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Abstract: Mastitis, a prevalent and economically burdensome disease in dairy farming, impacts milk yield and quality. This study
assesses the prevalence and diagnosis of mastitis in a dairy farm in Cluj County, Romania, focusing on field diagnostics and pathogen
resistance profiling. The California Mastitis Test (CMT) revealed a 60% mastitis prevalence in lactating cows, with 51.7% of cases
identified as subclinical and 8% as clinical. Laboratory analysis identified Staphylococcus spp. as the primary pathogen (43%), with
a significant proportion displaying antibiotic resistance, notably to penicillin (85%) and erythromycin (75%). The study highlights
the need for regular CMT screenings, targeted antimicrobial protocols, and enhanced farm hygiene practices to manage mastitis
effectively, prevent resistance escalation, and optimize dairy productivity.

Keywords: mastitis, dairy cattle, California mastitis test, mastitis prevalence, antibiotic resistance

1. Introduction

Mastitis, an inflammation of the mammary gland, is a pervasive issue in dairy cattle
worldwide, leading to significant economic losses in dairy production due to reduced
milk yield, altered milk composition, increased veterinary costs, and early culling of
affected animals [1]. This condition not only affects milk production volume but also
diminishes milk quality, affecting protein, fat, and lactose levels while increasing somatic

Received: 06.11.2024 cell counts, which are often used as indicators of milk quality [2]. The primary causative

Accepted: 20.11.2024 agents of mastitis are bacterial pathogens, which enter the mammary gland via the teat

Published: 15.07.2025 canal, particularly after milking when the canal is relaxed and susceptible to
contamination [3].

DOI:10.52331/030i2511 Mastitis can present clinically, with visible symptoms such as udder swelling,

redness, and pain, or subclinically, where no outward signs are evident, though both

types affect milk quality and yield [4]. Subclinical mastitis is particularly challenging as it

often goes undetected without specific diagnostic tests, allowing for transmission within

® the herd and prolonged milk contamination. In particular, pathogens like Staphylococcus

aureus and Streptococcus uberis are known for their role in both clinical and subclinical
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Submitted for possible open access ~ contagious nature and ability to evade treatment through biofilm formation [5].

publication under the terms and con- Mastitis shows variable incidence rates across regions due to differences in farm

ditions of the Creative Commons At-  Mmanagement practices, veterinary access, and herd size. In Romania, smaller farms with

tribution (CC BY) license (http://crea-  limited resources report significant rates of both clinical and subclinical mastitis, with

tivecommons.org/licenses/by/4.0/). studies showing that up to 35% of cows in smaller herds may have subclinical mastitis [6].

Limited veterinary infrastructure and insufficient preventive practices contribute to these

high rates, a trend mirrored in other developing regions. Internationally, countries with
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larger, well-managed dairy operations, like the U.S. and parts of Western Europe,
generally report lower clinical mastitis incidence (around 20-25 cases per 100 cows per
year) due to advanced management and monitoring practices [7,8]. However, subclinical
mastitis remains a widespread issue globally, with prevalence often exceeding 30% even
in well-managed herds.

Routine diagnostic tests, such as the California Mastitis Test (CMT), have proven
essential for early detection of mastitis, especially subclinical cases, in field conditions.
The CMT is widely used for its rapid and cost-effective approach to detecting somatic cell
count increases, providing a reliable indication of infection levels and guiding further
laboratory testing for specific pathogen identification [9,10]. Laboratory diagnostics,
including bacterial culturing and antibiogram testing, play a critical role in identifying
causative pathogens and determining appropriate antibiotic treatments, which is
increasingly important as resistance patterns emerge [11]. Recent studies have reported
rising antibiotic resistance in common mastitis pathogens, underscoring the need for
targeted antimicrobial use to manage infections effectively [12, 13,14].

This study aims to assess the prevalence of mastitis within a dairy herd, utilize on-
site diagnostic tools to identify subclinical and clinical cases, and examine the distribution
of bacterial pathogens and their resistance profiles. By combining field diagnostics with
laboratory confirmation, this research contributes to a deeper understanding of mastitis
management practices in dairy herds and highlights the need for evidence-based
approaches to control this common and costly condition.

2. Materials and Methods

2.1 Farm Setting and Cattle Management

The study was conducted at a dairy farm in Cluj County, Romania, housing 253 cows, primarily of the
Romanian Spotted breed. The herd was divided into specific sections for lactating cows (n=87), young stock
(n=120), and calves (n=36), which facilitated targeted sampling and tracking. Milking occurred twice daily
in a 24-station milking parlor designed to standardize milking practices and closely monitor milk output for
each cow. Milking hygiene protocols were strictly adhered to, including pre- and post-milking teat
disinfection and regular sanitation of equipment and facilities, to minimize the risk of contamination and
maintain milk quality. This herd structure and adherence to hygiene standards contribute to a reliable
assessment of mastitis prevalence and resistance patterns within this population.

2.2 Mastitis Screening Using California Mastitis Test (CMT)

The California Mastitis Test (CMT) was employed to identify subclinical and clinical mastitis in the
lactating cows. The CMT is a rapid, field-based diagnostic tool that detects increases in somatic cell count,
which indicate inflammatory responses within the udder [15]. The test involves mixing equal parts of milk
and CMT reagent in a four-compartment plastic paddle, with each compartment corresponding to one
quarter of the udder. The mixture was gently swirled, and after a few seconds, results were interpreted
based on gel formation:
¢ Negative: No visible gel formation.

e Mildly Positive: Slight thickening, indicating a low increase in somatic cells.
e Strongly Positive: Distinct gel formation, indicating high somatic cell count [9].

All lactating cows on the farm were tested with CMT at the morning milking after removing a few
drops of milk, cows with mild to strongly positive results were identified as mastitis cases and marked for
further testing (bacteriological examination and antibiogram). This test was chosen for its ease of use in field
settings, affordability, and reliability in detecting subclinical infections, which often go unnoticed without
specific testing [16].

The CMT is limited by its subjective nature, as results can vary between observers and may be
influenced by environmental conditions like lighting and temperature. It is more sensitive for high somatic
cell counts (SCC) but less reliable at lower SCC levels, potentially missing early or mild infections and
occasionally yielding false positives, especially in cows at the beginning or end of lactation when SCC may
naturally fluctuate. Additionally, physiological factors such as stress, heat, or recent calving can temporarily
elevate SCC, leading to inaccuracies. While useful for detecting subclinical mastitis, the CMT does not



Cluj Vet ] 2025, vol 30, issue 2 30f 66

always correlate with the severity of clinical infections and cannot identify specific pathogens, which limits
its effectiveness as a standalone diagnostic tool [17].
Sample Collection

Milk samples were collected aseptically from cows with positive CMT results. Each teat was cleaned
with an antiseptic solution to prevent contamination, and the first few streams of milk were discarded.
Approximately 10 mL of milk was then collected in sterile tubes (BD Falco 50 mL Conical Tubes, Dickinson
and Company (BD), labeled, and transported on ice to the laboratory within two hours to maintain sample
integrity [18].
2.3 Bacterial Culture and Identification

In the laboratory, milk samples were cultured on blood agar plates to allow for isolation and
identification of pathogens. Each sample was streaked using a sterile loop, employing a quadrant streak
method to isolate individual colonies. Plates were incubated at 37°C for 24-48 hours. Colony morphology,
color, hemolytic activity, and growth patterns were observed to identify distinct bacterial colonies [19]. Gram
staining was subsequently performed to classify the isolates as Gram-positive or Gram-negative, which
facilitated preliminary identification of species. This approach enables reliable differentiation of common
mastitis pathogens, such as Staphylococcus aureus and Streptococcus spp., based on morphological
characteristics [20].

To determine antibiotic susceptibility, an antibiogram was conducted using the Kirby-Bauer disk (Elta
90 Romania) diffusion method. Antibiotic discs—neomycin, amoxicillin, streptomycin, penicillin,
erythromycin, ampicillin, and oxacillin—were placed on Mueller-Hinton agar (Elta 90, Romania) plates
inoculated with bacterial isolates from the milk samples. Plates were incubated at 37°C for 24 hours, and
zones of inhibition around each antibiotic disc were measured. Results were interpreted based on the
European Committee on Antimicrobial Susceptibility Testing (EUCAST) guidelines, which specify
breakpoints for bacterial sensitivity and resistance, allowing for effective therapeutic recommendations [21].

The antibiogram results were critical for understanding the resistance profiles of pathogens present in

the herd. Given the increasing prevalence of antibiotic resistance in common mastitis pathogens, the study
aimed to identify effective treatment options tailored to the specific resistance patterns observed.
2.4 Data Analysis

Prevalence data from the CMT results were summarized as percentages, distinguishing between
clinical and subclinical cases. Pathogen identification and antibiotic resistance profiles were analyzed to
determine the most common bacterial agents and their corresponding resistance patterns.

3. Results

3.1 Prevalence of Mastitis

Out of the 87 cows tested using the California Mastitis Test, 52 cows (60%) were positive for mastitis.
Among these, 45 cases (51.7%) were classified as subclinical (no visible symptoms), while 7 cases (8.0%)
exhibited clinical signs, including udder swelling, redness, or pain and modifications in milk aspect. This
distribution emphasizes the high prevalence of subclinical mastitis, which often goes unnoticed without
specific testing. The prevalence of mastitis among the sampled cows, distinguishing between clinical and
subclinical cases is presented in table 1.

Table 1 Mastitis prevalence

Percentage (%) Number of Cases Category
100% 87 Total Cows Tested
59.77% 52 Mastitis Positive
51.7% 45 Subclinical Mastitis

8.0% 7 Clinical Mastitis
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3.2 Pathogen Identification

Bacterial culture results revealed that Staphylococcus spp. was the most frequently isolated pathogen,
a counting for 43% of the positive samples. In 4 of the 52 samples examined, 2 types of colonies were
identified. Other common pathogens included Streptococcus spp. (25%) and various Gram-negative bacilli
(13%). These findings are consistent with previous research (Pascu) identifying Staphylococcus aureus and
Streptococcus spp. as leading causative agents of both clinical and subclinical mastitis (Table 2).

Table 2 Breakdown of the isolated pathogens from the milk samples.

P
ercent?ge; Number of Samples Pathogen
o
43% 26 Staphylococcus spp.
25% 15 Streptococcus spp.
13% 8 Gram-negative bacilli
11% 7 Other bacteria

3.3 Antibiotic Resistance Patterns

Antibiogram testing showed significant resistance among Staphylococcus spp. isolates, especially to
penicillin (85%) and erythromycin (75%). In contrast, neomycin and streptomycin retained relatively high
effectiveness. Resistance was also observed in Streptococcus spp. and Gram-negative isolates, with some
resistance patterns reflecting limitations in current antibiotic options (Figure 1).

Antibiotic Resistance in Different Bacteria Types

B Staphylococcus spp. (Resistant)
Streptococcus spp. (Resistant)
Gram-negative bacilli (Resistant)

70}
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50t
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Figure 1. Antibiotic resistance for Staphylococcus spp., Streptococcus spp., and Gram-negative bacilli across different
antibiotics.

4. Discussion

The study’s finding of a 60% mastitis prevalence aligns with global reports indicating high rates of
mastitis in dairy farms, particularly subclinical cases. Subclinical mastitis, which constituted 51.7% of the
cases in this study, is often overlooked without routine testing due to the absence of visible symptoms, but
it poses significant risks, including prolonged contamination of milk and increased pathogen transmission
within the herd [22]. Studies have emphasized that subclinical mastitis contributes to higher somatic cell
counts (SCC) and can reduce milk yield and quality [23]. Early detection methods, like the California Mastitis
Test (CMT) used here, are essential for managing subclinical infections and reducing their economic impact
on milk production [24].

The predominance of subclinical mastitis highlights the need for routine herd health monitoring, as
subclinical infections are typically reservoirs for pathogen transmission within and between herds [25].
Regular CMT testing in field settings allows for rapid detection and facilitates timely intervention, mitigating
the spread of infection and preserving milk quality.

The study identified Staphylococcus spp. as the predominant pathogen (43% of isolates), which is
consistent with its known role as a common cause of both clinical and subclinical mastitis globally [23].
Staphylococcus aureus in particular is well-documented for its ability to form biofilms, enhancing its
persistence within the mammary gland and complicating treatment [26]. A study by Rivas et al. (2020), [27]
observed that Staphylococcus aureus was the most common pathogen associated with mastitis in dairy herds,
accounting for 39% to 45% of cases. In Romania, a study by Popescu et al. (2016), [28] also identified
Staphylococcus aureus as the leading cause of mastitis, although with varying prevalence rates between farms
(35%-45%). The predominance of Staphylococcus in this study supports its role as a major pathogen in dairy
mastitis worldwide. Furthermore, the study also highlighted the presence of Streptococcus species and Gram-
negative bacilli, which are commonly associated with environmental sources of infection. This suggests that,
like other studies, environmental factors—such as insufficient sanitation practices—play a crucial role in
mastitis outbreaks [16]. This is consistent with findings from other studies, including a Romanian study by
Matei et al. (2018), [29] which reported a similar resistance pattern, with Staphylococcus aureus showing 80%
resistance to penicillin and 70% resistance to erythromycin. The emergence of beta-lactam resistance due to
the production of beta-lactamase enzymes complicates treatment options, highlighting the urgent need for
more targeted therapies. In contrast, the study found lower resistance rates for neomycin and streptomycin,
which is in line with global findings that suggest these antibiotics may still be effective against certain strains
of mastitis pathogens. However, antibiotic resistance remains a significant challenge, and ongoing
monitoring of susceptibility patterns is essential to prevent further resistance development. A study from
Italy by Gallo et al. (2019), [30] stressed the importance of routine antibiogram testing for optimizing
antibiotic use and minimizing the overuse of broad-spectrum antibiotics.

Environmental control measures, including proper bedding management, post-milking teat
disinfection, and regular sanitation of the milking area, have been shown to reduce the incidence of
environmental pathogens [16]. This multifaceted approach to infection control could significantly reduce
both the occurrence and spread of mastitis within the herd. The pathogen profile observed here supports
previous research, which advocates for integrated management practices targeting both contagious and
environmental sources of infection [31].

Antibiotic resistance, particularly among Staphylococcus spp., poses a critical challenge in treating
mastitis. In this study, high resistance rates were observed against commonly used antibiotics, such as
penicillin (85%) and erythromycin (75%), which echoes recent findings of increased resistance in mastitis
pathogens [32]. The resistance of Staphylococcus spp. to beta-lactam antibiotics, like penicillin, is largely due
to the production of beta-lactamase enzymes, which render these treatments ineffective. This resistance can
limit treatment options and necessitates the use of more targeted therapies, potentially increasing treatment
costs and duration [33].

The lower resistance rates observed with neomycin and streptomycin indicate that these antibiotics
remain viable treatment options; however, continued monitoring of susceptibility is crucial to prevent
further resistance development. The need for routine antibiogram testing as part of mastitis control
programs is increasingly emphasized, as it allows for tailored therapy, reducing the reliance on broad-
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spectrum antibiotics and promoting more effective treatment outcomes [34]. Implementing evidence-based
antibiotic selection could significantly enhance treatment efficacy and help mitigate the development of
resistant bacterial strains.

These findings underscore the need for comprehensive mastitis management strategies in dairy farms.
Regular CMT testing can facilitate early detection of subclinical cases, allowing for prompt treatment and
reduced pathogen transmission. Additionally, integrating susceptibility testing into routine herd health
protocols will enable more effective use of antibiotics, optimizing treatment while reducing the risk of
resistance development. Antibiotic stewardship in veterinary medicine is increasingly important, with
research suggesting that targeted therapy can significantly reduce the overuse of antibiotics in dairy herds
[35].

Enhanced hygiene practices, such as improving bedding quality, maintaining milking equipment, and
ensuring proper post-milking teat disinfection, are critical to reducing both contagious and environmental
sources of infection. Evidence shows that improving udder hygiene can lower the incidence of mastitis by
reducing pathogen load on teat surfaces [25]. Future research might explore alternative treatments, such as
bacteriophages or probiotics, which have shown promise in reducing mastitis pathogens without
contributing to antibiotic resistance [34].

While this study provides valuable insights into mastitis prevalence and pathogen profiles, it has
several limitations. The reliance on CMT for detecting subclinical mastitis, as mentioned earlier, may lead to
false negatives. Additionally, the study’s scope is limited to one farm, which may not be representative of
broader regional trends. A more comprehensive study involving multiple farms and additional diagnostic
tools would provide a more accurate overview of mastitis prevalence and pathogen dynamics across
different dairy systems in Romania. Moreover, the lack of data on the farm’s management practices, such as
milking techniques and sanitation protocols, limits the ability to draw conclusions about the exact factors
contributing to the observed pathogen profiles and resistance patterns.

5. Conclusions

This study underscores the critical need for effective diagnostics and targeted treatment of mastitis in
dairy herds. The high prevalence of mastitis and the significant presence of antibiotic-resistant
Staphylococcus spp. highlight the importance of routine susceptibility testing. Field diagnostics, such as the
CMT, allow for rapid, practical screening that can inform timely intervention and treatment decisions.
Implementing evidence-based approaches, including rigorous hygiene practices and targeted antibiotic use,
is essential to improve mastitis management and enhance the health and productivity of dairy herds.
Penicillin and erythromycin were more potent against resistant bacterial strains and could be used as first-
line treatments when an antibiogram is not performed.
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products [1]. This exposure could be associated with several detrimental health consequences. Bisphenol A
(BPA) [228 Da, (CH3)2C(C6H40OH)2] is a widely used product in the industry for the manufacture of plastics
and food containers [2, 3]. However, despite its wide application in industries, Bisphenol A is an Endocrine-
Disrupting Chemical (EDC) when exposed via ingestion, skin absorption, or inhalation, and causing lesions
in the liver, adipose tissue, heart, and the reproductive system [2]. Its ability to disrupt the hormonal system
holds a significant implication for reproductive function.

One of the mechanisms of BPA-mediated reproductive toxicity includes its ability to mimic oestrogen,
a crucial hormone in the reproductive system [4]. BPA binds oestrogen receptors, thereby inducing an estro-
genic effect in a way that disrupts the normal endocrine signalling pathway and also causes deleterious effects
via its ability to bind to the gamma peroxisome proliferator-activated receptor and the orphan nuclear oestro-
gen-gamma receptor in other body cells [5]. BPA exposure can impair reproductive organ development, dis-
rupt the hypothalamic-pituitary-gonadal axis function, which is critical for reproduction, reduce testosterone
levels, and inhibit spermatogenesis, leading to infertility [6, 7].

BPA toxicity is associated with oxidative stress induction in the testes due to their high metabolic activ-
ities and polyunsaturated fatty acids in sperm cell membranes, which are prone to oxidation [4, 8, 9]. BPA can
interfere with ovarian follicle development, oocyte maturation, and hormonal cycles, which are crucial for
normal female reproductive function [10]. The role of BPA on male reproductive function has been extensively
studied in animals, with deleterious effects observed on the various parameters monitored, including sper-
matozoa count and motility, antioxidant defence system, mitochondrial function, and androgen synthesis [11,
12].

Due to the detrimental health effects associated with exposure to BPA, there has been ongoing research
to identify therapeutic agents that could serve as antidotes. One of these therapeutic agents is melatonin (N-
acetyl-5-methoxytryptamine), a vital hormone in the body that has also been synthesized for medicinal uses
[13]. Melatonin regulates the circadian rhythm, plays a critical role in energy metabolism and glucose home-
ostasis, functions as an antioxidant, and is involved in numerous biological processes such as immune mod-
ulation, cellular protection, and reproductive health [14, 15]. With melatonin being a free radical scavenger, it
has been used as a therapeutic agent against numerous pathological conditions [9, 15, 16].

Since melatonin binding sites have been detected in the reproductive system of many species, [17] re-
ported that melatonin influences the release of hormones, which are essential for reproductive function in
both males and females. Furthermore, in a study by [18], defective sperm integrity was induced by high-fat
diet-induced obesity in male Wistar rats, and this defect was ameliorated by melatonin supplementation at 4
mg/kg. As a result of these beneficial properties, melatonin can enhance reproductive health. Despite these
reports, there has been a limited investigation of the role of melatonin on bisphenol A-mediated repro-toxicity.
Therefore, this study aims to investigate how melatonin mitigates BPA-induced testicular dysfunction in rats.
Findings from this study will be relevant to enhancing reproductive health among populations exposed to

bisphenol A.
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2. Materials and Methods
2.1. Chemicals and Reagents
Melatonin and Bisphenol A were obtained from Sigma-Aldrich Co. (USA). Melatonin (98% purity, dis-
solved in 0.5% ethanol in normal saline) was given at 10 mg/kg body weight (22). Bisphenol A was dissolved
in DMSO, solubilized in canola oil, and given at 10 mg/kg body weight (22). All chemicals and reagents used
were of standard analytical grade.
2.2. Animals
Forty male Wistar rats (160 = 10 g) sourced from the Faculty of Veterinary Medicine, University of Iba-
dan, Laboratory Animal House were used. Rats in each group were housed in a cage measuring 60 x 60 x 50
cm and maintained under regulated environmental conditions of a temperature (25 +2.0°C), relative humidity
(50 + 15%), and photoperiod (12-hr light and 12-hr dark). The rats lived on a standard commercial diet with
unlimited access to drinking water. All the procedures used in this study followed ethical standards and
guidelines and the study was duly approved by the Institutional Ethics Committee (UI-ACUREC /17/0069).
2.3. Experimental Protocol
The animals were grouped randomly into four (n=10) and treated as follows.
Group A: Rats received 0.2 mL of olive oil orally for 45 days
Group B: 10 mg/kg body weight MLT administered intra-peritoneally, daily for 45 days.
Group C: 10 mg/kg body weight BPA administered orally, daily for 45 days
Group D: Concurrent oral administration of BPA (10 mg/kg) and intra-peritoneal administration of MLT
(10 mg/kg) daily for 45 days.
The treatment modality was previously described [19, 20, 22].
2.4 Histopathology of the testis
Following diethyl ether anaesthesia and euthanasia by cervical dislocation, the testis was excised and
observed for any sign of gross morphological changes. The testis was weighed and samples from the right
testis were obtained, fixed in 4% buffered formalin solution, embedded in paraffin, and sectioned (5 pm-thick)
for haematoxylin and eosin (H & E) staining. Stained slides were examined under a bright field light micro-
scope (Olympus Corporation, Tokyo). Microscopy evaluations were performed as described for testicular tox-
icity [21].
2.5. Transmission Electron Microscopy
Fixed (glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, 4 h., 4 °C) testicular samples were
rinsed several times and again fixed in 1% osmium tetroxide, and dehydrated in a graded ethanol solution.
The clearing of the tissues was done using propylene oxide, infiltrated with both 1:1 propylene oxide: epoxy
resin and 1:2 propylene oxide: epoxy resin solutions, and finally kept in 100% epoxy resin for 36 h under
vacuum. This was followed by embedding the tissues in fresh epoxy resin and curing at 60 °C for two days.
Semi-thin sections were stained using toluidine blue and viewed with a light microscope (Olympus BX63
fitted-DP72 camera). Ultra-thin sections (70-80 nm), double-stained with uranyl acetate and lead acetate were
also viewed under a transmission electron microscope (Philips CM 10 TEM) which operates at 80 KV. The
micrographs of the different testicular sections were captured (Gatan 785 Erlangshen digital camera, Gatan
Inc., Warrendale, PA), analysed, and assembled (Adobe Photoshop CS5, Adobe Systems, San Jose, CA)
[22].
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2.6. Immunohistochemistry

The immunostaining for the detection of aSmooth Muscle Actin (aSMA), S5-100 protein and Vimentin
(Vm) was carried out according to the method described [22]. Briefly, super frosted slides containing testicular
sections were de-waxed in xylene and rehydrated a graded concentration of alcohol. 3% hydrogen peroxide
was used to block endogenous activity. Antigen retrieval was done by heating the citrate-buffered (0.1M, pH
6.0) tissue sections for 7 min (repeated three times) using a microwave at 750W. The slides were allowed to
cool for 20 min after which they were washed with phosphate-buffered solution (PBS) (pH 7.2) thrice for 5
min each. Tissue permeabilization was carried out with 0.3% (v/v) Triton X-100 (Sigma, USA) in PBS for 10
min. Normal goat serum supplied with the Immunocruz mouse staining kit was used in blocking the slides
for 1 h before incubation with primary antibodies, monoclonal mouse anti-a-smooth muscle actin 1:200,
MO085101; polyclonal rabbit anti-S-100, Dako, Z0311, 1:2000, and monoclonal mouse anti-vimentin 1:200,
M072501, overnight at 4 °C in a humidified chamber. Following incubation, the slides were washed with PBS,
and incubated again with biotinylated goat anti-mouse secondary antibody for 90 min. The slides were rinsed
in PBS thrice for 5 min each, incubated again with a streptavidin horseradish peroxidase complex (Im-
munocruz kit) for another 30 min, and finally washed with PBS thrice for 5 min each. Following the addition
of 0.05% (w/v) 3, 3, 9-diaminobenzidene (DAB) tetra-hydrochloride solution (Sigma, USA) and counterstain-
ing using Mayer’s Haematoxylin stain, the slides were mounted and visualized afterwards using a bright-
field light microscope (Olympus BX63 fitted-DP72 camera. The protein expression level in area per cent was
determined in the testes using an image analyser (Leica Qwin 500 C, Cambridge, UK) and 10 non-overlapping
fields for each rat were taken (x400) as previously reported [23].

2.7. Statistical analyses
The One-way Analysis of Variance (ANOVA) was utilized in this study, with the significant level set

at p<0.05, using IBM SPSS Version 20. The data were presented as means plus standard deviation (SD).

3. Results
3.1. Histological changes in the testicular sections of exposed rats

In Fig. 1, the testicular sections of the control and MLT-exposed rats showed no visible lesions. The
seminiferous tubules were intact including the normal succession of enclosed Sertoli cells and spermatogenic
cells (Fig. 1). In addition, the testes interstitial was intact in the control and MLT-exposed rats, possessing
Leydig cells as well as blood vessels. The rats of BPA-exposed groups displayed hyperaemia of the interstitial
including sloughing of interstitial elements. There were testicular vacuolations within the seminiferous tu-
bules in addition to a reduction in the number of elongated spermatids and disintegration of the basement
membrane of seminiferous tubules in the BPA-exposed group (Figs. 1 and 2). Also, in the BPA-exposed group,
the rats showed fewer spermatozoa in the lumen of the seminiferous tubules (Fig. 2). The MLT reversed these

observations in the BPA and MLT co-treated group (Figs. 1 and 2).
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Fig. 1: Bisphenol A caused alterations in the seminiferous tubules of treated rats’ testes.

Groups A and B showed no visible lesions. The seminiferous tubules were filled with normal germ cells
(SGC), and spermatozoa (SPZ), and the interstitial are intact (IT). C. shows hyperaemia of the interstitial (ar-
row), sloughing of interstitial elements (black star), elongated spermatid (white star) reduction, and germinal
cell degeneration (ER). D. shows intact interstitial (IT), spermatogenic cells (SGC), and spermatozoa (SPZ). A
= Control, B=MLT exposed, C = BPA exposed, and D = BPA + MLT exposed. Scale bar = 20um (H & E).

-

Fig. 2: Sections of the treated testes showing the various cell types.

Groups A and B: increased number of Leydig cells (LC), spermatozoa (SPZ), blood vessels (BV) and

intact spermatogenic cells (SGC). Group C: shows testicular interstitial sloughing (star) with fewer Leydig
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cells (LC), sloughing of germ cells (ER) and seminiferous tubules basement membrane disintegration (arrow-
head) with fewer number of elongated spermatid (circle) and testicular vacuolations (V). Group D: shows
normal elongated spermatids, spermatogenic cells (SGC) and sIn Fig 3., the seminiferous tubules that
housed the spermatogenic cells and Sertoli cells in the control and MLT-exposed rats were intact
with the spermatogonia found at the basement membrane in close opposition with Sertoli cells (Fig.
3). The BPA induced pyknotic nuclei formation and Sertoli cell cytoplasmic processes dissolution in-
cluding testicular vacuolations, germinal cells sloughing, and distortion of the seminiferous tubules’
basement membrane (Fig. 3). At higher magnpermatozoa (SPZ). A = Control, B=MLT exposed, C = BPA
exposed, and D = BPA + MLT exposed. Scale bar = 20um (H & E).

3.2. Transmission Electron Microscope (TEM) of the testes of treated rats
Identification, numerous mitochondria and lipid droplets in the Sertoli cells cytoplasm were observed
in the control and MLT-exposed groups (Fig. 4). In the co-treated MLT and BPA group, MLT reversed the

effect of BPA to reflect the observations seen in the control group (Fig. 4).
A ik ; s ‘-t “Zag W' T afg @ y, %? "'- Lo ')7'. g@

Fig. 3. Transmission Electron Microscopy sections of the seminiferous tubules of treated rats

Groups A and B showed intact spermatogonia (SG), Sertoli cell nucleus (SCN) and its cytoplasm (SCC),
Group C: shows deranged basement membrane of the seminiferous tubules, pyknotic nucleus (PN) with se-
vere germinal cell loss and the lack of Sertoli cell cytoplasmic processes (star), Group D: MLT reversed the
derangement induced by BPA. A = Control, B=MLT exposed, C=BPA exposed, and D =BPA + MLT exposed.

Scale bar =5 pum.
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Fig. 4. Transmission Electron Microscopy sections of the Sertoli cells of treated rats.

Groups A and B displayed intact Sertoli cell nucleus (SCN) and Lipid droplets (LD) including numerous
mitochondria (MT), Group C: there was a pyknotic nucleus of the Sertoli cells, Group D: the mitochondria
(MT), lipid droplets (LD) and Sertoli cell nucleus (SCN) were intact. A = Control, B=MLT exposed, C = BPA
exposed, and D = BPA + MLT exposed. Scale bar = 2um

Fig. 5 shows an intact testicular interstitial of the control and MLT-exposed rats, with Leydig cells hav-
ing no pathologic nucleus and cytoplasm, blood vessels, and lipid droplets. The TEM sections showed that

BPA caused severe sloughing of the testicular interstitial with reduced Leydig cells which contained nuclei

with no visible cytoplasm (Fig. 5). This was reversed in the BPA+MLT-exposed group (Fig. 5).

Fig. 5. Transmission Electron Microscopy sections of the Leydig cells of treated rats.
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Groups A and B show no visible lesion of the Leydig cells (LC), Group C: shows Leydig cells (LC)
having a dissolution of the cytoplasm and loss (star) of the interstitial (see Inset, Scale bar = 5pum), Group D:
shows intact (arrow) interstitial and Leydig cell (LC). A = Control, B=MLT exposed, C =BPA exposed, and D
=BPA + MLT exposed. Scale bar = 2um.

Fig. 6 shows that the control and MLT-exposed groups present with intact and round spermatids pos-
sessing normal acrosomal vesicles and granules and cytoplasm containing abundant mitochondria. There
were round spermatids with deranged acrosomal vesicles and a lack of granules and mitochondria in the

BPA-exposed group (Fig 6.). This was reversed in the BPA+MLT-exposed group (Fig. 6).

Fig. 6. Transmission Electron Microscopy sections of the acrosomal vesicle of treated rats.

Groups A and B: present an intact acrosomal vesicle (AV) and granule (star) with several mitochondria,
Group C: presents a deranged acrosomal vesicle (AV) and reduced spermatid cytoplasm content (star), Group
D: intact acrosomal vesicle (AV) and granule (star) with abundant mitochondria. A = Control, B=MLT ex-

posed, C = BPA exposed, and D = BPA + MLT exposed. Scale bar = 1pum.

In Fig. 7, there was nuclear condensation and Sertoli cell cytoplasmic processes surrounding the elon-
gated spermatids of the control and MLT-exposed rats. Conversely, the elongated spermatids showed karyor-
rhexis and dissolved Sertoli cell cytoplasmic processes in the BPA-exposed rats (Fig. 7). However, these lesions

were reversed in the BPA+MLT-exposed group (Fig. 7).
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Fig. 7: Transmission Electron Microscopy sections of the spermatids of treated rats.

Groups A and B showed intact spermatid (ES), Group C: showed karyorrhexis (star) of elongated sper-
matid (ES), and Group D: shows elongated spermatid having normal nuclei. A = Control, B =MLT exposed,
C =BPA exposed, and D = BPA + MLT exposed. Scale bar =1 pum.

Fig. 8 revealed the 9+2 axoneme arrangement of the flagellar apparatus of spermatozoa in the control
and MLT-exposed rats and a distortion of the 9+2 axoneme arrangement in the BPA-exposed rats (Fig. 8).
However, there was a restoration of the 9+2 axoneme arrangement of flagellar apparatus of spermatozoa in

the BPA+MLT exposed rats (Fig. 8).

Fig. 8: Transmission Electron Microscopy transverse section of the Axoneme of Sperm cells.
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Groups A and B showed an intact 9+2 Axoneme structure (white arrow), Group C: showed a deranged
axoneme structure of the sperm cell, and Group D: showed an intact 9+2 Axoneme structure of the sperm cells.

A = Control, B=MLT exposed, C = BPA exposed, and D = BPA + MLT exposed. Scale bar =0.5 pm.

3.3. Immunostainings of the testes of treated rats

Table 1 shows the expression levels of alpha Smooth Muscle Actin (aSMA), S-100, and Vimentin (Vm)
in the testes of rats exposed to the test samples. aSMA, S-100, and Vm proteins were significantly (p<0.05)
downregulated in the BPA-exposed rats compared to the control (Table 1 and Figs. 9 to 10). There was no
significant difference (p>0.05) in the expression level of the proteins between the control and MLT-exposed
groups (Table 1 and Figs. 9 to 10). Although not significant, MLT enhanced the expression levels of aSMA, S-
100, and Vm in the testes of the co-exposed rats (Table 1 and Figs. 9 to 10), especially at the Leydig cells, blood
vessels, and peritubular membrane level (Figs. 9 to 10).

Table 1. Quantification of protein expression levels in the testes of treated rats

Proteins CONTROL MLT BPA BPA+ML T

aSMA (%) 8.85+0.552 9.98+0.51a 4.48+0.370 5.80+2.35a
S-100 (%) 4.72+0.512 4.88+0.612 3.40+0.01b 5.24+0. 262
Vm (%) 7.87+1.57 7.35+1.162 4.39+1.13b 4.68+0.252

Each result represents value of mean + standard deviation. Values with similar superscript ‘a’ and ‘b’
within rows are significantly (p<0.05) different.

aSMA S-100 Vimentin

Fig. 9: Immunostaining for aSMA, S-100, and Vimentin proteins in the testes of treated rats.

In 9A, Groups A and B show higher immunopositivity for aSMA, especially at the basement membrane
and blood vessels; aSMA immunopositivity was reduced at the basement membrane (arrowhead) and blood
vessel (star) in Group C, Group D showed enhanced aSMA immunopositivity at the basement membrane (ar-
rowhead) and blood vessel (star).

Similarly, in 9B, 5-100 immunopositivity was pronounced in the Leydig cells (arrow), blood vessels (star),
and peritubular membrane (arrowhead) of Groups A and B. S-100 reduced in intensity in Group C at the perit-

ubular membrane (arrowhead) and blood vessel (star). Group D showed enhanced S-100 immunopositivity in



Cluj Vet ] 2025, vol 30, issue 2 20 of 66

the peritubular membrane (arrowhead) and Leydig cells (star). In 9C, Vimentin expression was observed in the
blood vessels and Leydig cells of rats in Groups A and B. Group C showed a reduction in vimentin staining
intensity. Group D showed improved vimentin staining intensity in the blood vessels and peritubular membrane.

A = Control, B=MLT exposed, C = BPA exposed, and D = BPA + MLT exposed. Scale bar = 20pm.

Fig. 10: Immunostaining for Vimentin in the testes of treated rats at higher magnification. Groups A and B showed
vimentin-positive-Sertoli cells, Group C: shows a significant reduction in vimentin expression in the Sertoli cell level, and
Group D: shows an improved vimentin expression. A = Control, B = MLT exposed, C = BPA exposed, and D = BPA + MLT

exposed. Scale bar = 10um.

4. Discussion

Bisphenol A was described as an endocrine-disrupting chemical which alters normal reproductive func-
tion [12]. [24] reported that the exposure of rats to Bisphenol A results in a decrease in sperm motility, which
may be due to an increase in reactive oxygen species level. In addition, in a study by [11], the exposure of BPA
at a concentration of 50 uM was associated with early DNA damage responses and perturbed cytoskeleton in
the C18—4 spermatogonia cell line, further emphasizing the reproductive toxicity of BPA. We have seen in this
study that exposure of rats to 10 mg/kg BPA for 45 days is capable of causing testicular dysfunction, which
could subsequently precipitate infertility.

The histological assessment of the testes in the current study showed that exposure of rats to BPA
caused testicular damage, including a reduction in germ cell number (Figs. 1 to 2). This reflects the capability
of BPA to alter spermatogenesis in rats with an attendant effect on reproductive function. This corroborates
the findings of [25], who exposed mice to graded doses of BPA. Some reports on the role of BPA in the repro-
ductive performances of male rats have shown that bisphenol A impaired male fertility. Bisphenol A causes
testicular dysfunctions, including induction of death of testicular germ cells, disruption of the junctional pro-
teins of the blood-testis barrier, and distortion in androgen binding protein and steroidogenic enzymes levels
[8, 9, 25, 26, 27, 28]. The morphological injuries in the testes induced by BPA in our study (Figs. 3 to 8) are

similar to the previous reports in the prostate gland, adrenal gland, and cardio-renal system [22, 38, 39]. Other
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studies further corroborate the observed BPA-induced histological derangement in the testes. However, the
experimental animal model used was mice, with higher doses, and for longer periods [9, 25].

Several proteins, such as a-SMA, 5-100, and Vm, are relevant biomarkers for investigating the repro-
ductive toxicity of BPA and were used in this study. In this study, the administration of bisphenol A was
associated with the downregulation of a-SMA, 5-100, and Vm in the testes of male Wistar rats (Fig. 9 to 10).
This finding aligns with the findings of [29], who reported a decrease in vimentin and SMA expression in the
mammary glands of rats prenatally exposed to BPA. [22] also reported a decreased localization of a-Smooth
muscle actin, vimentin, and 5100 proteins in the prostate of BPA-exposed rats. This multi-reproductive organ
toxic effect of BPA presents a significant reproductive implication.

5-100 belongs to the Ca? binding protein subfamily which has been reported to play a significant role
in motility chemotaxis, and secretion in living systems [30]. Both 5-100 and a-SMA have been widely consid-
ered biologically active proteins of the male reproductive organ. They possess functional relevance in absorp-
tion, secretion and contractile activities [31]. Similarly, Vimentin is a type III intermediate filament which
maintains the structural integrity and mechanical resilience of cells and assists in keeping normal differenti-
ating germ cell morphology [32]. The downregulation of these proteins in the testes of male Wistar rats by
BPA could imply an impaired testicular secretion. This might also be associated with reduced sperm motility,
as suggested by [22]. Since these proteins play a tremendous role in structural integrity, their downregulation
is also a suggestion of the susceptibility of the testes to cellular damage. According to [33], a-SMA, once down-
regulated, might result in impaired smooth muscle function, which could compromise sperm transport and
reduce overall reproductive efficiency.

However, melatonin demonstrated a therapeutic effect on the testes of the rats by upregulating the
expression of a-SMA, 5-100, and Vm (Figs. 9 to 10). Melatonin has been previously reported to possess anti-
oxidative properties, making it a potential therapeutic agent in numerous pathological conditions. [14] re-
ported that melatonin functions by forming a chelate with transition metals, which are involved in the Fen-
ton/Haber-Weiss reactions. As a result, this prevents the formation of hydroxyl radicals, which play a signifi-
cant role in oxidative stress. [34] also reported that melatonin directly scavenges free radicals and exhibits
anti-inflammatory properties.

The upregulation of a-SMA, 5-100, and Vm in the testes of male Wistar rats by melatonin was in align-
ment with the findings of [22], who reported a modulating effect of melatonin through the upregulation of
vimentin, S-100, and a-smooth muscle actin. In addition, [9] have previously reported the therapeutic effect
of melatonin in alleviating testicular damage caused by BPA. Therefore, melatonin could play a significant
role in enhancing tissue integrity and cellular function. The upregulation of vimentin by melatonin in the
testes of rats in this study could indicate its protective effect on the structural framework of the testes and
epididymis, potentially stabilizing the cytoskeleton and promoting tissue repair or preservation [35].

Furthermore, S-100 has been reported to be involved in the inflammatory response [30], and its upreg-
ulation by melatonin could indicate the potential of melatonin to reduce oxidative stress and inflammatory
damage implicated in impaired testicular and epidydimal function. Lastly, since melatonin upregulated the

expression of a-SMA, melatonin could play a crucial role in regulating smooth muscle contraction needed for
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sperm transport and general reproductive health [36]. The coadministration of both bisphenol A and melato-
nin was associated with the upregulation of vimentin, S-100, and a-smooth muscle actin in the testes of male
Wistar rats. This suggests that melatonin can efficiently counteract the reproductive toxicity presented by bi-
sphenol A, a finding supported by the report of [37].

Conclusions

We have reported that long-term exposure to low-dose BPA causes histological changes in the testes
and downregulation of a-smooth muscle actin, S-100, and vimentin. The study has also demonstrated the
ability of MLT to protect against BPA-induced testicular dysfunctions. Hence, MLT could be a therapeutic

agent in preventing BPA-mediated male reproductive organ damage.
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Abstract: Lagenaria breviflora has been traditionally utilized as a natural remedy for various diseases including measles,
smallpox, human chickenpox and Newcastle disease in poultry, as well as parasitic infections caused by Eimerias pp
and Ascaridia galli. This study investigated the antiviral potential of L. breviflora fruit methanol extract against Canine
Parvovirus using experimentally infected 10-day old embryonated chicken eggs. The eggs were apportioned to 11
groups (n=5) with Group 1 serving as control, while Group 2 remained inoculated with the virus only. Group 3 and 4
received only L. breviflora extract (25mg/ml and 50mg/ml), while Groups 5-11 were inoculated with the virus and graded
concentrations of L. breviflora extract (1.5625mg/ml to 100mg/ml) respectively. Gross and histological changes were
assessed 24h post-inoculation. The results revealed significant pathologies such as congealed mass of embryo tissue
with disruption of membrane and neuronal layer arrangement, haemorrhage, distorted membranes and necrosis in the
untreated infected embryos consistent with Canine Parvoviral infection. Embryos treated with the extract, particularly
at concentrations of 3.125-12.5mg/ml, exhibited significantly reduced pathognomonic signs of Canine Parvo Enteritis,
presented as slight haemorrhage and blood vessel congestion. Eggs inoculated with higher concentrations (25-
100mg/ml) showed signs of toxicity reflected as severe congestion, degeneration and necrosis. This study therefore
concluded that the methanol extract of L. breviflora fruit at low concentrations demonstrated antiviral activity against
Canine Parvovirus, inhibiting virus growth and degenerative pathologies in embryonated chicken eggs. Concentrations
>12.5mg/ml was embryotoxic.

Keywords: Canine Parvovirus, Embryonated Chicken Eggs, Inoculation, Lagenaria breviflora.
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Canine Parvovirus (CPV) remains a significant enteric virus infecting domesticated
and feral breeds of dogs globally. It is a fatal virus that spreads rapidly, causing severe
morbidity and high mortality in Canines [1]. Early presentation and treatment are
significant determinants of the survival rates, which may be up to 95% if treated early and
as low as about 9% when presented late or not treated [2]. Usually, unvaccinated dogs,
especially puppies and those with low maternal immunity or poor management

- conditions, are more susceptible to the infection [3]. Most dog owners are well-informed
Copyright: © 2025 by the authors.  ahout the vaccination protocols against this virus, and affordability has not been
Submitted for possible open access challenging.

The virus species is classified within Parvoviridae, subfamily Parvovirinae, and genus
Protoparvovirus, a virus family known for its high pathogenicity [4,5]. Despite the
knowledge of the circulation of canine parvovirus subtypes in Nigeria and routine
vaccination of dogs, some vaccinated dogs still come down with Canine Parvoviral
Enteritis (CPE). The polyvalent vaccine DHLPP (Distemper Hepatitis Leptospirosis
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Parvovirus Parainfluenza) for dog vaccination against CPV in Nigeria is mainly adopted. The CPV subtype
in most vaccines is either the wild-type CPV or CPV-2b [6].

These may cause the outbreak of the disease in vaccinated dogs since vaccination of puppies with
heterologous subtypes of the virus has been shown to yield a lower antibody titer than the homologous
virus [7]. As such, some commercial CPV vaccines that contain only one or two subtypes or wild-type CPV
do not confer significant immunity against CPV. Moreover, CPV-2a, the most prevalent serotype of CPV
in Nigeria, has been reported as preponderant, despite the surge in the CPV-2c serotypes recorded lately
[2].

Vaccine break or low immunity leads to full-blown CPE, which clinically presents with hemorrhagic
diarrhoea and vomiting. Severe intestinal crypt cell damage, erosion of enteric blood vessels and massive
haemorrhage in the gastrointestinal tract are sequels of the viral invasion of cells [2]. Host cells undergo
cell cycle arrest, apoptosis and necrosis of intestinal crypt cells [8]. Supportive care is the primary
therapeutic protocol adopted, focusing on mitigating diarrhoea and vomiting. Lost electrolytes are restored
via fluid therapy, and antibiotics are administered to treat opportunistic secondary bacterial infections.
Other supportive care is given based on clinical signs observed [9]. However, the economic implication of
therapy is usually very high with extensive days of treatment [10,11].

From the foregoing, developing alternative therapies from affordable and available sources within the
environment is pertinent. Due to viral resistance, viral latency, and contradictory efficacy in recurrent
infection of susceptible populations, developing antiviral medicines, mainly, has been challenging [12].
The outbreaks of viral diseases have been on a rampage within animal populations globally, with
incidences of emerging and re-emerging virulent virus strains [13]. Therefore, it is vital to prioritize
discovering new antiviral agents, especially those that can ameliorate the cytopathic effects of the virus.

Medicinal plants are potential sources for discovering remedies for various disease pathogens,
including viruses. One such plant is Lagenaria breviflora Roberts (Family Cucurbitaceae), a plant reported
to have demonstrated antiviral activities against Newcastle disease and measles viruses [14,15]. It is a
perennial climber that grows in the wild in tropical Africa, mounting up the forest canopy and occupying
the regions from Senegal to West Cameroons. The fruits have been reportedly used in folkloric medicine
for prophylaxis and viral infection therapy, including measles, smallpox, human chickenpox, and
Newcastle disease in poultry [5,16]. Previous reports have also documented its anti-ulcerogenic [17],
haematinic and immunostimulatory [18], antidiarrhoiec and intestinal smooth muscle relaxant effects [19].

Therefore, in the quest to discover alternative therapies for CPE, this study investigated the
antiviral potential of L. breviflora Roberts' whole fruit against CPV in embryonated chicken eggs.

2. Materials and Methods

2.1. Preparation of viral inoculum

The viral inoculum was prepared from a diarrheic faecal sample collected from a dog diagnosed
with canine parvovirus (CPV) infection at the Veterinary Teaching Hospital, University of Ibadan. The
sample was stored at -80°C until processing immediately. Viral presence was confirmed using an immu-
nochromatographic test kit (BioNote, Inc., Gyeonggi, Republic of Korea; Catalog No. VCHECK® CPV Ag),
following the manufacturer’s instructions. A sterile viral transfer medium (VIM) was prepared by com-
bining 500 mL glycerol (Sigma-Aldrich, St. Louis, MO, USA; Catalog No. G5516), 600 mg penicillin (Sigma-
Aldrich; Catalog No. P3032), 5 g streptomycin (Sigma-Aldrich; Catalog No. 59137), 280 mg gentamycin
(Sigma-Aldrich; Catalog No. G1272), and 100 mg amphotericin B (Sigma-Aldrich; Catalog No. A2942) in a
500 mL sterile bottle. The pH was adjusted to 7.2 using 1M NaOH (Sigma-Aldrich; Catalog No. S8045) and
verified with a calibrated pH meter (Hanna Instruments, HI2211).

For sample processing, 1 g of faecal sample was suspended in 500 pL. of VIM and vortexed (Scien-
tific Industries Vortex Genie 2) for 2 min at maximum speed. The suspension was centrifuged at 6,000 x g
for 15 min at 4°C (Eppendorf Centrifuge 5810R, rotor F-45-30-11). The supernatant was filtered through a
0.22 um pore-size syringe filter (Millex®-GP, Millipore, Bedford, MA, USA; Catalog No. SLGP033RB)



Cluj Vet ] 2025, vol 30, issue 2 27 of 66

under laminar flow to remove bacterial contaminants. The labelled CPV inoculum filtrate was aliquoted

into 1.5 mL sterile microcentrifuge tubes (Eppendorf) and stored at —20°C until use.

2.2. Quantification of viral inoculum using spectrometry

Concentration of viral particle was estimated as described by Maizel et al. (1968) with a slight mod-
ification [20], and optical density of 1.00 AU (1ecm pathlength) at 260nm, matching 1.1 x 10%? viral parti-
cles/mL was considered appropriate. Absorbance unit at 260nm and 320nm were determined from the
spectrometric measurement using a NanoDrop™ 2000 spectrophotometer (Thermo Fisher Scientific). Cor-
rected values of A260 absorbance were computed by subtracting the obtained values (A260 — A320) and
then, the virus concentration for each of the inoculation hours was calculated using the expression:

Virus concentration [vir/mL] = corrected A260 x 1.1x1012

-A260 represent the optical density at 260nm.

-A320 represent the optical density (background and scatter correction) and

-1.1x10"2 is the number of virus particles per mL per 1 AU at 260nm.

2.3. Preparation of Lagenaria breviflora Extract

Fresh fruits of L. breviflora (40-50 balls) were harvested from the Teaching and Research Farm, Uni-
versity of Ibadan, Nigeria. A taxonomist confirmed Botanical identification, and a voucher specimen
(Voucher No. LB-2023-001) was deposited at the Herbarium, Department of Botany, University of Ibadan.
The fruits were washed with distilled water, sliced into small cubes measuring approximately 1 cm x 1 cm
x 1 cm (1 ecm?®), and air-dried at 25°C for 48 h.

About extraction, 500 g of dried material was soaked in 2 L of 96% methanol (Sigma-Aldrich; Catalog
No. 322415) in a glass amber bottle for 72 h at 25°C with occasional shaking. The mixture was filtered
through Whatman No. 1 filter paper (GE Healthcare), and the filtrate was concentrated under reduced
pressure at 40°C using a rotary evaporator (BUCHI R-300, Switzerland; water bath set at 40°C, vacuum
pressure: 175 mbar). Residual methanol was removed by placing the extract in an oven (Memmert UN110)
at 40°C for 24 h. The extract was neutralized to pH 7.0 by adding 0.2 mL of 1M NaOH per 10 mL of extract,
then sterilized by filtration through a 0.45 um microbial filter (Millipore) and stored in sterile amber bottles
at 4°C.

The extract was reconstituted with an antibiotic solution containing Penicillin, Streptomycin, Gen-
tamycin, and Amphotericin B (PSGA), and solutions were refrigerated for 1h at 4°C. Stock solution of 1000
mg/ml of the fruit extracts was diluted in PSGA to a working concentration of 250 mg/ml and further
diluted to 200 mg/ml in PSGA. Further, 1:2 dilutions were made to achieve final extract concentrations of
100, 50, 25, 12.5, 6.25, 3.125, and 1.5625mg/ml. The extract was reconstituted with the virus inoculum (1:1)

and cooled at 40C for 4 hours before introduction into embryonated eggs [19].

2.4. Experimental Design

Fertilized specific-pathogen-free (SPF) eggs were purchased from a commercial breeder (Amo Farm
Sieberer, Ibadan, Oyo State). The eggs were disinfected with 70% ethanol, arranged in an egg crate, and
subjected to incubation within a humidified incubator (G.Q.F Manufacturing Incubator) at 370C with the

air sac facing upwards with 60% relative humidity.
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On the eighth day of incubation, the eggs were candled to assess fertility. An egg was deemed fertile
if a thin blood vessel leading to a bean-shaped embryo with visible eyes was observed while infertile eggs
were sorted out and discarded.

On day 10, the eggs were randomly allocated into 11 groups (n = 5 eggs/group). Group 1 served as
the uninoculated control (0.2 mL sterile PBS), while Group 2 received CPV inoculum only (0.2 mL). Groups
3 and 4 were inoculated with L. breviflora extract at 25 or 50 mg/mL, respectively. Groups 5, 6, 7, 8, 9, 10
and 11 were embryonated eggs inoculated with the virus-extract suspension containing graded concentra-
tions of the extract, respectively: 100, 50, 25, 12.5, 6.25, 3.125, and 1.5625mg/ml to establish the antiviral
effect of this plant extract. The eggs were drilled at the air sac, ending using a sterile 23-G needle for inoc-
ulation. Each egg received a volume of 0.2 ml of virus-extracted inoculum via the drilled hole into the
chorioallantoic cavity. This was, afterwards, sealed with sterile paraffin wax.

The eggs were incubated for 24 h at 37°C and then chilled at 4°C to constrict chorioallantoic mem-
brane (CAM) blood vessels. Post-chilling, the eggshells were cracked open, and the embryo with CAM was
harvested aseptically. The gross pathologies were photographed and eventually fixed in 10% formalin for
histopathology for 48 h [21].

Histopathology

The (CAM) tissue and embryo were fixed in formalin for 48 h, dissected and placed in labelled cas-
settes. These tissues underwent dehydration in increasing ethanol concentrations (70%, 90%, 100%), fol-
lowed by xylene clearing to remove alcohol. They were then infiltrated with molten paraffin wax at 56°C,
moulded, and solidified for microtome sectioning (Leica RM2235) at 5 um thickness. Thin wax sections

were stained with hematoxylin and eosin (H & E).

The staining process involved dewaxing in xylene, rehydration in decreasing alcohol
concentrations, washing, staining, dehydration, and mounting in DPX. Finally, the slides were air-dried
and examined microscopically with a microscope (Olympus BX53) at 100x and 400x magnification [22].

3. Results

3.1. Morphology and Gross Pathology

No visible lesions were observed in the uninoculated untreated embryos, the yolk sac, and albu-
min, while the inoculated untreated embryos presented as a congealed hemorrhagic mass. Embryos inoc-
ulated with CPV, treated with 1.562mg/ml and 3.125mg/ml of L. breviflora (LB) extract, showed whitish
and cloudy albumin, respectively. A slight haemorrhage and congestion were equally observed at both
concentrations. The group inoculated and treated with 6.25mg/ml of LB extract presented with slight con-
gestion in some membranous vessels on the embryo, while inoculated embryos treated with 12.5mg/ml of
LB extract showed a rounded embryo with severely congested membranous vessels and slightly cloudy
albumin. Inoculated embryos treated with 25mg/ml and 50mg/ml showed haemorrhage and an edematous
appearance within the embryo and membrane, mixed with a gelatinous yolk sac and albumin. There was
severe congestion around the yolk sac and mild ecchymosis on the surface of embryos treated with
25mg/ml. The albumin of embryos treated with 50mg/ml of LB extract was clear with mild haemorrhage.
Inoculated embryos treated with 100mg/ml of LB extract lost embryonic comma shape; the yolk sac and

albumin had merged, with a yellow tinge of the yolk sac (Figure 3.1).
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GRP1 (Uninoculated untreated):-Normal embryo, yolk sac and albumin. No visible lesion

GRP 2 (Inoculated untreated):-Congealed mass showing hemorrhage (black arrow) in the embryo

GRP3 (LB extract (25mg/ml): -Hemorrhage and oedematous appearance within the embryo and membrane in a gelatinous mix of yolk sac and albumin
GRP4 (LB extract (50mg/ml):-Embryo and membrane in a gelatinous mix of yolk sac and albumin

GRP 5 (Inoculated —-LB extract (100mg/ml):- Embryo has lost its comma shape, yolk sac and albumin has merged yolk sac has a tinge of yellow

GRP 6 (Inoculated — LB extract (50mg/ml):-Albumin is clear, mild hemorrhage (Black Arrow)

GRP 7 (Inoculated — LB extract (25mg/ml)-Severe congestion around yolk sac (Black Arrow), Mild ecchymosis on the surface

GRP 8 (Inoculated — LB extract (12.5mg/ml): -Severe congestion around yolk sac, Mild ecchymosis on the surface (Arrow Head)

GRP 9 (Inoculated — LB extract (6.25mg/ml):-Slight congestion on some membranous vessels

GRP 10 (Inoculated — LB extract (3.125mg/ml): -Albumin is cloudy, slight congestion

GRP 11 (Inoculated — LB extract (1.5625mg/ml)-slight hemorrhage (Arrow head), Albumin is whitish

Figure 3.1: Gross pathology of chicken embryonated eggs inoculated with CPV and treated with L. breviflora whole fruit extract (X100)
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3.2. Histopathology of Embryo Head

The membrane of the uninoculated-untreated embryo head was intact with normal integrity of par-
enchymatous cells. In contrast, the inoculated-untreated group showed a distorted membrane and disrup-
tion of neuronal layer arrangement. Embryos were inoculated but treated with 1.5625mg/ml of LB extract,
which showed neuronal layer disruption and areas of spongiosis. Compared, extended cavernous spaces
containing bloody spots were observed for inoculated-treated embryos at 3.125mg/ml. Inoculated-treated
embryos with 6.25mg/ml of LB extract showed areas of mild blood accumulation. However, a relatively
normal and parenchymatous cell membrane integrity was observed at 12.5mg/ml LB extract of inoculated-
treated embryos. Inoculated embryos treated with 25mg/ml of LB extract presented as membrane-bound
accumulation of blood and areas of spongiosis.

In contrast, the inoculated-treated group at 50mg/ml of LB extract maintained normal parenchyma-
tous cell integrity. In addition, embryos treated with LB extract at 25mg/ml had focal points of severe ne-
crosis in the parenchyma, while the group treated with 50mg/ml showed neuronal layer arrangement dis-
ruption. Finally, embryos inoculated and treated with 100mg/ml of LB extract revealed disruption of neu-

ronal layer arrangement and a mild area of spongiosis (Figure 3.2).
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GRP1- Intact membrane (black arrowhead). Integrity of parenchymatous cells is normal (yellow arrow)
GRP 2- Distorted membrane (black arrowhead). Disruption of neuronal layer arrangement (red arrow)
GRP3 - focal point of severe necrosis in the parenchyma (red arrowhead)

GRP4- Disruption of neuronal layer arrangement (red arrow).

GRP 5- Disruption of neuronal layer arrangement (red arrow). Mild area of spongiosis (yellow arrowhead)

GRP 6- Integrity of parenchymatous cells is normal (yellow arrow)

GRP 7- Membrane bound accumulation of blood (black arrow). Areas of spongiosis (yellow arrowhead)

GRP 8 - Fairly normal membrane (black arrowhead). Integrity of parenchymatous cells is normal (yellow arrow)
GRP 9- Areas of mild accumulation of blood (black arrows)

GRP 10- Mildly extended cavernous spaces containing bloody spots (black arrows)

GRP 11- Disruption of neuronal layer arrangement (red arrow). Areas of spongiosis (yellow arrowhead)

Figure 3.2: Histopathology of the head of chicken embryos inoculated with Parvovirus and treated with Lagenaria breviflora whole fruit extract (H&E, X100)
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3.3. Histopathology of Embryo Body

The integrity of parenchymatous cells of the embryo body in the uninoculated, untreated embryos
was observed to be expected, as shown by prominent cavernous areas filled with embryonic blood. How-
ever, the inoculated-untreated embryos showed severe necrosis of parenchymatous cells and prominent
cavernous areas filled with embryonic blood. Inoculated and treated embryos with 1.5625mg/ml of LB
extract showed mild degeneration of parenchymatous cells. In contrast, prominent cavernous areas filled
with embryonic blood and mild degeneration of parenchymatous cells were observed for embryos treated
with 3.125 and 6.25 mg/mL, respectively. Nonetheless, the integrity of parenchymatous cells was expected,
with a prominent cavernous area filled with embryonic blood in the group inoculated and treated with
12.5mg/ml LB extract. The embryos inoculated and treated with 25 mg/mL LB extract presented mild ne-
crosis of parenchymatous cells and moderate cavernous areas filled with embryonic blood. In addition,
embryonic-treated groups with 25 and 50mg/ml LB extract had mild disruption of parenchymatous ar-
rangement and some cell necrosis. Likewise, inoculated and treated embryos with 50mg/ml LB extract
showed severe necrosis of parenchymatous cells and prominent cavernous areas filled with embryonic
blood. Finally, parenchymatous cell integrity was expected in the group inoculated and treated with
100mg/ml of LB extract (Figure 3.3).
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B
GRP1- Integrity of parenchymatous cells is normal (black arrow). Prominent cavernous areas filled with embryonic blood (red arrow).
GRP 2- Prominent cavernous areas filled with embryonic blood (red arrow). severe necrosis of parenchymatous cells (black arrow)
GRP3 - Mild disruption of parenchymatous arrangement and there is also cell necrosis

GRP4- Mild disruption of parenchymatous arrangement and there is also cell necrosis

GRP 5- Integrity of parenchymatous cells is normal

GRP 6- severe necrosis of parenchymatous cells (black arrow). Prominent cavernous areas filled with embryonic blood (red arrow).
GRP?7- mild necrosis of parenchymatous cells (black arrow). Moderate cavernous area filled with embryonic blood (red arrow)

GRP 8 - Integrity of parenchymatous cells is normal (black arrow). Prominent cavernous area filled with embryonic blood (red arow)
GRP 9 -prominent cavernous area filled with embryonic blood (red arrow). mild degeneration of the parenchymatous cells (black arrow)
GRP 10- prominent cavernous area filled with embryonic blood (red arrow), mild degeneration of the parenchymatous cells (black arrow)

GRP 11- mild degeneration of the parenchymatous cells (black arrow)

Figure 3.3: Histopathology of the body of chicken embryos inoculated with Parvovirus and treated with Lagenaria breviflora whole fruit extract (H&E, X100)
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3.4. Histopathology of Chorioallantoic Membrane

The uninoculated untreated CAM presented with normal blood vessels connecting the embryo to
the yolk. On the other hand, the inoculated untreated embryos showed a copious presence of proteina-
ceous materials within the membranous spaces. Inoculated embryos treated with 1.5625mg/ml of LB ex-
tract revealed a severely necrotic membrane, while inoculated embryos treated with 3.125mg/ml of LB
extract showed a degenerated fetal membrane with remnants of clots. There was severe fetal membrane
necrosis at 6.25mg/ml and 12.5mg/ml LB in the inoculated-treated embryos. The fetal membrane appeared
thickened in the group inoculated and treated with 25mg/ml of LB extract. Embryos inoculated and treated
with 50mg/ml of LB extract presented with an intact membrane, a mild presence of proteinaceous materials
within the membranous spaces, and mild congestion of blood vessels. However, embryos inoculated with
25mg/ml of LB extract showed thickened fetal membranes and prominent blood vessels, which were con-
gested, while severe necrosis with blood accumulation was observed with 50mg/ml of LB extract. Finally,
inoculated embryos treated with 100mg/ml of LB extract showed an intact membrane and mild congestion

of blood vessels (Figure 3.4).
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GRP1- Normal blood vessels that connect the embryo to the yolk (black arrowhead).
GRP 2- Copious presence of proteinaecous materials within the membraneous spaces (yellow arrow).

GRP3 - Foetal membrane appear thickened (red arrow). Blood vessel wall is prominent and congested (black arrowhead).

GRP4- The membrane appears necrotic (red arrow). Severe accumulation of blood (yellow arrowhead).

GRP5- Membrane appears intact (red arrow). Mild congestion of blood vessels (black arrow head)

GRP 6- Mild presence of proteinaecous materials within the membraneous spaces (yellow arrow), membrane appears intact (red arrow), mild congestion of
blood vessels (black arrow head).

GRP7- Foetal membrane appear thickened (red arrow).

GRP 8 - Foetal membrane appears severely necrotic (red arrow).

GRP 9 - Foetal membrane appears severely necrotic (red arrow).

GRP 10- Foetal membrane appears degenerated with fossils of clots. (red arrow).

GRP 11- ): Foetal membrane appears severely necrotic (red arrow).

Figure 3.4: Histobathologv of the chorionallantoic membrane of chicken embrvos inoculated with Parvovirus and treated with Lagenaria breviflora whole fruit extract (H&E x100)
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4. Discussion

In this study, the methanol extract of L. breviflora whole fruit exhibited significant antiviral proper-
ties against CPV in embryonated chicken eggs. Notably, the extract inhibited the growth of the virus, leading
to reduced cytopathic changes and increased survival rates in treated embryos compared to the untreated
infected embryos. These findings indicated the antiviral potential of L. breviflora extract, particularly against
CPV, which is in agreement with its folkloric antiviral claim [23]. This study further corroborates a previous
report of the antiviral activity of the extract demonstrated against Newcastle disease [15].

Canine Parvovirus is recognized for its high contagion and mortality rates in dogs. It causes severe
disease characterized by replication in rapidly dividing cells such as bone marrow, lymphoid tissues, and
intestinal crypts (24, 25). Typical pathological manifestations of CPE include congestion, haemorrhage, and
oedema in infected tissues [26]. This study is in tandem with reported pathological features of CPE, as seen in
the untreated infected embryos, which presented with significant lesions and mortality.

However, the observed virus-induced pathologies were prevented in the extract-treated embryos
in a dose-dependent manner, aligning with the study by Oridupa et al. [15], which demonstrated the antiviral
efficacy of ethanol extracts of L. breviflora fruit against Newcastle Disease Virus. The lower concentrations
inhibited CPV growth and maintained embryo viability, suggesting an optimal therapeutic window for the
extract’s antiviral activity (3.125-12.5 mg/ml). While the antiviral benefits of L. breviflora extract were apparent
at lower concentrations, higher concentrations (25-100 mg/ml) introduced toxicity. Embryos exposed to these
concentrations showed mild haemorrhage, severe congestion, and significant histopathological changes such
as spongiosis, necrosis, and severe neuronal and parenchymatous cell arrangement disruption. These findings
are consistent with previous reports by Oridupa et al. [15], which highlighted the embryotoxic potentials of
various parts of the Lagenaria breviflora fruit (100mg/ml). Thus, while the extract is effective at lower doses, its
application must be carefully managed to avoid toxic effects.

The gross pathology results in this study indicated that embryos treated with 3.125-12.5 mg/ml of
the extract exhibited no haemorrhage and only slight congestion, contrasting sharply with the severe lesions
seen in untreated infected embryos. Histopathology of treated embryos showed relatively normal membranes
and mildly degenerated parenchymatous cells, further substantiating the protective effect of the extract at
these concentrations. Conversely, higher doses (25-100 mg/ml) resulted in moderate to severe virus-induced
damage, reinforcing the necessity for dose optimization.

This study demonstrates a notable antiviral activity of L. breviflora whole fruit methanol extract
against CPV, particularly at concentrations of 3.125, 6.25 and 12.5 mg/ml, effectively inhibited viral growth
and mitigated virus-induced damage in embryonated chicken eggs infected with canine parvovirus. This
aligns with previous findings on its efficacy against other viral pathogens. The potential of the extract as an
antiviral agent is evident, provided that its application is carefully regulated to mitigate associated toxicities.

5. Conclusions

The findings of this study suggest that L. breviflora extract holds promise as an antiviral agent
against canine parvovirus and for the treatment of enteritis, with significant efficacy observed at lower con-
centrations. However, the observed toxicity at higher doses necessitates further investigation for the safe ther-
apeutic range and mechanisms underlying both the antiviral and toxic effects. Future research should also
explore the specific active compounds within the extract responsible for these effects, potentially leading to

more refined antiviral therapies..
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Abstract: 14-3-30 is a regulatory protein involved in cell cycle control and has been implicated in both tumor-suppressive and
tumor-promoting roles, depending on the biological context. While extensively studied in human cancers, limited information is
available regarding its expression in canine mammary gland tumors. This study aimed to assess the immunohistochemical
expression of 14-3-30 in canine mammary tumors and evaluate its potential association with malignancy indicators such as
histological grade and mitotic index. A total of 62 tumor samples were analyzed using immunohistochemistry, and the area of 14-3-
30 expression was digitally quantified. Statistical comparisons were performed using non-parametric tests. An inverse trend was
observed between 14-3-30 expression and both tumor grade (p = 0.051) and mitotic (p = 0.0090) activity. These findings suggest a
potential link between decreased 14-3-30 expression and increased malignancy, supporting its relevance as a candidate prognostic
marker in canine mammary tumors. Further studies with larger cohorts are needed to validate these observations.

Keywords: 14-3-3 o, immunohistochemistry, canine mammary gland tumor.
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Published: 15.07.2025 The 14-3-3 protein family comprises highly conserved regulatory molecules present

in all eukaryotic cells, playing essential roles in key physiological processes[1]. To date,
over 200 target proteins have been identified, including those involved in mitogenic sig-
naling, cell survival, cell cycle regulation and apoptosis. Notably, the interaction of 14-3-
3 proteins with various oncogenes and tumor suppressor genes highlights their potential
involvement in cancer development and progression[2]. The 14-3-3 protein family com-
prises seven isoforms (B, €, 1), v, T, 0, and C), each ranging in size from 28 to 33 kDa, which
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of damaged DNA.

are highly conserved and widely expressed across various tissues[3].

The 14-3-3 ¢ protein, also known as stratifin or human mammary epithelial marker
(HME1), is a negative regulator of the cell cycle and has been closely associated with tu-
mor development. It is unique among the seven 14-3-3 isoforms for its strong link to on-
cogenesis[4]. Its expression is regulated by the tumor suppressor protein p53 in response
to DNA damage, functioning to inhibit mitosis by sequestering the cdc2—cyclin B1 com-
plex in the cytoplasm and preventing its translocation to the nucleus. 14-3-30 is involved
in both G1/S and G2/M cell cycle arrest through p53-dependent transactivation in re-
sponse to DNA damage[5]. In this way, it induces G2 arrest, providing time for the repair

In humans, both reduced [6,7] and elevated levels [8,9] of 14-3-3 o expression have been implicated in
various cancers. Furthermore, both upregulation and downregulation of 14-3-3 o have been reported in var-
ious tumor types, suggesting a context-dependent role in tumorigenesis [3]. Notably, breast cancer cells lack-
ing 14-3-30 expression exhibit a significantly higher frequency of G2-type chromosomal aberrations com-
pared to cells that express the protein. These findings suggest that 14-3-30 plays a critical role in G2 check-
point control in breast epithelial cells. The loss of 14-3-30 gene expression may contribute to breast cancer
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development by permitting the accumulation of genetic damage that promotes malignant transformation
[10].

In canine mammary tissues 14-3-3 o has been detected in 97% of samples, localizing to both epithelial
(ECs) and myoepithelial cells (MECs)[4]. Studies have shown that this isoform is specifically expressed in
epithelial cells under normal conditions.

Mammary cancer is the most frequently diagnosed malignancy in both women and female dogs[11].
Owing to its significant clinical impact, mammary gland tumors have been extensively investigated. Since
ethical constraints limit experimental research in humans, animals with naturally occurring mammary tu-
mors represent valuable models for the development of in vitro systems and the advancement of cancer
research [4]. Given the inconsistent and seemingly random pattern of 14-3-3 ¢ staining in epithelial cells
(ECs) [12], the authors hypothesized that its expression might be associated with the degree of malignancy.
To explore this possibility, histological grade and mitotic count—both established indicators of malig-
nancy —were analyzed in relation to the level of 14-3-3 o expression.

This study aimed to investigate the expression of 14-3-3 o protein in neoplastic canine mammary tissue
and to evaluate its potential as a malignancy marker for epithelial cells (ECs).

2. Materials and Methods

This study included 55 female canine patients diagnosed with mammary gland tumors. All patients
underwent clinical examination, thoracic imaging, and either unilateral or total mastectomy. A total of 64
tumor specimens were collected, routinely fixed in 10% neutral buffered formalin, processed, and embedded
in paraffin wax. Tissue sections were stained with hematoxylin and eosin (H&E) and evaluated histopatho-
logically according to the Zappulli classification and grading system [13]. For each sample, the mitotic count
was determined by evaluating ten high-power fields (40x magnification) and recording the number of mi-
totic figures observed.

For the immunohistochemical analysis, two-micrometer-thick sections were cut from formalin-fixed,
paraffin-embedded tissue blocks and immunolabeled using mouse monoclonal antibodies against 14-3-30
(clone 5D7, 1:40; Santa Cruz Biotechnology, Heidelberg, Germany). Heat-induced epitope retrieval was car-
ried out in a pH 6 buffer (Bond ER1; Leica) for 20 minutes at 90 °C. Visualization was performed using the
Bond Polymer Refine Detection Kit (Leica), with hematoxylin used as a counterstain. Positive labeling was
identified by the presence of brown staining of the cytoplasm.

The quantitative analysis was performed using the Image] software, version 1.54f (Wayne Rasband and
contributors, National Institutes of Health, USA). For each case, ten microscopic fields were captured at 40X
magnification using an Olympus UC-30 digital camera and Stream Basic software, maintaining the same
light intensity throughout. For statistical consistency, the mean percentage value across the ten analyzed
tields was calculated for each sample and used in subsequent analyses.

To assess the association between the immunolabeled area and histological grade, the Kruskal-Wallis
non-parametric test and the Jonckheere-Terpstra trend test were employed. The correlation between the
labeled area and mitotic count was analyzed using Spearman’s rank correlation and Kendall’s tau non-par-
ametric tests.

3. Results

The mean age of the patients was 9.19 years. The majority of female dogs were mixed-breed (11/55),
followed by German Shepherds (7/55) and Yorkshire Terriers (7/55). The database included the following
histological subtypes of mammary carcinomas: complex carcinomas (n=19), tubular carcinomas (n=15), tu-
bulopapillary carcinomas (n=1), inflammatory carcinoma (n=1), mixed carcinomas (n=9), solid carcinomas
(n=4), invasive micropapillary carcinoma (n=1), intraductal papillary carcinomas (n=9), and ductal carcino-
mas (n=2). Additionally, four cases were classified as special types: lipid-rich carcinoma (n=1), carcinosar-
coma (n=1), comedocarcinoma (n=1) and adenosquamous carcinoma (n=1). Immunohistochemical expres-
sion of 14-3-30 varied across histological subtypes of canine mammary carcinomas. Positive labeling was
observed in the vast majority of complex carcinomas (18/19), tubular carcinomas (13/15), and all cases of
tubulopapillary carcinoma (1/1), invasive micropapillary carcinoma (1/1), intraductal papillary carcinomas
(9/9), and ductal carcinomas (2/2). Mixed carcinomas exhibited positive labeling in 6 out of 9 cases. Among
solid carcinomas, only 1 of 4 cases showed immunoreactivity. In contrast, none of the special carcinoma
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subtypes—lipid-rich carcinoma (n=1), carcinosarcoma (n=1), comedocarcinoma (n=1), and adenosquamous
carcinoma (n=1)—showed any detectable expression of 14-3-3c.

Across the examined samples, the cytoplasmic staining pattern of the cells was variable (Figure 1). No-
tably, in terms of immunolabeling, the cytoplasm of epithelial cells from the three most aggressive histolog-
ical subtypes—Ilipid-rich carcinoma, carcinosarcoma, and adenosquamous carcinoma—showed a complete
absence of detectable staining for 14-3-3c.
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Figure 1. Immunohistochemical patterns showing varying labeling intensities.

The Kruskal-Wallis test did not show statistically significant differences in the area of expression
among the three histological grades (H =3.51, p = 0.171). However, the Jonckheere-Terpstra test revealed a
trend toward decreasing expression with increasing tumor grade (z = -1.951, p = 0.051), suggesting a
potential association between reduced expression area and higher tumor aggressiveness (Figure 2-left).
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Figure 2. Graphical representation of the relationship between expression area and histological grade (left) and mitotic count

(right).

Left: vertical error bars- Indicate variability, blue line- connects the central values (medians), visually indicating a decreasing

trend in expression from Grade 1 to Grade 3.

Right: X-axis: Represents the number of mitotic figures observed per tumor, Y-axis: represents the percentage of IHC marked

area, trend line: a linear regression line showing the general direction of the relationship.
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A statistically significant moderate inverse correlation was found between 14-3-3¢ expression and
mitotic activity. As the mitotic count increased, the area of epithelial immunolabeling decreased. This
relationship was demonstrated by both Spearman’s rank correlation coefficient (o = —0.323, p = 0.0086; 95%
CI: —0.526 to —0.086) and Kendall’s tau (t =-0.221, p = 0.0090; 95% CI: -0.385 to —0.018), indicating that
higher proliferative activity is associated with reduced 14-3-3c expression in epithelial cells (Figure 2,
right).

4. Discussion

14-3-3 sigma is a regulatory protein involved in cell cycle control, particularly at the G2/M checkpoint,
and has been shown to play dual roles in cancer biology —functioning either as a tumor suppressor or having
oncogenic potential depending on the cellular context. It is also implicated in tumor invasion and metastasis
pathways [14,15].

Although traditionally classified as a tumor suppressor, a 2013 study revealed that in basal-like breast
cancer (BLBC) in humans, 14-3-3 sigma can adopt a pro-tumorigenic role. Its expression increases
progressively during malignant transformation, promoting tumor cell migration and invasion, independent
of cell proliferation [16]. Additionally, in invasive ductal carcinoma, reduced 14-3-3 sigma expression is
associated with decreased patient survival. Likewise, in ductal carcinoma in situ, higher levels of 14-3-3
sigma expression are linked to poorer patient outcomes [17]. These features suggest the complex biological
behaviour of this particular protein when different types of breast neoplasms are involved.

In veterinary oncology, 14-3-3 sigma has also been explored in various species and tumor types.
Notably, studies have documented its expression in canine mammary, gastric, and renal cell carcinomas
and equine penile squamous cell carcinoma [4,12,18,19]

An intriguing finding across both squamous cell carcinoma and renal cell carcinoma is the observation
of aberrant nuclear immunolabeling of 14-3-3 sigma. This nuclear localization is suggested to correlate with
increased metastatic potential, serving as a potential marker of aggressive tumor behavior [19,20]. Similar
features were observed in a recent study on canine gastric carcinoma, in which aberrant immunolabeling
was noted in pleomorphic neoplastic cells, indicating a higher potential for metastasis [21]. Despite these
associations, no significant correlation was found between 14-3-3 sigma expression and tumor grade or
mitotic index in some studies [19]. In contrast, a positive correlation was observed in canine mammary
neoplasms between 14-3-3 sigma expression and the number of mitotic figures(In contrast, a positive
correlation was observed in canine mammary neoplasms between 14-3-3 sigma expression and the number
of mitotic figures, degree of invasion, and presence of vascular emboli.). Authors should discuss the results
and how they can be interpreted from the perspective of previous studies and of the working hypotheses.
The findings and their implications should be discussed in the broadest context possible. Future research
directions may also be highlighted.

Our study suggests that immunohistochemical labeling of 14-3-30 may be associated with malignancy
markers such as tumor grade and mitotic count. Although statistical analyses did not reach conventional
levels of significance, the results approached relevance, and the observed inverse trend between tumor
grade, mitotic figures, and the area of positive labeling indicates a potential biological relationship. These
findings imply that the lack of statistical significance may be attributed to the limited sample size, and
further studies with larger cohorts are warranted to validate this association.

5. Conclusions

This study indicates a possible association between 14-3-30 expression and malignancy features, such
as tumor grade and mitotic activity, in canine mammary tumors. While statistical significance was not
reached, the inverse trends observed suggest biological relevance. These findings, in line with previous
research, underscore the need for further studies with larger cohorts to better define the prognostic value of
14-3-30.
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Abstract: Determining spermatological characteristics in fish is critical for understanding species’ reproductive biology, protecting
fish stocks, increasing reproductive success, and ensuring fish farming efficiency. While reproductive biology research on native fish
species of Mediterranean is restricted, there is no information on the spermatological characteristics of invasive Mediterranean
species. Samples were collected from trawl surveys conducted in the Gulf of Antalya (Mediterranean-Turkey) between March and
April 2024. The fish samples were promptly transported to the laboratory at the Department of Biology, Burdur Mehmet Akif Ersoy
University. The individuals' sex determination, lengths, and weights were recorded. 17 (65.38%) males, 9 (34.62%) females were
determined. Male specimens of N. randalli, ranging in size from 19 to 27.2 cm in total length and weighing between 80 and 270.5 g,
were analyzed. Nemipterus randalli sperm viability and concentration were evaluated. Male fish gonads were handled, and testes
were dissected in a tube containing 1 ml PBS. Sperm concentration was done with haemocytometric method. The viability of
spermatozoa was analysed using a Cytoflex Flow Cytometry device and a Sybr-14/PI double staining method. Spermatozoa
concentration of male individuals obtained from the Gulf of Antalya was 160.0+45.63 x 106 spz/ml and the viability rate were
51.71+17.01%. As a result, some spermatological characteristics of Nemipterus randalli, which is recorded as an invasive species and
has a serious economic value, were revealed for the first time.

Keywords: Commercial species; Nemipteridae; Lessepsian fish; sperm parameters

1. Introduction
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DOL10.52331/03012881 success, specifically through the fertilization of mature oocytes. Following this,

further stages of the life cycle, such as successful larval development, particularly
during critical periods like the initial intake of food, play a key role in recruitment

dynamics. Typically, fish undergo seasonal gametogenesis and exhibit synchronized

reproductive behaviors, resulting in the release of gametes into the aquatic
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environment for external fertilization. The success of fertilization is influenced by
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serves as a complex integrative outcome of multiple interacting factors, potentially

Cabrita, Engrola [1], Bobe and Labbé [2] have demonstrated that while various sperm

characteristics collectively influence overall sperm quality, none of these attributes
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alone is sufficient to fully describe the fertilization potential of spermatozoa. Additionally, the
evaluation of sperm quality can significantly benefit from the standardization of analytical
methodologies and techniques.

In mammals, alterations in sperm structure, including changes in flagellum length or head size,
have been observed under various conditions. During the 1990s, image analysis techniques were
adapted for the study of mammalian sperm morphology, leading to the development of Automated
Sperm Morphology Analysis (ASMA). This approach was first utilized to evaluate fish sperm by Van
Look and Kime [3], who examined the impact of increasing mercury concentrations on sperm quality.
Subsequently, ASMA has been applied in diverse contexts, such as evaluating the influence of HCG
on spermiation in European eel [4], and exploring potential correlations between sperm morphology
and swimming performance [5]. In this study we also observed N. randalli spermatozoa under the
light microscobe (Figure 2).

Spermatozoa concentration in semen can be measured using various techniques, including
microscopic counting, spectrophotometry, flow cytometry, and spermatocrit evaluation (as reviewed
by Alavi, Psenicka [6]). However, each of these methods has certain limitations. Microscopic counting,
considered the fundamental approach, provides sperm counts with reasonable accuracy, though
subject to variability stemming from dilution and counting errors. For instance, an error margin of
approximately 6% has been reported when counting 300 spermatozoa per observation using a 1/500
diluted sample over three repetitions [7]. While this method is the most cost-effective for measuring
sperm concentration, its primary drawback is its labor-intensive nature, which makes it less practical
for downstream applications such as sperm preservation or partitioning for genetic cross-breeding
studies.

At the subcellular level, sperm quality is often evaluated based on the integrity of the
spermatozoa's plasma membrane, which plays a crucial role in regulating ion and water exchange
between the intracellular and extracellular environment, thereby influencing axonemal motion as
described by Cosson, Groison [8] and Inaba [9]. Practically, membrane integrity has been examined
using dye-penetration assays such as eosin/nigrosin or eosin staining alone, followed by microscopic
observation, particularly in studies on mammals [10] and fish [11]. More recent approaches involve
the use of fluorescent DNA-binding dyes like Hoechst 33258 and Propidium Iodide (PI), or more
sophisticated kits with markers such as Sybr-14/PL, which enable concurrent visualization of both live
and dead sperm cells. Viability percentages have been determined through direct counting or image
analysis under the microscope [4, 12], flow cytometric analysis [13, 14].

The colonization of Red Sea species in the Mediterranean began sometime after the opening of
the Suez Canal in 1869, a process that has had bioecological and economic impacts that continue today
[15-18].

Nemipterus randalli Russell, 1986 is a Red Sea Lessepsian species [19]. It has a wide
geographical distribution from the coasts of eastern and western India to Pakistan, the Persian Gulf,
the Red Sea, the Gulf of Aden, East Africa, Seychelles and Madagascar in the western Indian Ocean
[17, 20-22]. Golani and Sonin [23] recorded first time in the Mediterranean under the name N.
japonicus in Israel. After a short time, it spread westward and was discovered in Lebanon by Lelli,
Colloca [24], in Iskenderun Bay [20, 21], in Antalya Bay [25], in Gokova Bay [26], in the Mediterranean
coast of Egypt [27], and in Greece [28].
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Nemipterus randalli is a bottom fish that lives on sandy or muddy bottoms at depths ranging
from 22 to 225 meters. It has an ellipsoid body shape and a silvery pink tint with three or four faint
yellow stripes. The upper rays are recognized by a forked caudal fin with a long filament [29]. It feeds
mostly on crustaceans, with minor amounts of small fish, polychaetes, molluscs, and spiny skins [21,
30, 31].

The number of studies on the distribution and ecology of N. randalli in the Mediterranean has
increased in recent years [17, 20, 21, 23-27, 30-40].

There are limited studies on the reproductive biology of N. randalli [22, 31, 41]. In these studies,
information on important reproductive parameters such as sex ratios, gonadasomatic index (GSI)
values, fecundity values, etc. were presented. Ozen [42] provided histological information on male
and female gonads. There are no studies on sperm parameters. Determination of sperm parameters is
an important biological phenomenon in terms of understanding invasion biology. At the same time,
this economically important species will also contribute to the evaluation of aquaculture potentials in
the future. With this study, spermatological parameters will be determined for the first time in N.

randalli species.

2. Materials and Methods

2.1. Ethics statement

This study follows all relevant international, national, and institutional guidelines for the
collection and experimental use of fish samples. The fish species examined are not listed in the IUCN
Red List of Threatened Species and are not classified as endangered, vulnerable, rare, or protected in
Tiirkiye. Additionally, the sampling sites are situated outside of any designated protected areas,
making an ethics statement unnecessary.

2.2 Study design

Samples were collected from trawl surveys conducted in the Gulf of Antalya (Mediterranean-
Turkey) between March and April 2024. The fish samples were promptly transported to the laboratory
at the Department of Biology, Burdur Mehmet Akif Ersoy University. The individuals' lengths (total
length, TL; measured to a precision of 1 mm) and weights (total weight, W; measured to the nearest
0.1 g) were recorded (Figure 1). Gonads were examined macroscopically and microscopically, and sex
was determined. After sex determination, sperm concentration and flow cytometric dead-live analysis
were performed in terms of spermatological parameters with samples taken from males at Mehmet
Akif Ersoy University Reproduction and Artificial Insemination Clinic. Gonads were separated from
the fish by dissection and the weights of the gonads were recorded. A total of 9 male fish were
analyzed. Testes were dissected in a tube containing 1 ml PBS and allowed to stand for two minutes

to allow semen to come out of the tissue into the liquid.
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Figure 1. A specimen of Nemipterus randalli

2.3 Sperm Concentration

The concentration of semen was determined using the haemocytometric method [43]. The testis
was trimmed in 1 ml PBS and incubated in an incubator at 37°C for 2 hours. Subsequently, 10 ul of
sperm sample was added to 490 pl of Hayem's solution, and the number of spermatozoa was counted
using a Thoma counting chamber. The sperm concentration was expressed as the number of

spermatozoa per ml. (spz. / ml) (Figure 3).

Tail of sSpz. e

Head of Spz.

Figure 2. Sections of N. randalli spermatozoon
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Figure 3. N. randalli sperm concentration analysis

2.4. Sperm Viability

The viability of spermatozoa was analysed using a Cytoflex Flow Cytometry device (Beckman
Coulter, CA, USA) and a Sybr-14/PI (L7011, Invitrogen, CA, USA) double staining method. 50 pL of
sperm sample, and 5 pL of Sybr-14 and 3 uL of PI stain were added to 442 pL of PBS solution. The
mixture was then incubated in a dark room at 37 °C in a water bath for 5 minutes. The ratio of live to

dead sperm was determined using CytExpert 2.3 software (Figure 4).
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Figure 4. N. randalli flow cytometry viability analysis

2.5 Statistical analysis

All parameters, statistical analyses were performed using IBM Corp.’s SPSS (v.22, New York,
NY, USA). Datas were given as MEAN+SEM.

3. Result

Based on the sex determination of N. randalli, we recorded 17 (65.38%) males, 9 (34.62%)
females. The male—female ratio for all fish combined was 1.89:1 and differed statistically from the
expected 1:1 (P <0.05). During the study period, 17 male specimens of N. randalli, ranging in size from
19 to 27.2 cm in total length and weighing between 80 and 270.5 g, were analyzed.



Cluj Vet ] 2025, vol 30, issue 2 50 of 66

45,0
40,0
35,0
30,0

25,0

41,2
23,5

z
20,0 17,6

15,0 1,8

10,0

5,9
0,0
18 20 22 24 26

Length (cm)
50,0

47,1
45,0
40,0
35,3
35,0
30,0
2
£ 250
20,0
15,0 18
10,0
59
5,0
0,0
0,0
72 112 152 192 242

Weight (g)

Figure 5. Length and weight distribution of N. randalli male specimens

The spermatozoa concentration was determined to be 160.0+45.63x10¢ spz/ml. The flow

cytometric determination of the sperm viability was 51.71+17.01% (Table 1).

Table 1. Total length (TL), total weight (W), sperm concentration, sperm viability values of male N. randalli species

(Mean+SEM).
Mean Total length (mm) 21.75+0.50
Mean Weight (g) 131.31£10.75
Sperm Concentration (x10%/ml) 160.0+45.63
Sperm Viability (%) 51.71+£17.01

4. Discussion

N. randalli, an Indo-Pacific fish migrating to the Mediterranean Sea, has established a
sustainable population in the Gulf of Antalya, Turkey. No data on spermatological parameters of N.
randalli were found in the literature. Therefore, in this study, the mean viability and concentration
values of spermatozoa of N. randalli were investigated for the first time.

Reproductive biology studies on N. randalli, which has recently entered the Mediterranean Sea,
revealed that reproductive periods differ according to habitats. Ozen [42] showed that the breeding
period of N. randalli in the Gulf of Antalya is between June and October and the peak breeding period
is between July and August. Taylan and Yapic [22] indicated that the reproductive activity of both

female and male N. randalli occurs during the spring and summer months, with females being active
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from April to August and males from April to July. Uyan [44], determine the spawning period of the
species between May and June. Demirci, Demirci and Simsek [41], in their study to determine the
reproductive period, showed that the gonadosomatic index value of the species increased in February
and reached the highest value in April and May. The result of this study that male individuals of N.
randalli are dominant over female individuals is similar to other studies [17, 21, 22, 31, 35, 44, 45]. To
better understand the importance of sperm quality in N. randalli reproductive performance, it should
be compared with many parameters. In this study, viability and sperm concentrations were revealed.
N. randalli sperm concentration was found to be 160.0+45.63x106 spz/ml. Flow cytometric analysis of
sperm viability resulted in a value of 51.71+17.01%. In the literature, spermatozoa concentration values
are given for some species. The spermatozoa concentration of Barbus barbus (Teleostei: Cyprinidae)
decreased from 18.81x 10? spz/ml to 12.45 x 10? spz/ml in March to in May and decreased towards the
end of the breeding season [6]. Hatipoglu [46] determined that the average concentration of Abant
trout was 17.85x10? spz/ml. While the concentration of spermatozoa in rainbow trout was found to be
11.80x10?spz/ml, reported it as 6.90 x 10? spz/ml by hemacytometric method in their study on the same
species[47].

In N. randalli viability analysis by flow cytometric method was found 51.71+17.01%. There are
some studies on spermatozoa viability rates in natural fish stocks. Trigo, Merino [48] was found the
spermatozoa viability in rainbow trout (Oncorhynchus mykiss) 95.1 + 0.68%. Also Nynca, Dietrich
[49] reported that rainbow trout sperm viability was 97.00 + 0.99% by flow cytometry and 86.22 +
1.16% by fluorescence microscopy analyse. In a study conducted on Galaxias argenteus, a giant cockle
grown in farms, sperm viability was determined to have 4.621 live cells and 1.168 dead cells by flow
cytometry [50]. In these studies, it was determined that spermatozoa viability rates differed between
species.

Differences in sperm concentration and sperm viability between species may be due to
changing habitat conditions and abiotic parameters such as temperature, pH, salinity and dissolved
oxygen. For some populations, sperm analyses cover a single sampling period. This may alter sperm
values. In addition to seasonality and habitat conditions, the observed variation in sperm parameters
may be due to biological characteristics of fish species, sex ratio, invasiveness, reproductive strategies,
sampling and analysis methods.

Ozen [42] showed that the breeding period of N. randalli in the Gulf of Antalya is between June
and October and the peak breeding period is between July and August. Taylan and Yapici [22] stated
that both female and male N. randalli are reproductively active during the spring and summer, with
the spawning season for females lasting from April to August and for males from April to July.
Likewise, Demirci, Demirci and Simsek [41] observed in their study on the species' reproductive
period that the gonadosomatic index started rising in February and reached its highest levels in April
and May.

During the present study males were more abundant in the catch of N. randalli. In the N. randalli
populations under study, the sex ratio which varies from population to population within the same
species was 1.89 males to 1 females. The small sample size prevented a clear determination of the
gender ratio. According to Bohlen, Freyhof and Nolte [51], the sex ratio in a population can change
from year to year, suggesting that genetics or environmental variables play a role in its determination.

There are a variety of potential causes for this variation, such as seasonal variations, feeding and
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maturation schedules, disparities in male and female growth rates, mortality differences between the

sexes, and potentially size-selective impacts of fishing gear.

5. Conclusions

Determining fish sperm parameters is a crucial scientific phenomenon that helps comprehend
the biology of invasion. The first information on spermatological characteristics of N. randalli, such as
spermatozoa concentration and viability, was reported in this study. These data will help determine
the invasion ecology, assess the possibility for aquaculture in the future, and comprehend the
reproductive biology of this commercially significant species. The normospermic traits of this species
will be determined in part by analyzing spermatological traits over time and with a larger number of

individuals.

Supplementary Materials: Figure S1: A specimen of Nemipterus randalli, Figure S2: Sections of N. randalli
spermatozoon, Figure S3: N. randalli sperm concentration analysis, Figure S4: N. randalli flow cytometry
viability analysis, Figure S: Length and weight distribution of N. randalli male specimens, Table S1: Total
length (TL), total weight (W), sperm concentration, sperm viability values of male N. randalli species
(Mean+SEM)
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Abstract: Genetic, environmental and nutritional conditions seriously affect the health of natural fish stocks. In addition, increasing

human pressure on aquatic systems in recent years is threatening fish populations. Under the influence of increasing environmental

pressures and other factors, different types of abnormalities are observed in fish. Among these, morphological abnormalities,

pigmentation abnormalities, eye abnormalities, visceral abnormalities and reproductive abnormalities are commonly observed.

There is limited information on eye abnormalities in Mediterranean fish species. In the present study, the body abnormality observed

in a trawl-caught specimen of Randall's threadfin bream, in which the eyes were missing, and its causes are reported and the

pathological findings discussed.
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1. Introduction

Several types of abnormalities have been reported in fish. These abnormalities
include morphological abnormalities, pigmentation abnormalities, ocular abnormalities,
visceral abnormalities and reproductive abnormalities[1, 2]. These abnormalities may be
due to genetic, environmental, nutritional and stress factors. Abnormalities observed in
fish can affect the health and quality of life of the fish in several ways. These effects can
often have a negative impact on the fish's general physiological functions, growth rate,
reproductive ability and even survival rate [3, 4]. Among the abnormalities observed in
fish, ocular abnormalities have a very important impact on fish health. It is reported that
microphthalmia, anophthalmia, cataract, abnormalities in eye size and location are
common among eye abnormalities. Eye abnormalities in fish have been reported under
both aquaculture conditions and from natural stocks [5].

This paper describes the physical body abnormality observed in an individual
(Nemipterus randalli) without its eyes, collected from the Gulf of Antalya, in the
Mediterranean Sea, on 18 March 2024. The number of studies on the distribution and
ecology of N. randalli in the Mediterranean has increased in recent years [6-11]. As far as
it is known, this study is the first record of eye deformity of Randall's threadfin bream
along the Mediterranean. Simultaneously, this report constitutes the pathological findings
of this deformity.

2. Materials and Methods
2.1. Ethics statement
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This study follows all relevant international, national, and institutional guidelines for the
collection and experimental use of fish samples. The fish species examined are not listed in the IUCN
Red List of Threatened Species and are not classified as endangered, vulnerable, rare, or protected in
Tiirkiye. Additionally, the sampling sites are situated outside of any designated protected areas,
making an ethics statement unnecessary.

2.2. Study design

The specimen of N. randalli obtained from the Gulf of Antalya was caught during trawl surveys
on 18 March 2024. Fish samples were transported directly to the lab, where measurements were made
of their weight (total weight W to the nearest 0.1 g) and length (total length cm TL, precision 1 mm).
The gonads were examined both macroscopic and microscopic to determine the sex. During the
necropsy, the eyes of the fish were examined grossly and then carefully enucleated. The eye samples
were collected, and the fish were fixed in 10% neutral formalin. Normal fish eye were also collected
for comparison. The formalin-fixed tissues were embedded in paraffin following standard processing
with an automatic tissue processor (Leica ASP300S; Leica Microsystems, Nussloch, Germany). Using
a Leica RM 2155 rotary microtome (Leica Microsystems, Nussloch, Germany), serial sections with a
thickness of 5 um were cut. Hematoxylin and eosin (HE) staining was applied to each section, and
each was inspected under a light microscope. The Database Manual Cell Sens Life Science Imaging

Software System (Olympus Corporation, Tokyo, Japan) was used for microphotography.

3. Results

Abnormality was recorded in one specimen of N. randalli obtained from Antalya Gulf. The
Randall’s threadfin bream specimen was obtained from with trawl surveys. The specimen had a
normal body shape, but eyes were missing with no injury (Figure 1). The total body length was 18.4
cm, and the total weight was 69.3 g.

Figure 1. Macroscopic appearance of normal and anomalous fish, iris and pupil of the normal fish and no iris and pupil of
anomalous fish.
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3.1. Gross Findings

During the macroscopic examination of the normal fish eye, a distinct yellow-orange iris and a
prominent black pupil in the center were observed. In the eye of the anomalous fish, only scleral
structures within the orbit were observed (Figure 1).

Macroscopic examination of the anomalous fish's body revealed normal body appearance but

during the opening of the abdominal cavity, the organs appeared atrophic compared the normal fish
(Figure 2).

o TF ey

Figure 2. Appearance of abdominal organs of the normal and anomalous fish.
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Microscopic examination revealed that only the sclera was present in the eye. The retinal layer

was completely undeveloped. No melanocytes were observed. Only a hypoplastic, small lens remnant

was noted. No other ocular structures were seen (Figure3).

Figure 3. Normal (upper row) and anomalous eyes (below row) histopathology findings. Scleral cartilages (thick arrows), and
scleral stroma (thin arrows), normal lens of normal fish and atrophic lens in anomalous fish (stars) and retinal layer (arrowhead) in
normal fish but no retina in anomalous fish, HE, scale bars=200um.

4. Discussion

Nemipterus randalli has a wide geographical distribution from the coasts of eastern and western
India to Pakistan, the Persian Gulf, the Red Sea, the Gulf of Aden, East Africa, Seychelles and
Madagascar in the western Indian Ocean [10, 12-14]. N. randalli was first recorded in Israel in the
Mediterranean. In the following years, it showed a widespread distribution in the Mediterranean. This
species, which has been caught in high density in the Mediterranean coast of Turkey in recent years,
is economically utilized. It has a high economic value due to its similarity to coral species. This species,
which has been caught in high density in the Mediterranean coast of Turkey in recent years, is
economically utilized.

Some abnormalities have been reported due to different reasons in the natural habitat of this
species and in the Mediterranean Sea. Pigment anomaly was reported in the natural distribution area
of Nemipterus [15]. Pugheadness anomaly was reported in Gokova (Mugla) populations of
Nemipterus which introduced to the Mediterranean Sea [16]. A number of factors have been identified
as contributing to fish abnormalities, including unfavourable abiotic conditions; and pollutants such
as pesticides, chlorinated hydrocarbons, organophosphates, heavy metals, infectious agents,
inappropriate nutrition and genetic factors [2, 3, 17].

According to Smith, Donahue [5], the abnormalities found in fish eyes include opaque or cloudy
eyes, exophthalmia, missing eyes, hemorrhagic eyes, emboli, and gas bubbles in the eye. A number of
factors, such as gas imbalances that cause exophthalmos, toxicants that cause hyperemia, cataract,

retinitis, and keratitis, low temperatures and osmotic imbalances that cause cataract, on the other hand
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nutritional deficiencies that cause cataract, retinal and corneal, diseases, parasitemias that cause
exophthalmos, keratitis, cataract, radiation damage that causes keratitis, cataract, trauma from
iatrogenic factors, and injuries from uncontrolled culture systems, can lead to eyes lesions[18]. When
the abnormalities reported in this species were analysed, it was found that no eye anomaly had been
reported before. In the study, it was determined that the eyes abnormalities one speciemen of N.
randalli showed macroscopic and microscopic differences compared to normal individuals. It is

thought that this situation negatively affects the fish physiologically.

5. Conclusions

To the best of our knowledge, this survey reports the first eye abnormalities in Nemipterus
randalli. The causes of the eye anomaly found in N. randalli are unknown. In countries bordering the
Mediterranean Sea, increasing human activities are changing the quality of seawater. Numerous
physiological and morphological changes in marine organisms have been reported as a result of water
quality. Nervous necrosis virus (NNV), which is reported to infect about 40 fish species worldwide,
was detected in N. randalli in a study conducted in the Mediterranean Sea [19]. NNV infection targets
the central nervous system, including the brain, spinal cord and eye. Due to the fact that the Randall's
threadfin bream is commercial species, further studies are needed in order to assess the eye

abnormalities in Mediterranean populations.
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Abstract: Pulmonic stenosis (PS) is one of the most common congenital heart diseases (CHD) in dogs, accounting for approximately
32% of all congenital cardiac defects diagnosed in this species [9]. If severe and left undiagnosed or untreated, PS can lead to signs
of right-sided congestive heart failure (R-CHF) and, ultimately, death [7]. This paper describes aspects of the palliative management
of PS using percutaneous balloon valvuloplasty (BVP) in four dogs, which, to the authors' knowledge, has not been previously
performed in Romania. The minimally invasive procedures were performed between December 2021 and February 2023, at the first
Interventional Veterinary Radiology Laboratory in Romania., specialized and optimised for Interventional Veterinary Cardiology
(Doctor's Vet Univers Clinic, Bucharest). All patients were referred for signs of exercise intolerance or syncope due to haemodinamic
effects of PS. The population included 2 females and 2 males aged between 18 and 72 months. Three dogs who underwent BVP
showed a reduction in pressure gradient between 28 and 50 percent and a positive outcome. In one dog, the BPV failed to reduce the
pressure gradient, and the patient subsequently suffered a sudden cardiac death (SCD). These findings are comparable with
previously reported data in the literature and support the use of BVP as an effective palliative option for managing PS in dogs.
Although the learning curve is important for improving outcomes, continued experience remains crucial for achieving consistent
success.

Keywords: BVP, minimally invasive, catheterisation, Veterinary Interventional Cardiology
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1. Introduction

Pulmonic stenosis is a congenital heart disease, characterized by an obstruction
localized at the level of the right ventricular outflow tract. Pulmonic stenosis is the most
commonly diagnosed congenital malformation in dogs [2,8,9], accounting for up to 32%
of all congenital conditions. In some studies it surpasses subaortic stenosis and patent
ductus arteriosus. It can affect both sexes equally and is more commonly described in
certain breeds: Boxer, Mongrel, English Bulldog, French Bulldog, Pincher, German
Shepherd, Beagle, West Highland White Terrier. [4]

Depending on the location of the stenotic lesion, PS can be classified as subvalvular,
valvular and supravalvular. The most common of these is the valvular form and its
classified itself into 3 types. Type A is characterized by a normal annulus, but fusion of
the cusps with a dome-like appearance during systole. Type B includes valves with
thickened cusps and reduced mobility and annulus hypoplasia. The mixed/intermediate
type is used to describe condition that have common characters of both types A and B
[8,7,4]
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The clinical signs observed in dogs with PS are usually related to their severity. In mild forms,
clinical sighs may be absent, while in moderate to severe forms exercise intollerance, syncope, and signs of
R-CHEF, such as ascites, pleural effusion and subcutaneous oedema are frequently detected. In most severe
cases with marked ventricular hypertrophy leading to myocardial hypoxia, arrhythmias as well as sudden
cardiac death may occur [10].

The diagnosis and assessment of the severity of stenosis is achieved by echocardiography, based on
morphologic changes of the valve and pressure gradient at this level, in conjunction with other associated
changes (right ventricular concentric hypertrophy due to pressure overload, right atrial dilatation frequently
associated with tricuspid valve regurgitation and/or post-stenotic dilatation of the pulmonary trunk [10,2]

The most widely used guidelines for classifying the severity of PS were established by Bussadori et
al. in 2000. These guidelines define three severity categories based on the maximum pressure gradient
measured across the pulmonary valve: mild stenosis corresponds to a peak pressure gradient between 20—
49 mmHg, moderate stenosis is defined by a gradient of 50-80 mmHg, and severe stenosis is diagnosed
when the pressure gradient exceeds 80 mmHg [4].

Currently, in veterinary medicine, two types of procedures are relatively commonly performed to
palliate or alleviate PS: balloon valvuloplasty using different types of catheters, including cutting and high-
pressure balloons and transpulmonary stent implantation. Other minimally invasive techniques described
in dogs include pulmonary valve implantation, such as the Melody valve. In addition to interventional
approaches, some cardiologists employ beta-blocker therapy with the aim of improving diastolic function,
reducing right ventricular inotropism and the transvalvular pressure gradient, and thereby decreasing
myocardial oxygen consumption [1,3,5,6].

2. Cases

2.1 Case description
Four dogs aged between 18 and 72 months, two males and two females, from three different breeds
(one German Shepherd, two West Highland White Terriers and one Lagotto Romagnolo), were included in
the present case study. They were diagnosed with valvular pulmonary stenosis type A. Three of them

showed syncope on physical efforts at the time of diagnosis.

Fig 1. (Case 1): (a) Right parasternal, short axis view, Continuous wave Doppler at the pulmonary

valve level, showing high pressure gradient, suggestive pulmonic stenosis; (b) Right parasternal, short axis
view, 2D image and color Doppler during ventricular diastole, showing the presence two pulmonary regur-

gitation jets and the thickened and fused appearance of the sigmoids.
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valve level, showing high pressure gradient; (b) Left parasternal, short axis view, 2D image and during ven-
tricular diastole, showing thickened valve sigmoids.
(@) (b)
Fig 3. (Case 3): (a) Right parasternal, short axis view, Continuous wave Doppler at the pulmonary
valve level, showing the increased pressure gradient; (b) Right parasternal, short axis view, 2D image and

color Doppler during ventricular systole, showing the turbulent flow across the pulmonary valve.

8v4
Ped Echo

Fig 4. (Case 4): (a) Right parasternal, short axis view, Continuous wave Doppler at the pulmonary
valve level, showing the increased pressure gradient; (b) Right parasternal, short axis view, 2D image and

color Doppler during ventricular systole, showing the turbulent flow across the pulmonary valve.
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2.2 Procedure description

The vascular access was performed using the surgical cut-down technique, exposing the right exter-
nal jugular vein, under general anesthesia, with the patient positioned in left lateral recumbency. Using the
modified Seldinger technique or venotomy (the vein is exposed and the temporary haemostasis is obtained
by placing two - cranially and caudally - umbilical tapes, silk or sterile rubber band in a single loop tech-
nique), an introducer sheath is placed and an angiography catheter was inserted through in order to perform
angiography, aiming to localize the stenosis and to exclude coronary malformations. Either a diagnostic
catheter or a hydrophilic guidewire (inserted through the lumen of the catheter) was advanced to the pul-
monary trunk. The hydrophilic guidewire was then replaced with a rigid Rosen guidewire or a rigid guide-
wire was inserted through the diagnostic catheter into the pulmonary arteries. Subsequently (after removal
of the angiography catheter, if necessary) the pressure balloon was inserted "over the wire". The balloon was
selected individually according to the diastolic diameter of the stenosis (using the ratio Balloon/ring diame-
ter = 1.2 or 1.3 and taking into account the size of the access port required for the balloon in relation to the
patient's size). After positioning the pressure balloon at the stenosis level, the balloon inflation procedure
followed. In each case the balloon was inflated 5 times successively, aiming for the "waist" appearance of the
balloon to completely disappear during the last series of dilations. Finally, after the final emptying of the
contrast solution from the balloon, the balloon and guidewire were withdrawn from the heart and then from
the blood vessel, followed by the removal of the access port, ligation of the blood vessel or venoplasty and

suture of the skin.

Intervention
Vasc Interv.

25/02/2023 16:17:02

Fig. 5: Fluoroscopic image showing the angiogram taken during the procedure. The stenosis is
indicated by an arrow (original)
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Fig. 6: Fluroscopic image showing the "waist" aspect of the pressure balloon when inflated at the level
of the stenotic valve (original)

3. Results

Table 1. Echocardiographic values of each case, measured before and after the procedure

Pulmonic valve

peak pressure gra-  Pulmonic valve peak
dient velocity after balloon
after balloon valvuloplasty
valvuloplasty

Pulmonic valve
peak pressure gra-
dient

before balloon
valvuloplasty

Pulmonic valve
peak velocity
before balloon
valvuloplasty

Pressure peak
gradient reduc-
tion percentage

Case 1 130,42 mmHg 5,71 m/s 82,81 mmHg 4,55 m/s 36,50 %
Case 2 123,21 mmHg 5,55 m/s 88,36 mmHg 4,7 m/s 28,28 %
Case 3 212,58 mmHg 7,29 m/s 194,88 mmHg 6,98 m/s 8,32%

Case 4 172,11 mmHg 6,56 m/s 85,75 mmHg 4,63 m/s 50,17 %

Three patients who underwent balloon valvuloplasty showed a reduction in pressure gradient
between 28 and 50 percent. This reduction was also associated with an improvement in clinical signs, in 2
of these patients the symptomatology completely resolved, while another patient continued to show
episodes of lipotimia/syncope with onset triggered by hyperadrenergic episodes.

For the other patient, balloon valvuloplasty did not reduce significantly the pressure gradient of the
stenotic valve. The patient continued to present clinical signs of syncope/lipothymia and cardiac
medication was maintained.

Discussions

Balloon valvuloplasty, while generally considered safe, is not without risks. Although complications
were rare in our group, it is important to recognize that balloon valvuloplasty carries risks, such as
arrhythmias or valvular rupture.

Ventricular premature complexes (VPCs) were commonly observed during right heart
catheterization. In one case, however, a severe bradycardia occurred immediately after balloon dilatation.
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The patient exhibited a favorable response to atropine, and anesthesia recovery proceeded uneventfully,
with no subsequent complications."

A key post-procedural pitfall was the difficulty in ensuring timely ultrasound follow-ups, not
necessarily due to lack of compliance, but rather due to the considerable distance that owners were
required to travel.

The outcome of the procedure depends on many factors. As regards clinical evolution, it is necessary
to take into consideration: age of the subject, degree of right ventricular hypertrophy, presence of fibrosis,
possible concomitant tricuspid regurgitation.

As far as the dilation of the stenotic valve and the reduction of the transvalvular peak velocity are
concerned, it is necessary to consider the type of stenosis (A. B or mixed form), the level of fibrosis of the
valvular leaflets and any dynamic components of the stenosis as well as the concomitant presence of
stenosing elements above or below the valve.

As regards the balloons used, it is important to evaluate the balloon diameter/valve diameter ratio.
The use of compliant or non-compliant balloons, inflation of the balloon manually or with an inflator
device and pressure reached inside the balloon are critical factors that influence procedural success and
the possible risk of complications such as balloon rupture.
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