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CONCLUSION

 The current case of a unilateral left-sided Bartholin's 
gland abscess may have arisen due to improper handling 
during the parturition process in field conditions. 
Following a correct diagnosis, the evacuation of pus from 
the cyst and the infusion of povidone iodine, along with 
five days of parenteral antibiotics, anti-inflammatory 
drugs and antihistamines, the patient made a successful 
recovery without any recurrence of the condition without 
any reoccurrence.
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 Testicular tumors were once common in household 
animals, primarily in dogs (Peters et al., 2001). Among 
male dogs, testicular tumors are the most common genital 
neoplasms, with Leydig cell tumors, seminomas and 
Sertoli cell tumors being prevalent. Seminoma, a mostly 
benign type of testicular tumor, originates from the 
germinal epithelium of the testicular seminiferous tubules. 
Cryptorchidism is a significant risk factor, leading to a 15-
fold increase in seminoma incidence (Hayes et al., 1985). 
Seminomas are generally non-endocrinologically active 
(Peter et al., 2001), but in some cases, they may trigger the 
development of feminine traits and skin issues in male 
dogs. Most dogs with seminomas exhibit no symptoms and 
these tumors are often discovered during routine physical 
exams. Certain dog breeds, such as Boxers, German 
Shepherds, Afghan Hounds, Weimaraners, Shetland 
Sheepdogs, Collies and Maltese, may have a predisposition 
to testicular tumors.

 An 8-year-old intact male German Shepherd dog 
was presented with a dermatological issue at the Dermatology 
Unit of the Madras Veterinary College Teaching Hospital. 
Despite extended treatment, the dog showed no response. 
As a result, the case was referred to the Small Animal 
Theriogenology unit due to monorchidism (Fig. 1).

 The physical examination of the dog indicated 
unilateral right-side cryptorchidism, displaying a mass in 
the ventral abdomen and linear erythema in the preputial 
region. No feminization symptoms were observed. 
Subsequent ultrasonography revealed an undescended 
right testicle with a tumor located in the abdominal region.

 Haematology and biochemistry tests unveiled mild 
anaemia and thrombocytopenia. X-rays of the thorax and 
abdominal region showed no signs of metastasis. The 

animal underwent castration under general anaesthesia 
and the testicle with a tumor (measuring 9 × 8 × 8 cm) was 
surgically excised (Fig. 3). Examination of the specimen 
upon slicing revealed a sizable, well-defined tumor, 
exhibiting focal areas of necrosis. The tumor displayed a 
pale tan to pale yellow coloration throughout the entire 
testis. Following the surgery, the linear erythema gradually 
faded over a two-month period (Fig. 4).

 The microscopic examination of the seminoma mass 
revealed predominantly sheet-like arrangements within 
extensively expanded tubules, nests and focal trabeculae, 
showing 3 to 4 mitoses per 10 high-power fields along with 
areas of necrosis (Fig. 5). Notably, a robust lymphocytic 
response was observed. The individual tumor cells 
appeared uniformly large, displaying distinct cytoplasmic 
borders, amphophilic cytoplasm and large vesicular 
central nuclei featuring prominent eosinophilic 
macronuclei. Noteworthy was the absence of foam and 
giant cells. The epididymis was devoid of tumor. However, 
the right testis exhibited a pagetoid spread with no normal 
testicular tissue identified. The spermatic cord and 
pampiniform plexus were normal and clear of any tumor 
involvement.

 Seminoma, an embryonal tumor originating from 
primary genital cells, is a common soft testicular tumor in 
older dogs around 10 years of age. It's associated with 
inguinal cryptorchidism, where the temperature is higher 
than in the scrotum but lower than in the abdominal cavity, 
potentially predisposing dogs to develop seminomas 
(Hemminki et al., 2004). These tumors can appear 
unilaterally or bilaterally, tend to occur more on the right 
testis, and vary in size. Enlargement of the testis can occur 
as the tumor grows (Meuten, 2002 and Taniyama et al., 
2001), often showing a homogeneous, grey or creamy 

SUMMARY

 A rare dermatological issue resulting from seminoma in an eight-year-old German Shepherd dog is described in this report, including details 
of its surgical intervention.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Dead male foal with fetal membrane after delivery
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

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

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

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

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

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

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

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

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

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

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

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

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

present day, due to the widespread trans-canal endoscopic 

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

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

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

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

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

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

Morphometrical data recording

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

RESULTS AND DISCUSSION

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

 The malleus or drumstick bone consisted of the 
malleus head (Caput mallei), a slightly narrowed neck 
(Collum mallei) with three separate processes (lateral, 
rostral and muscular) (Processus lateralis, Processus 
rostralis and Processus muscularis), and a handle 
(Manubrium mallei) (Fig. 4A, B). When viewed from the 

98

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

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

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

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

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

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

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

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

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

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

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

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

Parameter length Width Length of long crus Length of short crus

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

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

Parameter length Width Length of rostral crus Length of caudal crus

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

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

CONCLUSION

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

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

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

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

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

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

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

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

demonstrate the efflux pump activity in bacteria is ethidium-

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

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

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

 Certain molecules known as the efflux pump inhibitors 

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

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

naphthylamide (PAN), a peptidomimetic EPI was the first 

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

phenylalanine-arginine -naphthylamide (PAN) itself 

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

are scarce with regard to the extended spectrum -

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

PAN against different antibiotics.

ABSTRACT

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

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

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

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

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

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

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

Antibiotic sensitivity test

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

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

Efflux pump inhibition assay against different antibiotics

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

inhibitor i.e., phenylalanine-arginine -naphthylamide 

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

plates supplemented with PAN (at a concentration of 25 

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

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

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

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

RESULTS AND DISCUSSION

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

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

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

Antibiogram of the isolates

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

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

Efflux pump inhibition assay (EPIA)

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

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

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

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

 The contribution of PAN-inhibited efflux pumps 

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

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

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

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

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

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

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

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

increased efflux of ceftriaxone in presence PAN might 

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

activity of cephalosporins in the presence of PAN in E. 

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

the -lactamase inhibitors like clavulanate and sulbactam 

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

observed that, the PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN is also considered as a competitive inhibitor 

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

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

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

 In this study, no contribution of PAN-inhibited 

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

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

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

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

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

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

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

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

 AZM CTR DO AMP CIP K A/S

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

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

CONCLUSION

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

different antibiotics varied in the presence of PAN, which 

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

PAN in the efflux pumps for these isolates. Nevertheless, 

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

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

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

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

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

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

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

SUMMARY

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

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

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

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

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

SUMMARY

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

Keywords: Advanced gestation, Female dog, TVT, Vincristine sulphate
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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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Fig. 1.  Cryptorchid testicle with linear erythema;  Fig. 2.  Ultrasound examination of cryptorchid testicle

1 2 2

Fig. 3.  Cryptorchid testis with tumor;                        Fig. 4.  Suppression of linear erythema after cryptorchid surgery

appearance when observed in cross-section. Larger tumors 
may display areas of coagulative necrosis without 
hemorrhages.

 Older cryptorchid dogs, especially over 6 years old, 
have a higher risk of developing testicular cancer, similar 
to older dogs in general. In one rare case, a dog presented 
with dermatological markers (linear erythema) due to 

myelosuppression, which gradually reduced following 
castration. This case might be a rare instance of seminoma 
associated with hyperestrogenemia and alopecia.
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trus synchronizathod that synchronizes ovulations is 
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study was aimed to evaluate the efficacy of different 
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Fig. 1. Dead male foal with fetal membrane after delivery
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

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

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

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

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

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

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

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

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

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

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

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

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

present day, due to the widespread trans-canal endoscopic 

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

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

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

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

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

Morphometrical data recording

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

RESULTS AND DISCUSSION

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

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

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

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

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

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

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

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

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

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

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

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

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

Parameter length Width Length of long crus Length of short crus

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

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

Parameter length Width Length of rostral crus Length of caudal crus

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

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

CONCLUSION

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

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

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

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

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

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

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

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

demonstrate the efflux pump activity in bacteria is ethidium-

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

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

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

 Certain molecules known as the efflux pump inhibitors 

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

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

naphthylamide (PAN), a peptidomimetic EPI was the first 

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

phenylalanine-arginine -naphthylamide (PAN) itself 

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

are scarce with regard to the extended spectrum -

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

PAN against different antibiotics.

ABSTRACT

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

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

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

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

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

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

Antibiotic sensitivity test

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

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

Efflux pump inhibition assay against different antibiotics

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

inhibitor i.e., phenylalanine-arginine -naphthylamide 

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

plates supplemented with PAN (at a concentration of 25 

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

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

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

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

RESULTS AND DISCUSSION

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

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

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

Antibiogram of the isolates

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

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

Efflux pump inhibition assay (EPIA)

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

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

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

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

 The contribution of PAN-inhibited efflux pumps 

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

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

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

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

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

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

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

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

increased efflux of ceftriaxone in presence PAN might 

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

activity of cephalosporins in the presence of PAN in E. 

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

the -lactamase inhibitors like clavulanate and sulbactam 

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

observed that, the PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN is also considered as a competitive inhibitor 

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

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

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

 In this study, no contribution of PAN-inhibited 

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

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

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

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

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

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

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

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

 AZM CTR DO AMP CIP K A/S

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

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

CONCLUSION

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

different antibiotics varied in the presence of PAN, which 

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

PAN in the efflux pumps for these isolates. Nevertheless, 

the presence of active efflux pumps and exhibition of a 
high degree of MDR phenotype along with the ESBL 
production among these environmental isolates is a matter 
of concern from public health point of view. It can be 
concluded that, the overexpression of efflux pumps has a 
significant role in the emergence of MDR ESBL-
producing E. coli in the environmental milieu.

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 (PAN) 
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 (PAN) 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.

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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Fig. 1.  Cryptorchid testicle with linear erythema;  Fig. 2.  Ultrasound examination of cryptorchid testicle

1 2 2

Fig. 3.  Cryptorchid testis with tumor;                        Fig. 4.  Suppression of linear erythema after cryptorchid surgery

appearance when observed in cross-section. Larger tumors 
may display areas of coagulative necrosis without 
hemorrhages.

 Older cryptorchid dogs, especially over 6 years old, 
have a higher risk of developing testicular cancer, similar 
to older dogs in general. In one rare case, a dog presented 
with dermatological markers (linear erythema) due to 

myelosuppression, which gradually reduced following 
castration. This case might be a rare instance of seminoma 
associated with hyperestrogenemia and alopecia.
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Fig. 5. (A-L) Photomicrographs showing seminoma in older dogs.
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trus synchronizathod that synchronizes ovulations is 
named briefly as “Ovsynch” (Pursley et al., 1995). The 
study was aimed to evaluate the efficacy of different 
methods of estrus sync
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Fig. 1. Dead male foal with fetal membrane after delivery
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 In tropical countries like India ticks and tick-borne 
diseases, especially bovine theleriosis, babesiosis and 
anaplasmosis, can cause sudden death of severely infected 
animals. The cattle tick Rhipicephalus (Boophilus) 
microplus is a significant vector of these deadly diseases 
(Ghosh et al., 2015). The most common method for 
controlling tick infestation is to treat the host with synthetic 
acaricides like Arsenic trioxide, organochlorines, 
organophosphates, carbamates, amidines, pyrethroids and 
ivermectins etc.  which kill the associated larvae, nymphs, 
and adults. Although this has limitations due to wide 
spread environmental pollution, increased risk of 
insecticide residue, quick development of resistance and 
parasite reoccurrence (Picinin et al., 2017).

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

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

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

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

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

 In middle ear surgical research, rats and mice are the 

most frequently utilized small vertebrate animals. However, 

other small vertebrate animals are being used, including 

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

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

animals are morphologically and physiologically different 

from humans and show differing middle ear shapes and 

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

been examined to better represent the human ear’s 

anatomy. For instance, the pig has been considered a 

potential animal model; however, experimental methods 

are challenging because of the soft and fatty tissues 

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

present day, due to the widespread trans-canal endoscopic 

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

be used as an animal model for studying the middle ear 

ossicles due to its advantageous size. The anatomical features 

and parameters of the middle ear are frequently utilized to 

predict the species’ hearing sensitivity (Hadžiomeroviae et 

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

record various anatomical and morphometrical data 

regarding the middle ear ossicles in native Beetal goats 

which may help researchers and clinicians in various 

interventions.
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MATERIALS AND METHODS

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

Morphometrical data recording

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

RESULTS AND DISCUSSION

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

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

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

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

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

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

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

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

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

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

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

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

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

Parameter length Width Length of long crus Length of short crus

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

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

Parameter length Width Length of rostral crus Length of caudal crus

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

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

CONCLUSION

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

medicine and food animal production along with the 

presence of various environmental factors, host factors, 

and pathogens intrinsic or acquired characteristics act as 

drivers in the emergence and dissemination antimicrobial 

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

mediated AMR is an intrinsic mechanism possessed by the 

bacteria to extrude metabolic waste, toxic substances and 

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

TolC is an important resistance nodulation division (RND) 

family efflux pump which plays a major role in expression 

of multi-drug resistant (MDR) phenotype in Escherichia 

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

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

demonstrate the efflux pump activity in bacteria is ethidium-

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

absence of fluorescence under UV light by bacterial mass 

in the agar plates supplemented with Et-Br indicates an 

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

 Certain molecules known as the efflux pump inhibitors 

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

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

naphthylamide (PAN), a peptidomimetic EPI was the first 

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

phenylalanine-arginine -naphthylamide (PAN) itself 

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

are scarce with regard to the extended spectrum -

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

PAN against different antibiotics.

ABSTRACT

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

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

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

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

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

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

Antibiotic sensitivity test

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

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

Efflux pump inhibition assay against different antibiotics

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

inhibitor i.e., phenylalanine-arginine -naphthylamide 

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

plates supplemented with PAN (at a concentration of 25 

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

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

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

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

RESULTS AND DISCUSSION

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

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

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

Antibiogram of the isolates

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

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

Efflux pump inhibition assay (EPIA)

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

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

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

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

 The contribution of PAN-inhibited efflux pumps 

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

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

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

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

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

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

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

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

increased efflux of ceftriaxone in presence PAN might 

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

activity of cephalosporins in the presence of PAN in E. 

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

the -lactamase inhibitors like clavulanate and sulbactam 

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

observed that, the PAN treatment reduced the intracellular 

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

sublethal concentration, PAN increased the permeabilization 

of outer cell membrane, thereby decreasing the intracellular 

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

Further, PAN is also considered as a competitive inhibitor 

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

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

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

 In this study, no contribution of PAN-inhibited 

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

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

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

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

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

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

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

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

 AZM CTR DO AMP CIP K A/S

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

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

CONCLUSION

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

different antibiotics varied in the presence of PAN, which 

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

PAN in the efflux pumps for these isolates. Nevertheless, 

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

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

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

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

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

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

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

SUMMARY

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

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

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

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

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

SUMMARY

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

Before treatmentBefore treatmentBefore treatment

Fig. 3. Ultrasonographic picture reveals presence of live fetus

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

Fig. 4. After Treatment

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

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

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