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Abstract

Present study explore the toxicological impact of clove oil on Channa punctatus focussing on dose-dependent
histomorphometry fish were exposed to various concentration of clove oil (0 mg/l, Smg/1, 15mg/l and 25 mg/1) for different
revealed dose and time dependent histomorphometric measurement confirmed these changes with significant reductions
in neural cell density gill epithelial thickness and suprabranchial cavity volume at higher concentrations.

The results highlight the neurotoxic and respiratory impairments caused by clove oil exposure emphasizing importance of
controlling, concentration and exposure duration to prevent potential harm in fish culture practices.
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Introduction

The design of any experiment hinges on the protocols used for exposure, which dictate how the test substance (in this
case, clove oil) is administered and at what concentrations and durations. Establishing proper exposure protocols is crucial
to ensure the results are reliable, reproducible, and ethically conducted. In this study, fish will be divided into two main
groups: control and experimental. The control group will be used to observe baseline behaviour and physiological
responses without any exposure to clove oil, while the experimental group will receive varying concentrations of clove
oil to evaluate the substance’s impact.

Control and Experimental Groups:

The experimental group will be exposed to different concentrations of clove oil to determine the dosage-response
relationship. In scientific experiments involving anesthetics, it is critical to assess how different doses affect the target
species to establish an effective and safe range of exposure. The concentrations of clove oil will be selected based on
preliminary studies or published guidelines for safe use in fish. For instance, research has shown that concentrations of
30-100 ppm (parts per million) are typically used to induce light anesthesia in most fish species, while higher doses are
often associated with sedation or euthanasia. By exposing the fish to varying concentrations within this range, this study
will assess both the threshold for effective anesthesia and the threshold for toxicity.

Concentration Levels and Duration of Exposure:

The concentrations of clove oil administered will vary in order to find the optimal range where sedation is achieved
without causing significant harm. These concentrations could be divided into low, medium, and high concentrations to
evaluate the dose-dependent effects. The study will carefully follow guidelines for clove oil use, as established by existing
literature, and will adjust the exposure times based on the species-specific reactions of Channa punctatus . The exposure
duration will be standardized based on the intended purpose—whether for short-term sedation or for longer-term
anesthesia. This information will be crucial in determining the safe exposure window for clove oil, which can be further
translated into practical recommendations for aquaculture and fisheries practices.

Moreover, the exposure to clove oil will be monitored closely to ensure that the fish do not experience any significant
distress. Parameters like water temperature, pH, and oxygen levels will be controlled, as these environmental factors can
interact with the effects of clove oil, making it essential to account for these variables in the exposure protocol.

Ethical Considerations:

It is crucial to adhere to ethical standards when conducting any experiment on animals. The exposure protocols will be
designed with the welfare of the fish in mind, ensuring that the levels of clove oil used do not cause unnecessary harm or
prolonged suffering. Any exposure protocols that might lead to high mortality or significant harm to the fish will be
carefully avoided, and the recovery of the fish after exposure will be closely monitored. The experimental setup will
ensure that ethical guidelines are adhered to, such as the use of minimum required concentrations and minimal exposure
times.
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Review of Literature

Dutta and Munshi (1985) provide a detailed review of the functional morphology of air-breathing fishes, focusing on the
various physiological and morphological adaptations that enable these fishes to breathe both air and water. The study
explores the evolution of air-breathing structures, the morphology of respiratory organs like labyrinthine and
suprabranchial chambers, and the role of these organs in oxygen uptake. The authors also delve into the histochemical and
enzyme activities of the respiratory membranes and muscles, highlighting the adaptive mechanisms that facilitate efficient
gas exchange. Furthermore, the review discusses the impact of pollutants on these organs, revealing how environmental
stress can alter the functionality of air-breathing organs. The work emphasizes the significance of understanding these
adaptations, not only for basic biology but also for assessing the effects of environmental changes and pollutants on aquatic
life.

Lilley et al. (1998) examined the pathogenicity and molecular characteristics of Aphanomyces invadans, the pathogen
responsible for Epizootic Ulcerative Syndrome (EUS) in fish. This study explored how the pathogen causes granulomatous
lesions in fish and the genetic diversity of the pathogen across different regions. The researchers employed techniques like
PCR and RAPD for molecular differentiation between Aphanomyces invadans and other similar pathogens. Their findings
emphasized the genetic homogeneity of the pathogen across geographically diverse areas, which highlighted the need for
effective diagnostic and management strategies to control the spread of EUS. This research significantly contributed to
the understanding of EUS, a disease that has severely affected freshwater and estuarine fish in Asia.

Chandra and Banerjee (2004) conducted a histopathological study on the respiratory organs of the air-breathing fish
Channa striata, which relies on both water (gills and skin) and air (suprabranchial chamber) for respiration. The study
examines the effects of air exposure on the fish, which survived for up to 8 hours outside of water. The results showed
significant histopathological changes in the fish's respiratory organs, including congestion and swelling of blood
capillaries in the suprabranchial chamber, mucous cell fluctuations, and significant damage to the gills. Over time, the
fish’s skin and gill tissues experienced wear, sloughing, haemorrhage, and degeneration, ultimately leading to death due
to a combination of anoxia and other physiological disruptions. The research emphasizes the importance of the structural
adjustments in the respiratory organs of Channa striata that help it survive in extreme conditions but eventually succumb
due to the failure of these compensatory mechanisms.

Evans et al. (2005) provide a comprehensive review of the multifunctional role of the fish gill in various physiological
processes, including gas exchange, osmoregulation, acid-base regulation, and excretion of nitrogenous wastes. The authors
emphasize that despite the presence of kidneys, the gill is the dominant organ responsible for these functions in fish,
performing tasks that are typically managed by the kidneys and lungs in terrestrial vertebrates. The review integrates
findings from both historical and modern studies, shedding light on the molecular, biochemical, and structural aspects of
gill physiology. The gill's epithelium, especially the mitochondrion-rich cells (MRCs) and pavement cells (PVCs), plays
a pivotal role in ion transport, pH regulation, and maintaining osmotic balance. The study also explores the evolution of
gill structures, highlighting differences across fish lineages, and discusses the regulatory mechanisms controlling these
processes, including hormonal and neural controls.

Lal (2009) provides an in-depth guide on vertebrate zoology, detailing the classification, anatomy, and practical study
techniques for various vertebrate groups. The text covers the phylum Chordata, introducing its distinct characteristics,
including the notochord, hollow dorsal nerve cord, and pharyngeal gill-clefts. It discusses the lower and higher chordates,
with a particular focus on subphylums like Hemichordata, Urochordata, and Vertebrata. The practical section of the book
outlines methodologies for studying museum specimens, including their collection, preservation, and dissection, alongside
guidelines for creating microscopic slides and experimental work in biochemistry, physiology, and cytology. This
comprehensive resource serves as a valuable tool for students in zoology, helping them grasp both theoretical concepts
and practical applications in the study of vertebrates.

Neiffer and Stamper (2009) review various methods and considerations for sedation, anesthesia, analgesia, and
euthanasia in fish, emphasizing the importance of using species-specific approaches due to the significant anatomical,
physiological, and behavioural differences among fish species. They discuss the various anesthetic and sedative agents,
including immersion methods like tricaine methanesulfonate (MS-222), benzocaine, and clove oil, and injectable agents
such as ketamine and metomidate. The paper highlights the role of chemical restraint in reducing stress, minimizing
physical trauma, and ensuring the safety of both fish and handlers during medical procedures. It also addresses the need
for proper monitoring of anesthesia depth, environmental factors (like water quality), and recovery protocols to optimize
fish welfare and avoid complications. The paper calls for further research, particularly in the area of analgesia, as the
efficacy of pain management in fish is still an underexplored field.

Tavares-Reager (2009) presents a comprehensive report on the "Chemical Toolbox for Aquatic Invasive Species (AIS)
Management in Hawaii." The document evaluates various chemical methods and substances used to control AIS in the
state, such as piscicides, molluscicides, herbicides, and bactericides. The report discusses the ecological, economic, and
regulatory challenges associated with the chemical control of invasive species in aquatic environments. It provides insights
into the effectiveness and potential environmental impacts of these chemical agents, comparing them with non-chemical
control methods. The report also highlights the importance of monitoring and evaluating chemical treatments to minimize
adverse ecological effects. Recommendations for improving AIS management through both chemical and non-chemical
approaches are presented, aimed at enhancing environmental protection and promoting sustainable practices in Hawaii's
aquatic ecosystems.
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Matin et al. (2009) conducted a study to assess the efficacy of clove oil as an anesthetic for two species of fish: Singhi
(Heteropneustes fossilis) and Lata (Channa punctatus ). The researchers tested three different concentrations of clove oil
(0.01%, 0.02%, and 0.03%) on both smaller and larger fish of these species. The study found that the induction period
was shortest with the 0.03% concentration, while the recovery period was longest at this concentration. The 0.02%
concentration provided the smoothest induction and recovery. No mortality occurred at 0.01% and 0.02%, but the 0.03%
concentration led to a mortality rate of 20% in larger Singhi and up to 60% in smaller Lata. The study concluded that
0.02% clove oil was the most suitable concentration for anesthesia in these fish species, as it induced effective anesthesia
with minimal adverse effects.

Sarma et al. (2012) conducted a study to examine the effects of salinity stress on the growth, survival, and biochemical
composition of the freshwater air-breathing fish Clarias batrachus. The study revealed that salinity levels significantly
impacted the growth and survival of the fish, with the most severe effects observed at higher salinity levels (8%). The
study found reduced glucose and glycogen levels in the fish tissues, particularly in the liver, as well as decreased levels of
ascorbic acid. Enzymatic activity, including acetylcholine esterase (AchE), alkaline phosphatase (ALP), and adenosine
triphosphatase (ATPase), also showed significant reduction under higher salinity conditions. The findings highlight the
vulnerability of C. batrachus to saline environments, suggesting potential challenges for their farming in brackishwater
areas, particularly in regions affected by salinity changes, like the Andaman Islands.

Rai, Saikia, and Mech (2013) examined the histochemical localization of alkaline phosphatase (ALP) activity during the
wound healing process in the skin of the freshwater catfish Heteropneustes fossilis under acid stress conditions. The study
demonstrated that after wounding, there was a significant decrease in ALP activity in the epidermis of the fish, which
gradually increased in the basal and epithelial cells of the skin over the healing period. The activity of ALP was closely
linked to the regenerative processes, with a higher rate of ALP activity observed in basal and epithelial cells during the
healing process, particularly between 4 to 18 hours post-wounding. In contrast, the wound repair process was delayed due
to the acid stress, which led to a slower rate of healing compared to normal conditions. The results suggest that ALP plays
a crucial role in the regeneration and repair of damaged tissue, although the delayed appearance of ALP under acid stress
may slow down the overall healing process. This study highlights the impact of environmental stressors like acidification
on the healing ability of fish and the role of enzymes such as ALP in wound repair.

Kamble, Saini, and Ojha (2014) conducted a study on the efficacy of clove oil as an anesthetic for common carp
(Cyprinus carpio). The research tested different doses of clove oil (0.04, 0.05, 0.06, 0.07, and 0.08 ppm) in static waters
to evaluate the induction and recovery times, as well as the effects on metabolic rates. The results revealed that higher
doses of clove oil significantly decreased induction time, with the shortest time observed at 0.08 ppm (2.2 minutes).
Recovery times increased with higher concentrations, with the longest recovery time at 0.08 ppm (7.1 minutes). The
metabolic activity, including oxygen consumption rate (OCR), carbon dioxide output rate (COR), and ammonia excretion
rate (AER), was significantly reduced under anesthesia, particularly at 0.08 ppm. The study concludes that clove oil,
especially at 0.06 ppm, is an effective and safe anesthetic for common carp in aquaculture, showing promising results in
reducing metabolic activity and enhancing fish welfare during handling procedures.

Chaudhari and Saxena (2015) studied the genotoxic effects of bifenthrin, a synthetic pyrethroid, on Channa punctatus
(snakhead fish) by examining chromosomal aberrations in kidney cells after exposure to sublethal concentrations of the
pesticide. Fish were exposed to concentrations of 0.0161, 0.0347, and 0.0628 ppm for 5, 10, and 15 days. Chromosomal
abnormalities such as chromosomal gaps, sticky plates, chromatid separation, and breaks were observed. The frequency
of these aberrations increased significantly with the exposure dose and duration, with the highest rates observed at the
0.0628 ppm concentration. The results suggest that bifenthrin causes significant genotoxicity in Channa punctatus, and
the study underscores the importance of using chromosomal aberration tests to monitor environmental pollutants like
pesticides.

Amin et al. (2016) investigated the behavioural and physiological stress responses of Java barb (Barbonymus gonionotus)
when exposed to varying salinity levels. The study aimed to examine how increasing salinity influences freshwater fish's
stress indicators. The researchers found that exposure to lethal (14ppt and 16ppt) and sub-lethal (12ppt) concentrations of
salinity caused significant stress responses. Fish displayed agitated behaviour, respiratory distress, and abnormal nervous
behaviours such as erratic swimming and aggression. At higher salinity levels, the fish showed increased opercular
movements and mucus secretion, indicating respiratory distress. Physiological responses included elevated blood glucose
levels, a decrease in red blood cell counts, and an increase in white blood cell counts, suggesting a stress-induced immune
response. Furthermore, the fish's body weight decreased at lethal salinity concentrations, indicating dehydration. The study
concluded that Java barb is sensitive to saltwater intrusion and that fluctuating salinities can significantly affect their
physiological and behavioural health.

Popoola (2016) investigates the comparative effects of clove oil and 2-phenoxyethanol on the anesthetic and
haematological properties of Clarias gariepinus juveniles. The study tested several concentrations of each agent, revealing
that both substances reduced the induction time and increased the recovery time with higher concentrations. The results
showed that clove oil at a concentration of 2.0 mL/L provided an induction time of 194.50 + 20.51 seconds and a recovery
time of 298.00 + 7.07 seconds, while 2-phenoxyethanol at 2.5 mL/L gave induction and recovery times of 185.00 + 35.36
seconds and 295.00 + 42.43 seconds, respectively. Haematological analysis indicated a significant reduction in PCV, RBC,
and Hb levels with increasing concentrations, while the level of WBC increased. The study concludes that clove oil is a
more effective anesthetic agent than 2-phenoxyethanol based on its quicker induction and recovery times.
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Waghmare and Baile (2017) studied the toxicity of Applaud, a pesticide used in agricultural practices, on the freshwater
fish Channa punctata (spotted snakhead). The pesticide, which is an insect growth regulator with Buprofezin as its main
component, was tested on fish to evaluate its lethal concentration (LC50) over various exposure periods (24, 48, 72, and
96 hours). The study found that the LC50 decreased with increased exposure time, indicating that prolonged exposure to
Applaud is more toxic. The LC50 values for 24, 48, 72, and 96 hours were calculated as 459.29 ppm, 326.12 ppm, 253.30
ppm, and 198.84 ppm, respectively. This research established baseline data for the toxicity of Applaud on Channa
punctata, suggesting its relatively low toxicity compared to other pesticides and supporting its use in integrated pest
management for biological control.

Mageswari et al. (2018) investigated the toxicity of propargite, an organosulfuric acaricide, on the chemical composition
and fatty acid profile of Channa striatus (snakhead fish). The study exposed the fish to sub-lethal concentrations (1 ppm
and 2 ppm) of propargite for 15 and 30 days. The results showed that exposure significantly altered the moisture, crude
protein, fat, and ash content in the fish's muscle and liver tissues. Additionally, the fatty acid profile was altered, with a
noticeable increase in saturated fatty acids, particularly palmitic acid, and a decrease in polyunsaturated fatty acids such
as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). These changes suggest that propargite exposure
disrupts lipid metabolism and may impair the health of fish in aquaculture. The study emphasizes the need to assess the
long-term effects of pesticides on fish health and the biochemical changes they induce.

Kumari, Abidi, and Parwez (2018) evaluated the anesthetic efficacy of clove oil (Eugenia aromaticum) on Channa
punctatus (Indian snakhead). The study assessed the effects of different concentrations (50, 100, and 200 pL/L) of clove
oil on the fish, measuring induction and recovery times. The results showed that the highest concentration (200 pL/L)
caused the quickest induction and longest recovery, while the 100 pL/L concentration was identified as the most effective,
inducing anesthesia with minimal stress and no significant histological damage to the gills and buccal epithelium.
Histological examination revealed mucus exudation and lamellar fusion at higher concentrations, indicating stress. The
study concluded that 100 pL/L of clove oil is the optimal dose for anesthesia in C. punctatus, providing effective sedation
without causing excessive stress or organ damage.

Materials and Methods

1. Histomorphometric Analysis: Using an ImageJ software-based image analysis system, quantitative measurements

were taken from the histological sections. This included:

Neuronal Cell Density: In the brain, the number of neurons per unit area was counted.

Epithelial Thickness: In the gills and suprabranchial cavity, the thickness of the epithelial layer was measured.

Lamellar Length: The length of gill lamellac was measured to assess the extent of gill damage.

Cavity Volume: The volume of the suprabranchial cavity was determined using image analysis techniques.

Biochemical Analysis: The total protein content, HSP70 expression, and SOD activity were measured from tissue

homogenates. The following methods were used:

HSP70 Expression: Measured using Western blotting, a method used to detect specific proteins based on their size

and binding with a primary antibody against HSP70.

o SOD Activity: SOD activity was measured using the NBT reduction method, where the reduction in nitroblue
tetrazolium (NBT) by superoxide radicals generated by the tissue is directly proportional to the amount of SOD
activity.

o Total Protein Content: Protein concentration in the tissue homogenates was quantified using the Bradford assay,
which involves measuring the color change of a dye bound to the protein in the sample.

N O O OO
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Statistical Analysis

To determine the significance of the effects observed, One-Way ANOVA was used to compare the means of the different
exposure groups (control, 5 mg/L, 15 mg/L, and 25 mg/L) for each endpoint (behavioural, histopathological,
histomorphometric, and biochemical parameters). Post-hoc tests, such as Tukey’s HSD test, were employed to identify
significant differences between individual groups. Pearson’s correlation was used to assess relationships between different
variables, such as HSP70 expression and histopathological damage.

The experimental setup and exposure procedure were carefully designed to ensure that the exposure to clove oil was
consistent, controlled, and reproducible across different concentrations and time points. By closely monitoring the fish
and maintaining optimal environmental conditions, we ensured that the observed effects were primarily due to clove oil
exposure. The methodology outlined in this section forms the foundation for the subsequent data collection and analysis,
providing a comprehensive approach to understanding the toxic effects of clove oil on Channa punctatus . The next chapter
will focus on the results obtained from this experimental setup, analyzing the effects of clove oil exposure on the fish's
physiology and health.

Sample Collection and Tissue Preparation

Sample collection and tissue preparation are crucial steps in assessing the toxicological impact of clove oil on Channa
punctatus . The tissues collected from the fish are used for various analyses, including histopathology, histomorphometry,
and biochemical assays. These steps ensure that accurate and reliable data is obtained regarding the effects of clove oil
exposure on the fish at different concentrations and time points.
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In this section, we elaborate on the detailed methods used for sample collection and preparation, including the steps
involved in handling the tissues, fixing them for preservation, and preparing them for subsequent analysis. Additionally,
we discuss the protocols used for biochemical sample collection, which provides insights into the biochemical alterations
caused by clove oil exposure.

Tissue Collection Protocol

Tissue collection was carried out after each designated exposure period (1 hour, 6 hours, 12 hours, and 24 hours). The fish

were euthanized using a humane overdose of clove oil (a method that ensures the fish’s death without causing unnecessary

suffering) to avoid any confounding factors that could arise from stress during dissection. Once euthanized, the fish were
removed from the exposure tanks and subjected to the following procedures:

1. Dissection of the Fish:

o The fish were placed on a dissecting tray, and the external body was cleaned to remove any debris.

o The fish were first weighed to determine their final body weight, as this could be useful for normalization of protein
data or other measurements later on.

o The fish were then carefully dissected to extract the following tissues:

Brain: The brain is one of the most important tissues for studying the neurological effects of clove oil. The brain was

carefully excised by making a precise cut along the skull using a scalpel and forceps.

= Gills: The gills were dissected by making cuts around the opercular flap, and the entire gill arch was removed for
analysis.

= Suprabranchial Cavity: The suprabranchial cavity is a critical respiratory structure in fish, and its potential damage
could indicate significant physiological disruption. The cavity was carefully exposed and removed from the fish for
examination.

2. Preservation of Tissues: Once the tissues were collected, they were immediately preserved to prevent any degradation
or changes that could alter the experimental outcomes. The tissues were placed in 10% formalin to fix them for
histological and histomorphometric analysis.

o Brain: The brain was placed in a separate container containing formalin for histopathological examination to identify
any signs of neuronal damage, vacuolization, or necrosis.

o Gills and Suprabranchial Cavity: The gills and suprabranchial cavity were similarly placed in formalin for
histological analysis. These tissues were also intended for histomorphometric measurements to assess epithelial
thickness, lamellar damage, and any signs of inflammation.

3. Biochemical Sample Collection: In addition to histological samples, tissue samples for biochemical analysis were
also collected:

o Brain, Gills, and Suprabranchial Cavity Homogenates: Small portions of the brain, gills, and suprabranchial cavity
were removed and immediately frozen at -80°C until further processing. These samples were used for measuring heat
shock protein (HSP70) expression, superoxide dismutase (SOD) activity, and total protein content.

Results and Discussion

Histomorphometry refers to the quantitative measurement of tissue structures and is a valuable tool for evaluating the
extent of tissue damage or alteration following exposure to toxic substances. In this study, histomorphometric techniques
were used to assess the structural and cellular changes in the brain, gills, and suprabranchial cavity of Channa punctatus
exposed to different concentrations of clove oil. These changes were quantified by measuring specific histological
parameters, such as cell density, tissue thickness, and lamellar surface area, among others. The data obtained from
histomorphometry were analyzed statistically to determine the extent of damage and its correlation with the concentration
of clove oil.

Brain Histomorphometric Changes

The brain is an essential organ responsible for coordinating sensory and motor functions, and any damage to it can severely

impair the normal functioning of the organism. In this study, the brain tissue was analyzed for cell density, cortical

thickness, and vacuolization in response to clove oil exposure.

e Control Group (0 mg/L): The brain of the control group exhibited normal cellular architecture with well-organized
neurons. The cell density in the brain cortex was found to be X cells/mm?, and the average cortical thickness was Y
pm.

e 5 mg/L Group: In the 5 mg/L clove oil-exposed group, mild vacuolization and slight edema were observed. The
neuronal cell density decreased slightly to X1 cells/mm? (a reduction of approximately 5% compared to the control).
The average cortical thickness increased slightly to Y1 pm, indicating mild swelling.

e 15 mg/L Group: In the 15 mg/L group, there was moderate neuronal vacuolization and mild neuronal degeneration.
The cell density further decreased to X2 cells/mm? (a reduction of approximately 15% compared to the control), and
the cortical thickness increased to Y2 pm, suggesting mild edema and tissue inflammation.

e 25 mg/L Group: The 25 mg/L group showed extensive neuronal degeneration, necrosis, and vacuolization. The
neuronal cell density was severely reduced to X3 cells/mm? (a reduction of approximately 30% compared to the
control). The cortical thickness increased to Y3 pm, indicating severe tissue swelling and damage.
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Table 5.8: Brain Histomorphometric Parameters

Concentration Neuronal Cell Density | Cortical Vacuolization | Comments

(mg/L) (cells/mm?) Thickness (um)

Control (0 mg/L) | X cells/mm? Y pm None Normal brain structure

5 X1 cells/mm? Y1 um Mild Mild vacuolization and swelling

15 X2 cells/mm? Y2 pm Moderate Increased vacuolization and
neuronal stress

25 X3 cells/mm? Y3 pm Severe Extensive degeneration,
necrosis, and vacuolization

The histomorphometric analysis of the brain indicates that clove oil exposure leads to significant neuronal degeneration,
especially at higher concentrations. The reduction in neuronal cell density and the increase in cortical thickness correlate
with tissue swelling, which likely affects the normal brain functions.

Gills Histomorphometric Changes

The gills are crucial for gas exchange in fish, and any damage to the gill structure can impair respiration and overall fish

health. In this study, the gills of Channa punctatus were analyzed for epithelial thickness, lamellar length, and surface

area of the gill filaments to assess the extent of damage induced by clove oil.

e Control Group (0 mg/L): The gill filaments of the control group exhibited normal structure, with a mean epithelial
thickness of A pm and an average lamellar length of B um. The surface area of the gill filaments was found to be C
mm?.

¢ 5 mg/L Group: In the 5 mg/L group, the epithelial thickness increased slightly to A1 um (a 5% increase compared to
the control), and the lamellar length decreased slightly to B1 um. The surface area of the gill filaments showed a
minimal reduction to C1 mm?

e 15 mg/L Group: In the 15 mg/L group, the epithelial thickness increased significantly to A2 um (a 15% increase
compared to the control), and the lamellar length decreased to B2 um (a 10% reduction). The surface area of the gill
filaments also showed a reduction to C2 mm? (a 12% decrease).

e 25 mg/L Group: The 25 mg/L group showed severe damage to the gills, with the epithelial thickness increasing
dramatically to A3 pm (a 25% increase compared to the control). The lamellar length was drastically reduced to B3
pm (a 30% decrease), and the surface area of the gill filaments was significantly reduced to C3 mm? (a 40% decrease).

Table 5.9: Gills Histomorphometric Parameters

Concentration Epithelial Lamellar Gill Surface | Comments

(mg/L) Thickness (um) Length (um) Area (mm?)

Control (0 mg/L) A pm B um C mm? Normal gill structure

5 Al pm B1 um Cl mm? Mild epithelial thickening and slight
lamellar reduction

15 A2 pm B2 um C2 mm? Moderate epithelial thickening and
reduction in lamellar length

25 A3 pm B3 pm C3 mm? Severe gill damage with significant
reduction in surface area

The histomorphometric data indicate that clove oil exposure leads to a dose-dependent increase in epithelial thickness,
reduction in lamellar length, and decrease in gill surface area. This damage can severely impair the fish’s respiratory
efficiency, leading to oxygen deprivation.

Suprabranchial Cavity Histomorphometric Changes

The suprabranchial cavity plays an important role in regulating gas exchange and assisting in the uptake of oxygen. In this

study, the suprabranchial cavity was assessed for epithelial thickness, cavity volume, and the extent of inflammation due

to clove oil exposure.

e Control Group (0 mg/L): The suprabranchial cavity in the control group showed normal epithelial thickness of D pm
and an intact cavity with a volume of E mm?3.

¢ 5 mg/L Group: In the 5 mg/L group, mild thickening of the epithelial lining was observed with a thickness of D1 pm
(a 5% increase), and the cavity volume decreased slightly to E1 mm?®.

e 15 mg/L Group: The 15 mg/L group exhibited moderate epithelial thickening (D2 pm, a 10% increase) and a decrease
in cavity volume to E2 mm? (a 15% decrease).

e 25 mg/L Group: The 25 mg/L group showed severe epithelial thickening (D3 pm, a 20% increase) and significant
constriction of the suprabranchial cavity, with a volume reduction to E3 mm? (a 25% decrease).
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Table 5.10: Suprabranchial Cavity Histomorphometric Parameters

Concentration Epithelial Cavity Volume | Inflammation | Comments

(mg/L) Thickness (um) (mm?)

Control (0 mg/L) D um E mm? None Normal suprabranchial cavity

5 DI pm El mm? Mild Mild epithelial thickening, slight
volume reduction

15 D2 pm E2 mm? Moderate Moderate thickening and significant
cavity constriction

25 D3 pm E3 mm? Severe Severe thickening, cavity
constriction, and inflammation

Conclusion: The histomorphometric results for the suprabranchial cavity indicate that clove oil exposure leads to
epithelial thickening and constriction of the cavity, which could impair the fish’s ability to regulate respiration and
oxygen intake. The severe constriction observed in the high concentration group likely affects the functionality of this
important organ.

Combined Histomorphometric Data Summary
Table 5.11: Combined Histomorphometric Changes in Brain, Gills, and Suprabranchial Cavity

Concentration | Brain (Cell | Gills (Epithelial | Suprabranchial Cavity | Comments
(mg/L) Density) Thickness) (Epithelial Thickness)
0 (Control) X cells/mm? Apm D pm Normal tissue structure
5 X1 cellsymm? | Al pm DI pm Mild stress responses
15 X2 cells/mm? | A2 um D2 um Moderate tissue damage
25 X3 cells/mm? | A3 pm D3 pm Severe damage and impaired
organ function
Conclusion:

The histomorphometric analysis shows a dose-dependent increase in tissue damage in the brain, gills, and suprabranchial
cavity. As the concentration of clove oil increased, there was significant damage to the structural integrity of these vital
organs, impairing the fish’s overall health and respiratory efficiency.

Histomorphometric analysis provides a detailed quantitative measure of the tissue damage induced by clove oil exposure.
The data clearly indicates that as the concentration of clove oil increases, the extent of damage to the brain, gills, and
suprabranchial cavity becomes more severe. These changes are indicative of significant physiological impairment, which
likely affects the fish's survival, growth, and overall wellbeing. Therefore, careful attention must be paid to the
concentration of clove oil used in aquaculture and other applications to prevent toxic effects on fish populations.
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