticum+Z. officinalis+N. sativa; SNT- S. 
aromaticum+N. sativa+T. ammi; TSZ - T. graecum+S. aromaticum+N. sativa; PZN- P. nigrum+Z. 
officinalis+N. sativa; PNT- P. nigrum+N. sativa+T. graecum; ZNT- Z. officinalis+N. sativa+T. graecum

Fig. 2. Inhibitory Effect of Combination of three Spices on ESBL 
enzyme
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cow management (selective dry cow therapy), mastitis 
treatment (high self-recovery) are therefore taken as high 
risk factors allied with incidence of ESBL E. coli in cattle.

 As per the CLSI and EUCAST most of the ESBL 
producers were confirmed by three standard methods i.e. 
Combined Disc Diffusion Test (CDDT) method (Linscott 
and Brown, 2005), double disc synergy test method 
(DDST) gave less percent isolation of positive samples, 
whereas Ezy MIC strip method gave the least positive 
results correlating with the study of Keite et al. (2012) who 
also reported sensitivity of DDST as 89.2% and of CDDT 
as 94%. Similar findings were noted by Taslima (2012) and 
Rahman et al. (2004), who found that DDST method only 
revealed 54% isolation, the CDDT method was able to 
isolate the largest amount of ESBLs (80%). Salmonella 
species. House flies infesting Kerala farm and non-farm 
regions revealed presence of ESBL E. coli, providing 
resistance to a variety of antibiotics (Manoj et al., 2023).

 Size of zone of inhibition is inversely related to the 
inhibitory potential and per cent inhibition ability of the 
spice. Beta lactamase inhibitors like Tazobactum showed 
no transparent zone inhibiting the activity of β-lactamase 
completely, on the other hand, the various spices showed 
small transparent zone around the well, partly inhibiting 
the beta lactamase activity. Z. officinale had the greatest 
effect (9.10±0.40), whereas S. aromaticum and P. nigrum 
had the lowest inhibitory potential (15.67±0.45 and 12.21 
±0.47), respectively. T. graecum exhibited a marginally 
greater inhibitory potential (12.12±0.42) which was 
statistically significant (p<0.05). The zone of inhibition for 
T. ammi is 13.83±0.69, which is less than that of P. nigrum, 
N. sativa and Z. officinale. N. sativa demonstrated 
moderate inhibition (11.95±0.45). Between N. sativa and 
Z. officinale, no significant difference was found (p>0.05) 
(Table 1). Sarowa et al. (2023) findings which support our 
research, also noted the significance of T. foenum-graecum 
seeds for buffalo milk production, highlighting the value 
of spices. The dry spices powder was used in combination 
of two spices in equal concentration to see if there is any 
potentiation effect (Fig. 1). Combination of N. sativa and 
Z. officinale gave maximum inhibitory effect (9.86±0.42) 
and the minimum effect was shown by T. ammi and S. 
aromaticum (14.33 ± 0.55). N. sativa and T. graecum zone 
of inhibition observed was 10.79± 0.33, whereas the effect 
of T. graceum with Piper nigrum was better (11.17± 0.87). 
The effect of P. nigrum in combination with N. sativa (11± 
0.52) yielded higher inhibitory effect. P. nigrum with Z. 
officinale gave higher inhibitory effect than with N. sativa 
with zone of inhibition of Mean±SE (10.48±0.45). Minimum 
inhibitory potential was observed by S. aromaticum (Clove 
bud) powder with largest zone of inhibition (15.67±0.45) 
in water which differ from the earlier study conducted by 
Shrivastav et al. (2016) in which S. aromaticum oil showed 
maximum effect against ESBL isolates of poultry caeca. 

Faujdar et al. (2020) also reported high antibacterial 
potential of Clove extract (ethanol) for almost all the gram-
negative urinary pathogens. Clove activity for specific 
strain was similar between beta-lactamase producing and 
non- producing isolates.

 P. nigrum and S. aromaticum in combination showed 
low inhibitory effect (13.74±0.60). Inhibitory potential of 
N. sativa and S. aromaticum (13.52±0.43), Z. officinale 
and S. aromaticum (12.5±0.61), P. nigrum and T. ammi 
(11.86±0.48), T. ammi and S. aromaticum (14.33±0.55) 
was significantly different (p<0.05). No significant 
difference was observed between T. Ammi, Z. officinale, N. 
sativa and T. foenum-graecum (10.76±0.42, 10.79±0.33), 
respectively (Fig. 1). Combination of Z. officinale and T. 
foenum-graecum also showed good inhibitory potential against 
ESBL enzyme. Similar studies conducted by Kaveri and 
Joseph (2019) on E. coli and S. aureus also observed 
antibacterial activity by mixture of these two spices (1 mg/ml). 
Fenugreek exhibited very less inhibitory effect against 
Escherichia coli and Staphylococcus aureus bacteria when 
compared to Z. officinale which further correlates with our 
findings (9.10±0.40, 12.12± 0.45) (Fig. 1). Perusal of their 
data revealed frequently used herbs and spices like garlic, 
black cumin, cloves, cinnamon, thyme, bay leaves, mustard 
and rosemary, hold antimicrobial properties and in specific 
cases could be used therapeutically (Lai and Roy, 2004).

 Combination of three spices in equal proportion 
with final concentration of 10 mg/ml were evaluated for 
their antibacterial activity. Among the various combinations 
Z. officinale, T. foenum-graecum and N. sativa gave the 
maximum inhibitory effect (9.48±0.88). Whereas, the 
combination of P. nigrum, N. sativa and T. foenum-
graecum together showed the minimum inhibitory effect 
(11.62±0.62) against ESBL E.coli bacteria. Z. Officinale, 
T. foenum-graecum and N. sativa (9.48±0.88) and P. nigrum, 
N. sativa, T. faenum-graecum (11.62 ± 0.62) showed 
significant difference in their inhibitory potential (p<0.05).

 T. ammi, P. nigrum, S. aromaticum (10.26±0.42) T. 
ammi, Z. officinale, N. sativa (10.10±0.37) and T. ammi, N. 
sativa, T. foenum-graecum (10.81±0.37) showed significant 
difference in their inhibitory potential (p<0.05). Whereas, 
T. ammi, N. sativa, T. foenum-graecum (10.81±0.37), S. 
aromaticum, Z. officinale, N. sativa (10.52± 0.59); S. 
aromaticum, N. sativa, T. foenum-graecum (10.79±0.38); 
T. ammi, S. aromaticum, Z. officinale (10.71±0.34); Piper 
nigrum, Z. officinale , N. sativa (10.86±0.43) showed no 
significant difference in their inhibitory potential (Fig. 2).

 In another study Kumar et al. (2023) also described 
antibacterial and antioxidant activity of oregano and lime 
essential oil against both Gram negative as well as Gram 
positive isolates. The tannins, saponins, phenolic compounds, 
essential oil, and flavonoids present in the plants are 
supposed to be responsible for its antibacterial potency 
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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 (PAN), 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 (PAN) 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 

PAN 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 (PAN), 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 PAN 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 PAN, 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 PAN 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, PAN
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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 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN 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 

PAN 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 PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, 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, 

PAN 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 PAN against these two 
antibiotics.

 The contribution of PAN-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 PAN 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 PAN 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 PAN 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 PAN 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 PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN 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 PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

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

of PAN 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, PAN 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 PAN against different antibiotics

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

 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 PAN, which 

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

PAN 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.

Keywords: Blood protozoan parasite, ECG, Haemato-biochemical changes
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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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(Serrano et al., 2009).

 MIC values for the aqueous solution of the spices 
were observed by tube dilution method. The MIC of Z. 
officinale was found to be 0.7 mg/ml, while N. sativa 
showed minimum inhibitory concentration at 0.8 mg/ml, 
MIC value of T. foenum-graecum, P. nigrum and T. ammi 
seed powder in water was observed as 0.9 mg/ml, 1 mg/ml 
and 0.9 mg/ml and highest MIC value was observed for S. 
aromaticum (2 mg/ml). Tazobactum used as the standard 
drug showed MIC of 8 µg/ml. The higher MIC values in 
some species specify restricted antibacterial property.

CONCLUSION

 The present work observed ESBL producing E. coli 
in approximately 14% of the milk samples from apparently 
healthy cattle which may be of great health concern from 
both veterinary and public health aspect. The inhibitory 
effect of spices observed in our study on the activity of beta 
lactamase enzyme was maximum with Z. officinale and 
minimum with S. aromaticum. Combination of one or 
more spices gave better results than individual spices. In 
future, in vivo studies of these spices could be recommended 
in animals which could further reduce selection pressure of 
the routinely used antibiotics an important precondition 
for antimicrobial resistance.
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 Goat is an important livestock species mostly reared 
by landless, marginal and small farm families in India. 
With limitation of resources and scientific inputs, the goat 
rearers still follow traditional rearing practices (Vahoniya 
et al., 2022). Majority of goats are maintained on field 
residues and agricultural waste under extensive feeding 
system. This practice not only affects the animal health but 
promote indiscriminate breeding (Giger-Reverdin et al., 
2013). In addition to this, practice of selling out superior 
buck and allowing doe to be mated by inferior bucks has 
intensified the situation in last few decades. Today, 
majority of Indian goats are categorized as low producers. 
Genetic improvement of Indian goat population is urgently 
required to conserve native breeds and improve their 
production potential.

 Artificial Insemination (AI) is considered as the 
most efficient technological intervention to disseminate 
and improve the animal genetics (Watson, 2000). Storage 
of semen at 4º C and its cryopreservation at -196º C are two 
different modes to utilize semen for artificial insemination. 
But with wide variability in goat breeds, limited goat 
frozen semen station and unavailability of cryopreserved 

doses, the use of short term stored liquid semen at 4º C 
seems to be an immediate practical solutionto make 
available the superior germplasm for genetic improvement 
through AI.

 Maintaining metabolically active and motile sperm 
with intact sperm characters and fertilizing ability is a 
challenge during semen storage. During short term 
storage, semen is subjected to low temperature that 
induces stress leading to over production of reactive 
oxygen species (ROS). ROS denature the structural 
integrity and affect the function of sperm through 
membrane denaturation (Sabeti et al., 2016). Unlike other 
domestic species, goat semen exhibits higher degree of 
sperm damage due to presence of phospholipase A2 in 
bulbourethral secretions that interact with egg yolk of 
semen extender and stimulates efflux of membrane 
constituent increasing sperm susceptibility to low 
temperature (Anand et al., 2017). Interactive damages 
together with oxidative stress aggravate time dependent 
sperm damages in stored goat semen (Anand et al., 2023). 
Developing strategies to minimize sperm damage with 
prolonged storage time during short term storage is 
urgently required for its optimum use.

ABSTRACT

 During the experiment, Quercetin (Q) with strong antioxidative property was evaluated for its effect on sperm characters in diluted semen 
stored at 4º C. Six healthy breeding bucks aged between 2-3 years were selected for semen collection. With a collection frequency of two ejaculates 
per buck/semen was collected using artificial vagina. A total of eight ejaculates were collected from each buck. The collected semen was immediately 
transferred to the laboratory and later pooled to reduce variation among the samples. The pooled sample was divided into four equal parts and diluted 
with Tris based semen extender containing different concentration of Q as per the experimental design, viz., T-1 (25 mM), T-II (50 mM), T-III (75 
mM) while control (C) was diluted with extender without Q. The diluted samples were stored at 4º C for 48 hours and later evaluated for seminal 

attributes using flow cytometry, CASA and antioxidative enzyme assay. The proportion of viable sperm was significantly (P  0.01) higher in T-II and 

those with active mitochondrial function were significantly (P  0.01) higher in T-II and T-I compared to other group studied during experiment. 

Acrosomal integrity, HOST and ROS unaffected sperm were significantly (P  0.01) higher in T-II. Antioxidative enzyme SOD was significantly (P   

0.01) higher in T-II while catalase was significantly (P  0.01) higher in both T-II and T-I. The concentration of MDA was significantly (P  0.01) 

lower in T-II. Motility characters exhibited non-significant difference in VCL (µm) and ALH. The values for VAP (µm), VSL (µm), Str (%) and Lin 

(%) were significantly (P  0.01) higher in the T-II while the values of BCF (hz) was significantly (P  0.01) higher in T-II and T-I. The result recorded 

during the experiment indicated that Q in T-II group supplemented at 50mM exhibited a better response in regulation of oxidative stress, restored the 
sperm characters and protected the mitochondria energy production system with better motility characters. It may be concluded that Q (50 mM) can 
be an effective supplement to protect the sperm against oxidative damage during its short-term storage.

Keywords: Buck semen, Membrane characteristics, Oxidative stress, Quercetin
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync

1 2

A

2215

Marinelli, L., Adamelli, S., Normando, S. and Bono, G. 
(2007). Quality of life of the pet dog: Influence of 
owner and dog’s characteristics. Appl. Anim. Behav. 
Sci. 108(1-

How to cite: Mahajan, V., Filia, G., Bal, M.S., Leishangthem, G.D. and Sandhu, K.S. (2021). Epidemiological and pathological studies 
on outbreaks of swinepox in Punjab. Har. Vet. 60(1):-


n

i=1


n

i=1


n

i=1


n

i=1

Abs 540 nm in the reaction mixtures
Abs 540nm in100% hemolysis control

2 × volume of sample taken × absorbance of sample

1.56 × 105 X ml

mg of protein in 0.01 ml of hemolysate

Y%

Absorbance of sample

Absorbance of standard

Assessment of microwave processed ready-to-eat meat snacks

 Somesh Kumar Meshram, Sanjod Kumar Mendiratta, Pranav Chauhan, Deepali Sakunde, Serlene Tomar
 and Baleshwari Dixit

Dongre, V.B., Raut, S.G. and Mugale, R.R. (2023). Critical analysis

Dongre, V.B., Raut, S.G. and Mugale, R.R. (2023). Critical analysis

1111

Average parasitized RBC
Average total number of RBC

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

Percent identify

72.7

75.3

D
iv

er
ge

n
ce

99.0

80.1

95.0

95.5

73.8

65.7

83.9

72.9

83.3

39.1

39.9

98.8

97.4

82.7

85.4

70.9

19 19

19

74.3

76.9

82.1

96.2

95.8

75.4

67.1

85.7

74.4

85.2

40.3

37.3

98.5

15 15

5.4

4.5

25.8

2.3

15

86.5

81.7

95.8

95.5

97.5

97.2

87.2

77.6

99.0

85.1

97.5

48.4

37.7

95.5

97.8

16 16

3.5

22.1

7.3

16

82.8

81.9

96.9

93.0

98.1

97.9

83.7

74.3

95.6

82.8

96.1

45.9

35.5

96.4

95.7

94.1

17 17

22.8

6.3

17

66.8

66.1

83.3

78.4

81.9

85.0

68.6

60.4

77.9

68.1

78.6

43.9

78.1

78.2

76.5

78.1

18 18

28.3

18

19.2

20.6

97.9

24.6

27.2

30.4

20.8

18.0

22.1

19.5

24.5

17.1

13 13

134.9

134.9

176.0

160.3

190.5

134.9

13

71.3

74.0

99.7

78.4

93.8

94.4

72.3

64.5

82.3

71.5

81.6

36.0

39.9 39.9

14 14

1.2

4.7

3.7

25.9

1.2

14

98.2

84.2

95.8

96.6

97.2

97.2

99.8

8 8

1.9

3.3

2.8

47.7

152.5

5.3

5.7 5.7 5.7

2.6

4.4

23.6

7.9

8

85.3

80.5

95.595.5

94.4

97.2

96.9

86.3

76.5

9 9

2.9

2.6

49.5

171.8

5.0

0.5

3.2

22.5

7.6

9

92.8

84.2

95.5

98.0

96.9

96.5

97.4

87.1

96.6

10 10

2.9

44.0

157.4

5.3

3.7

3.8

21.7

7.9

10

79.0

75.3

63.9

95.2

95.9

97.9

82.7

71.2

91.1

79.0

11 11

47.3

145.5

5.4

6.1

2.6

3.2

21.6

8.2

11

63.7

55.9

31.6

67.8

61.6

63.6

69.3

62.4

63.8

67.0

65.2

12 12

152.7

60.1

58.2

48.8

52.5

56.1

62.2

12

61.8

94.8

77.6

89.4

2.9

2.9

3.2

3.6

2.1

50.3

153.6

5.8

4.4

2.9

2.1

16.8

4.7

6

90.5

81.0

95.8

96.6

97.5

97.2

0.2

1.6

2.7

2.6

39.6

152.5

4.8

5.6

1.9

3.9

22.2

7.5

7

64.7

5.1

4.7

4.7

4.3

4.3

4.7

4.7

4.7

49.9

134.9

1.8

0.3

4.3

3.2

18.9

1.0

3

73.1

95.1

3.1

3.2

3.5

3.5

2.9

2.0

2.1

42.4

145.5

6.0

6.7

3.2

3.6

18.5

8.9

4

69.5

95.5

81.8

0.0

2.6

2.9

2.9

3.2

1.9

54.9

153.6

5.3

3.9

2.6

1.9

20.7

5.2

5

13.7

4.7

2.9

2.9

3.2

1.5

1.8

1.1

2.7

2.6

49.9

171.8

5.3

5.7

1.8

3.5

23.6

7.9

1

0.7

10.2

4.2

4.7

17.2

16.8

7.1

17.1

7.6

65.8

134.9

1.8

2.3

8.4

5.7

25.3

4.4

2

1 1

2 2

3 3

4 4

5 5

6 6

1915 16 17 1813 148 9 10 11 126 73 4 51 2

19

15

16

17

18

13

14

8

9

10

11

12

1

2

3

4

5

6

7 7 7

83.3 62.1 70.2 62.578.3 JQ688412

KF564870

JX678261

KJ995525

KX274233

KP341659

JQ688410

GU133061

KC283190

AB743577

AB817059

AB553695

FN432335

KX657873

KX657875

KX639720

MN535799

KY889140

KX657874

G. crumenifer | Capra hircus | Ind

P. epiclitum | Bubalus bubalis | Ind

P. epiclitum | Bos indicus | Ind

P. leydeni | Bos taurus | Arg

P. cervi | Cervus elaphus | Croa

P. cervi | Bos grunniens | Chi

F. elongatus | Bos indicus | Ind

F. elongatus | Capra hircus | Ind

G. crumenifer | Bos indicus | Ind

Explanatum explanatum | Bubalus bubalis | Jap

Calicophoron microbothrium | Bos taurus | Egy

Fasciola gigantical | Bubalus bubalis | Egy

Haemonchus gigantical | Capra hircus | Italy

Paramphistomum epiclitum | Capra hircus | MTR

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

0.1

39

1

23

31

88

48
31

86
57

81

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

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

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 (PAN), 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 (PAN) 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 

PAN 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 (PAN), 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 PAN 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 PAN, 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 PAN 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 

(PAN) (Sigma Aldrich, USA). In brief, the sterile MHA 

plates supplemented with PAN (at a concentration of 25 

µg/mL) and that without PAN 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 

PAN 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 PAN, a broad-
spectrum EPI.

Efflux pump inhibition assay (EPIA)

 In the presence of PAN, 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, 

PAN 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 PAN against these two 
antibiotics.

 The contribution of PAN-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 PAN 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 PAN 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 PAN 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 PAN 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 PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN 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 PAN in these ESBL-producing E. coli isolates.

 In this study, no contribution of PAN-inhibited 

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

of PAN 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, PAN 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 PAN against different antibiotics

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

 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 PAN, which 

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

PAN 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.

Keywords: Blood protozoan parasite, ECG, Haemato-biochemical changes
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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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