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N Tilapia (Mozambique) fish, belonging to the family Cichlidae and order
Received: 15 July 2024 Cichliformes, are native to freshwater in Africa. Olanzapine, a second-

. generation antipsychotic drug (APD), is known for its improved efficacy
Accepted: 25 Aug 2024 and reduced side effects compared to first-generation APDs and is
Published: 05 Sep 2024 commonly used for treating psychiatric disorders and brain cancer. This

study aimed to assess the effects of Olanzapine on the growth, behavior,
haematology, and histopathology of Tilapia fish. The fishes were
collected from the selected fish farm in Pattoki. The fish were
acclimatized for one week and then treated with 0.06 mg/l of
Olanzapine daily for 28 days. They were divided into control, treated,
and untreated groups. Morphometric measurements, haematological
analyses, and histological evaluations of kidney, liver, and gill tissues
were conducted. The results indicated significant changes in
morphometric characteristics and an increase in movement in treated
fish compared to controls. MCH and MCHC levels were significantly
higher in the treated group (P<0.005), while other haematological
parameters, including WBCs, RBCs, HGB, HCT, MPV, PDW, PCT,
and MCV, showed no significant changes (P>0.05). Histopathological
analysis revealed notable changes in the kidneys, liver, and gills of
Olanzapine-treated fish. Despite non-significant increases in total body
weight, Olanzapine positively affected morphometric traits and feeding
behavior while causing observable haematological and histological
alterations in Tilapia Mozambique. To conclude, the Olanzapine is
relatively safe for Tilapia's liver but may harm the gills and kidneys. It
had minimal effects on behavior, morphology, and hematology, with
significant damage only to gill structure and mild changes in the
kidneys.
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Introduction

Tilapia Mozambique (Oreochromis mossambicus) fish belong to the family Cichlidae and the
order Cichliformes, and are native to freshwater regions of Africa. They are part of the
mouthbrooding genera, such as Sarotherodon and Oreochromis, and are known for substrate
spawning. Tilapia species have been introduced worldwide, particularly in tropical and
subtropical regions, to advance the freshwater aquaculture sector. Global production of tilapia is
approximately 659,000 metric tons annually, with Oreochromis niloticus being the most widely

cultivated species (1).

In 1997, 91% of global aquaculture production, amounting to 36 million metric tons, was
generated by Asian countries. However, the economic value of this production saw a decrease:
China's contribution dropped from 68% to 45%, while India's share decreased from 5% to 4%.
Between 1991 and 1997, aquaculture production increased by 12%, indicating rapid growth in
the sector. Currently, the top 10 countries in aquaculture production are all located in Asia (2).
China has longhistory of production in majority fish from fish pond approximately (3).
Aguaculture systems are predominantly utilized in Bangladesh, China, India, Indonesia,
Malaysia, and Thailand. Fish meat is a rich protein source, containing 16-20% protein, which is
higher than that in eggs (12%), meat (3.5%), milk (3.5%), and rice and wheat (6.6%).
Additionally, fish meat is highly nutritious and easily digestible, with an assimilation rate of 85-
95% (4). Additionally, fish meat is rich in essential minerals, including vitamins D and A, and
contains beneficial unsaturated fatty acids (5) . It is estimated that fish provides a major source of
animal protein for approximately one billion people worldwide. As a result, the fish industry has
experienced rapid growth and is now one of the fastest-growing food sectors globally (6).
Olanzapine is a second-generation antipsychotic (SGA) that offers improved efficacy and
reduced side effects compared to first-generation antipsychotics. However, it can cause
significant weight gain and other adverse effects. Currently, SGAs like Olanzapine (OLZ) are
commonly used to treat schizophrenia and other brain and bipolar disorders due to their reduced
side effects compared to older medications. Despite its benefits, OLZ is associated with weight
gain, increased adipose tissue, elevated blood leptin and insulin levels, insulin resistance (type 2
diabetes), high blood pressure, and disruptions in fat metabolism (7). Among SGAs, OLZ the

most commonly cause weight gain (8). Compared to typical antipsychotics, atypical
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antipsychotic drugs are more effective in addressing both negative and positive symptoms of
schizophrenia (9) . In general, the side effects of Olanzapine in humans often include weight
gain, which is linked to the drug's sedative effects. This weight gain is primarily due to increased
appetite and enhanced food consumption. Consequently, the observed weight gain and increased
adiposity may result from higher food intake combined with reduced physical activity (10).
Despite the known association between Olanzapine and weight gain, the underlying mechanisms
driving this effect and metabolic imbalances remain uncertain (11). The present study aims to
investigate Olanzapine's impact on fish by examining its effects on growth, body physiology,
histopathology, and the enzymatic system, including changes in body weight.

Material and methods

Collection of samples

Samples were obtained from a fish farm in Pattoki. The specimens had an average weight
ranging from 20 to 30 grams and measured 12 cm in length. To prevent any fatalities during
transportation, the fish fry were kept in plastic bags filled with fresh water, ensuring adequate
oxygen supply.

Ethical concern

The study was conducted according to the declaration of Helsinki and the rule to work on
animals was followed.

Rearing and Behaviour study

Around 40 grams of each fish were imported from Manu Fish Farm in Pattoki and housed in a
separate aquarium at room temperature, each containing 80 L of water. Initial weight and length
measurements were taken before dividing the fish into six groups after two weeks. The first
group served as a control (no olanzapine), while the experimental group received 0.06 mg/L of
olanzapine. We observe fish behaviour before and after meals and gain weight on a daily basis
and weekly after olanzapine treatment in controlled and treated groups.

Study design and treatment with olanzapine

The 28-day experiment involved keeping the fish in 80-liter aquariums with dimensions of 45.74
x 60.97 x 45.74 cm. Control and experimental groups were established for observation. After 24
hours, 0.8 mg of olanzapine per liter was administered. The fish were fed commercial feed daily
at 2:00 p.m. Before each treatment, 80% of the aquarium water was replaced to remove waste.

The fishes were divided into six groups: control, treated, and untreated. After 28 days of
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olanzapine treatment, three fish from each group were randomly selected for sampling. Blood
samples were obtained via cardiac puncture using a 2-ml needle and collected in EDTA tubes.
The liver and gills were isolated from the same fish and preserved in formalin. Blood and tissue
samples were processed on the same day.

Determination of hematological parameters

Blood samples were analyzed for hemoglobin, red blood cells, white blood cells, mean cell
hemoglobin, platelet count, and cell hemoglobin concentration. Platelet Distribution Width
(PDW) was measured to evaluate morphometric changes in platelets, including activation and
size, using histograms. Hemoglobin (Hb), which transports oxygen from the lungs to body
tissues and returns carbon dioxide to the lungs, was quantified using a MICRO-LAB 3000 at a
wavelength of 540 nm. A 5 ml Hb solution was mixed with 20 pl of whole blood, left at room
temperature for five minutes, and then measured in g/dl. Additionally, Mean Corpuscular
Volume (MCV), Mean Cell Hemoglobin (MCH), and Mean Cell Hemoglobin Concentration
(MCHC) were assessed (12).

Study of cortisol level and antioxidant enzymes analysis

Five types of antioxidant enzymes were studied in Tilapia Mozambique which were catalase
(CAT) (13), superoxide dismutase (SOD) (14), glutathione (GSH) (15), glutathione S-transferase
(GST) (16) and MDA (17) an oxidative stress maker. At the end of the trial, three fish were
randomly selected from each group (control and both fluoxetine-treated groups), then beheaded
and frozen at -80°C for cortisol extraction. The frozen tissues were thawed, washed with ice-cold
1.15% KClI solution, blotted, weighed, and homogenized separately in an ice-cold buffer
containing 1.15% KCI and 50 nM Tris-HCI (pH 7.4). Approximately 1 g of tissue from each
sample was homogenized using a piston mortar, and the homogenate was centrifuged at 10,000 g
for 20 minutes using a Sigma 2-16K centrifuge. The supernatant was then separated, decanted,
and stored at -20°C (18).

Study of the Morphometric characters

To measure the morphometric parameters of fish, an inch tape was used to assess 12 features:
Total Length (TL), Total Weight (TW), Body Depth (BD), Standard Length (SL), Fork Length
(FL), Snout Length (SnL), Dorsal Fin Length (DFL), Pectoral Fin Length (PtFL), Pelvic Fin
Length (PvFL), Caudal Fin Length (CFL), Anal Fin Length (AFL), and Head Length (HL). Total

Weight included the gonads or gut. Total Length was measured from the mouth tip to the end of
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the longest caudal fin. Body Depth was the maximum vertical distance. Standard Length was the
distance from the snout to the base of the caudal fin, excluding the tail. Fork Length was
measured from the snout to the end of the central caudal ray, while Snout Length was the
distance from the snout to the foremost edge of the fleshy orbit. Dorsal Fin Length was taken
from the base to the tip of the longest ray, Pectoral Fin Length from the origin to the tip of the
largest ray, and Pelvic Fin Length from the origin to the tip of the largest ray. Caudal Fin Length
was the maximum tail fin length, Anal Fin Length was from the origin to the tip of the largest
ray, and Head Length was measured from the snout to the end of the operculum (19).

Statistical Analysis

Data was being analyzed using Minitab Version 18. (Mean, standard error of meanand range)
we used one-way ANNOVA (20).

Results

This study investigated the hematological profile, morphometric characteristics, and the effects
of olanzapine on the histopathological profile of Oreochromis mossambicus fish.

Effect of olanzapine on haematological profile Tilapia (O. mossambicus)

After treating the fishes with olanzapine the complete blood count of fishes were analyzed. The
study compared hematology profiles between control and experimental groups, focusing on
WBCs, RBCs, platelets, and related factors. The control group had higher WBC, RBC, HCT,
MPV, PDW, and MCV values, while the experimental group showed higher MCH, MCHC,
RDW-CV, and PCT values. Significant differences were observed in platelet counts (higher in
control, P=0.024), MCH (higher in experimental, P=0.004), and MCHC (borderline higher in
experimental, P=0.053). Overall, the control group had generally higher blood cell counts, while
the experimental group exhibited elevated MCH and MCHC, suggesting treatment effects on

blood composition. These results are shown in Table 1.

Table 1: Hematological profile of the tilapia affected by the olanzapine

Parameters |Groups Mean [|SD SE F value |P-value

WBCs Control 12.7 0.08 0.05 3.00 0.159
Experimental  6.37 5.175 2.99

RBCs Control 0.45 0.03 0.02 3.27 0.145
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Experimental 0.25 0.153 0.09

Platelets Control 19.13 0.12 0.07 12.51 0.024*
Experimental [78.33 23.669 [13.67

HGB Control 2.13 0.12 0.07 0.28 0.625
Experimental [1.6 0.726 0.42

HCT Control 5.33 0.12 0.07 2.7 0.176
Experimental 2.87 2.12 1.22

MPV Control 8.23 0.54 0.31 1.03 0.368
Experimental  [7.83 0.125 0.07

PDW Control 17.27 0.12 0.07 1.89 0.241
Experimental |16.9 0.356 0.21

PCT Control 0.02 0 0 0.72 0.443
Experimental |0.06 0.019 0.01

MCHC Control 38.37 0.21 0.12 7.42 0.053*
Experimental #48.9 5.463 3.15

MCH Control 48.93 0.12 0.07 37.47 0.004**
Experimental 58.75 2.265 1.31

MCV Control 128.53 0.29 0.17 2.26 0.207
Experimental [121.63 6.483 3.74

NS= non-significant (p > 0.05); *= significant (p<0.05); **=highly significant (p<0.01)SD=
Standard deviation; SE= Standard error

Effect of olanzapine on Tilapia behaviour (Oreochromis mossambicus)

Tilapia fish movement on the left side was 23.94+7.92 in the control group and 26.27+9.01 in
the experimental group (P=0.473). On the right side, movement was 25.01+5.27 in the control
group and 37.00+9.35 in the experimental group, with a highly significant P value of 0.000.
Surface and center movements were 8.73+2.98 and 6.67+2.39 in the control group, and
25.36+8.20 and 30.33£11.89 in the experimental group. Column-side and feeding movements
were 28.87+8.04 and 27.80£10.13 in the control group, and 5.01+1.62 and 6.33£2.09 in the
experimental group. Base movement was 5.87£1.45 in both groups. The right-side movement
was the only statistically significant difference (P=0.000). These findings are detailed in Table 2.

Table 2: Comparison in hematological parameters between experiment and control group dueto
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Olanzapine
Observations Control Experimental
Range Range .
Mean+S.D | Minimum- | MeantS.D Minimum- value P value
Maximum Maximum

Left side 23.94£7.92 | 15-45 26.27+9.01 13-39 0.53 | 0.473"
Right side 25.01+5.27 19-35 37.00£9.35 22-45 17.48 | 0.000**
Surface 8.73+2.98 03-13 6.67+2.39 03-11 4.11 | 0.05*
Centre 25.36+8.20 | 14-45 30.33+11.89 11-45 1.66 0.208
Column 28.87£8.04 | 17-39 27.80£10.13 10-44 0.1 0.758
Feeding 5.01+1.62 03-08 6.33+2.09 03-09 3.52 0.071
Base 5.87+1.45 04-09 6.60+2.03 04-10 1.21 0.281

NS= non-significant (p > 0.05); *= significant (p<0.05); **=highly significant (p<0.01)SD=

Standard deviation; SE= Standard error

Comparison of morphometric Characters Tilapia mozambique (Oreochromis mossambicus)

due to Olanzapine

We observed 10 morphometric characteristics in the experiment. The body weight in the control

group was 24.82+4.08, slightly higher than the 23.59+6.80 observed after treatment and

21.94+6.73 before treatment (P=0.863). Body length was similar across groups, with 10.82+0.72
in the control group, 10.98+1.08 after treatment, and 10.91+0.97 before treatment (P=0.996).

Pelvic fin length increased significantly in the treated group, measuring 5.67+4.40, compared to
2.14+0.21 in the control group and 2.60+0.37 before treatment (P=0.121). Pectoral fin length

was 3.22+0.19 in the control group, decreasing to 2.71+0.28 before treatment and increasing to
3.04+0.37 after treatment (P=0.356).
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Caudal fin length was 2.14+0.16 in the control group, increasing to 2.50+0.41 before treatment
(P=0.24). Anal fin length increased from 2.50+0.06 in the control group to 3.29+0.99 after
treatment (P=0.126). Dorsal fin length decreased from 6.38+0.49 in the control group to
5.98+1.35 after treatment (P=0.121). Body circumference was greater in the treated group
(7.52+1.21) compared to the control group (6.21+1.49) (P=0.192). Head circumference was
similar between groups, with 3.32+1.96 in the treated group and 3.21+2.23 in the control group
(P=0.916). Head size was larger in the treated group (6.69+0.71) compared to the control group
(5.54£1.71) (P=0.145). These results are detailed in Table 4.

Table 4: Effect of olanzapine on morphometric patrameters

Measurements Control Experimental
Before treatment | After treatment
F P
Meanz SD | SEM | Meanx SD | SEM | MeanzSD | SEM
Value | value
Body weight 24.82+4.08 | 1.58 |21.94+6.73 | 2.74 | 19.59+6.80 | 2.77 0.15| 0.86
Body length 10.82+0.72 | 0.25 | 10.91+0.97 | 0.39 | 10.98+1.08 | 0.44 0 | 0.996
Pelvic fin 2.14+0.21 | 0.074 | 2.60+0.37 0.15 | 5.67+4.40 | 1.795 2.38 | 0.121
Pectoral fin 3.22+0.19 0.2 |2.71+0.28 0.11 | 3.04+0.37 | 0.149 1.1 | 0.356
Caudal fin 2.14+0.16 | 0.057 | 2.50+0.41 0.16 | 2.46+0.46 0.18 155| 0.24
Anal fin 2.50+0.06 | 0.069 | 2.49+0.42 0.17 | 3.29+0.99 | 0.404 2.33 1 0.126
Dorsal fin 6.38+0.49 | 0.204 | 5.42+0.45 0.18 | 5.98+1.35 0.55 2.38 | 0.121
Body
) 6.21+1.49 | 0.606 | 6.06+1.04 0.42 | 7.52+1.21 | 0.493 1.81| 0.192
circumference
Head
) 3.21+2.23 | 0.803 | 3.33+1.92 0.78 | 3.32+1.96 | 0.801 0.09 | 0.916
circumference
Head size 5.54+1.71 0.59 | 5.36%+1.05 0.42 | 6.69+0.71 | 0.289 2.15| 0.145

NS= non-significant (p > 0.05); *= significant (p<0.05); **=highly significant (p<0.01)SD=
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Standard deviation; SE= Standard error

Histopathology of gills, kidney and liver treated with olanzapine

The gills of control group fish displayed normal structure (Figure 1), while those exposed to
olanzapine showed fusion and disruption of primary and secondary lamellae. Olanzapine induced
mild to moderate changes in the kidneys, with slight alterations in cellular proliferation and
glomerular cellularity after 28 days of treatment at 0.06 mg/l. No significant adverse effects were
observed in the kidneys, indicating olanzapine is relatively safe for fish kidneys. The liver,
responsible for detoxifying environmental toxins, showed minimal structural changes upon
olanzapine exposure, with no significant deviations from the normal liver architecture. The
central lobules featured a thin-walled vein with a portal triad containing a portal vein, an artery,
and a bile duct, while hepatocytes were arranged in an interconnecting network of single-cell-

thick trabeculae.

Histopathological analysis of the gills in the control group showed no abnormalities. In contrast,
the gills of olanzapine-treated Tilapia exhibited inflammation, fragmentation, hyperplasia, and
hypertrophy, with the central vena cava of the gills expanding and the gill tissue thinning
compared to the control group (Figure 1a). Kidney tissues of Tilapia treated with 0.6 mg/I
olanzapine showed hyperemia, but no distinct changes were observed compared to the control
group (Figure 1b). Liver variations were assessed using the method by (21), revealing hepatic
cord disarrangement, hepatocyte vacuolation, and rupturing of blood vessels. Figure 1c illustrates
these histopathological changes in the liver, showing normal tissue (A) and 0.6 mg/I olanzapine-
treated tissue with hypertrophy and hepatocyte vacuolation (B).
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a) Gills treated with olanzapine (A is control, B is treated), (a) primary
lamella, (b) secondary lamella, (c) show central van

A,‘
S

R SRR

LU N

c) Liver treated with olanzapine (A is control, B is treated), (a) hypertrophy, (b)
hepatocytes vacuolation

Figure 1: The histopathological analysis in different organs of fish
Effects of olanzapine on Tilapia’s Cortisol Level
It was observed that, the standard error of the mean and standard deviation of cortisol levels, a
key stress hormone, in the control group were 6.54+1.106.54 \pm 1.106.54+1.10. In the group
administered 0.6 mg/L, the values were 4.11+0.154.11 \pm 0.154.11+0.15, with a P-value of
0.016 and an F-value of 8.44. These results indicate that the cortisol levels in the experimental
group were significantly lower compared to the control group.
Discussion
The current study examined the hematological, histopathological, and physiological effects of
olanzapine exposure in Oreochromis mossambicus. Hematological analysis is crucial for
assessing the physiological status of animals affected by various diseases and environmental
toxins. In aquatic organisms like fish, hematological profiles are extensively utilized to gauge
environmental pollution and assess stress effects within aquatic ecosystems (22).
Hematological values are essential for indicating the health status of both animals and mammals.
They are used for diagnosing and monitoring diseases, evaluating therapy effectiveness, and
assessing disease prognosis. Additionally, these values serve as physiological reference points
for various species. Different physiological factors can influence the hematology of healthy
animals (23).
Hematological analysis reveals an animal's health status, metabolic profile, and potential
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disorders. Changes in hematological values are often associated with diseases and abnormalities.
This analysis includes white blood cell (WBC) counts, which indicate infection; hemoglobin and
hematocrit levels, which assess anemia; and the heterophil-to-lymphocyte ratio, which signals
stress. Additionally, biological and physiological parameters such as weight and morphometry

serve as indicators of health (24, 25).

A significant decrease (P<0.05) in platelet counts was observed in experimental fish treated with
olanzapine compared to the control group. This finding contrasts with Owoade et al. (2019), who
reported increased platelet numbers in fish treated with tramadol. The observed decrease in
platelet count in the current study may be attributed to secondary thrombocytosis resulting from

olanzapine exposure.

Red cell indices, such as MCV, MCHC, and MCH, are crucial for assessing anemia in fish.
Variations in these parameters can indicate different types of anemia, including microcytic and
macrocytic anemia. In this study, a significant increase (P<0.005) in MCH and MCHC was noted
in fish exposed to olanzapine compared to the control group. Similar increases in MCH and
MCHC values have been reported by (26) when Clarias gariepinus was exposed to sub-lethal
concentrations of diazepam, no significant changes (P>0.05) were observed in most
hematological parameters, including white blood cells (WBC), red blood cells (RBCs),
hemoglobin (HGB), hematocrit (HCT), mean platelet volume (MPV), platelet distribution width
(PDW), platelet count (PCT), and mean corpuscular volume (MCV), compared to the control
groupOlanzapine has no show significant effect on morphometric characters. It has effect on
weight if we give the extra feed. It shows wight loss in condition of restrict food circumference.

Histopathological investigation is a valuable approach for detecting the effects of anthropogenic
contaminants on organisms. By examining histopathological biomarkers, researchers can assess
the general health of a population in an environment (2 7). Anthropogenic wastes dumped into
water bodies negatively impact aquatic life, particularly fish. Changes observed in multiple
tissues are crucial for understanding the biological consequences of a toxicant and diagnosing the
resultant damage (28). The severity of the damage often inversely correlates with the toxic
potential of the contaminant.

The liver plays a crucial role in detoxifying medications and harmful substances in fish.
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Consequently, alterations in the liver of aquatic species, such as fish, due to environmental
pollution, serve as indicators of habitat contamination (29). Liver histology provides a highly
sensitive and precise method for assessing the impact of pollutants or harmful substances on fish.
In the current study, Oreochromis mossambicus exposed to olanzapine exhibited changes in
various organs, highlighting the effects of the drug on their health.

Gills are vital for respiration and ionic regulation in fish, and their high permeability and
extensive surface area make them an effective tool for monitoring the impacts of contaminants
on aquatic life (30). In this study, the gills of the control group fish exhibited normal structure,
while the gills of fish exposed to olanzapine showed fusion and disruption of the primary and
secondary lamellae. This observation is consistent with findings by other researchers, such as
those in Indian major carp Catla catla exposed to Bisphenol-A (31). The kidneys are crucial for
haematological and osmoregulatory functions in fish, and their histological condition can
indicate environmental contamination because they process most of the post-branchial blood
(32). In this study, no structural changes were observed in the kidneys of Oreochromis
mossambicus treated with olanzapine, indicating that the drug did not negatively affect the
kidneys of the fish.

Conclusion

The study concludes that olanzapine is relatively safe for the liver but may be toxic to the gills
and kidneys of Tilapia. While the drug did not significantly impact the fish's behavior,
morphometric characteristics, or hematological profile, it caused notable gill damage and mild to
moderate changes in kidney structure. Most hematological parameters showed no significant
differences, except for a notable change in MCH. Movement analysis revealed significant
differences in right-side movement, but other behavioral and morphometric metrics remained
unaffected.

Acknowledgments

Authors are thankful to the University department for completing the work.

Author’s contribution

All authors contributed equally in the manuscript.

Funding

None

Conflict of interest



Ansa Noreen/Afr.J.Bio.Sc. 6(15) (2024) Page 9139 to 10

None
References

1. Amal M, Zamri-Saad M. Streptococcosis in tilapia (Oreochromis niloticus): a review.
2011.

2. Pedini M, Freddi A. The application of the Article 9 of the FAO Code of Conduct for
Responsible Fisheries in the Mediterranean. Cahiers Options Méditerranéennes. 2000(51):117-
25.

3. Sugunan VV, Prein M, Dey M. Integrating agriculture, fisheries and ecosystem
conservation: Win-win solutions. 2006.

4. Ssentongo G. On the fishes and fisheries of Lake Baringo. 1974.

5. Azad AP, Mahmood K. Marine Fisheries of Pakistan A Geographical Review. Research
Journal Social Sciences. 2003;2(1).

6. Department AOotUNF. The State of World Fisheries and Aquaculture, 2000: Food &
Agriculture Org.; 2000.

7. Cramer W, Yohe GW, Auffhammer M, Huggel C, Molau U, Faus da Silva Dias MA, et
al. Detection and attribution of observed impacts2014.

8. Pérez-lglesias JM, Bach NC, Colombetti PL, Acufia P, Colman-Lerner JE, Gonzalez SP,
et al. Biomonitoring of alterations in fish that inhabit anthropic aquatic environments in a basin
from semi-arid regions. Toxics. 2023;11(1):73.

9. Meltzer L, Johnson M, Blinick N, Fleishman A, Twohig N, Smith W. Ecological and
socio-economic impacts of by-catch mortality associated with shrimp trawling in Bahia de Kino,
Sonora, México.

10.  Cooper K. Cumulative effects of marine aggregate extraction in an area east of the Isle of
Wight- a fishing industry perspective. Science series technical report Centre for Environment,
Fisheries and Aquaculture Science. 2005;126:28.

11. Reynolds J. A review of ecological interactions between crayfish and fish, indigenous
and introduced. Knowledge and Management of Aquatic Ecosystems. 2011(401):10.

12.  Abdel-Aziz MF, Hamza DS, Elwazer TA, Mohamed AS, Ashraf Y. Short-term starvation
at different feeding regimes on appetite responses, feeding utilization and physiological indices,
of red hybrid tilapia (Oreochromis mossambicusx Oreochromis niloticus) fingerlings reared in
brackish water. Heliyon. 2024;10(3).

13.  Aebi H. [13] Catalase in vitro. Methods in enzymology. 105: Elsevier; 1984. p. 121-6.
14. Khan MS, Qureshi NA, Jabeen F, Wajid M, Sabri S, Shakir M. The role of garlic oil in
the amelioration of oxidative stress and tissue damage in rohu Labeo rohita treated with silver
nanoparticles. Fisheries Science. 2020;86:255-69.

15.  Zook EG, Powell JJ, Hackley BM, Emerson JA, Brooker JR, Knobl Jr GM. National
Marine Fisheries Service preliminary survey of selected seafoods for mercury, lead, cadmium,
chromium, and arsenic content. Journal of Agricultural and Food Chemistry. 1976;24(1):47-53.
16. Habig C, Digiulio RT, Nomeir AA, Abou-Donia MB. Comparative toxicity, cholinergic
effects, and tissue levels of S, S, S,-tri-n-butyl phosphorotrithioate (DEF) to channel catfish
(Ictalurus punctatus) and blue crabs (Callinectes sapidus). Aquatic toxicology. 1986;9(4-5):193-
206.

17.  Govindasamy R, Rahuman AA. Histopathological studies and oxidative stress of
synthesized silver nanoparticles in Mozambique tilapia (Oreochromis mossambicus). Journal of
Environmental Sciences. 2012;24(6):1091-8.



Ansa Noreen/Afr.J.Bio.Sc. 6(15) (2024) Page 9140 to 10

18.  Pandya P, Upadhyay A, Thakkar B, Parikh P. Evaluating the toxicological effects of
agrochemicals on glucocorticoid receptor and serum cortisol level in Mozambique tilapia.
Cogent Biology. 2018;4(1):1480338.

19. Kalhoro MA, Liu Q, Memon KH, Waryani B, Soomro SH. Maximum sustainable yield
of Greater lizardfish Saurida tumbil fishery in Pakistan using the CEDA and ASPIC packages.
Acta Oceanologica Sinica. 2015;34:68-73.

20.  Stawarczyk B, Ozcan M, Trottmann A, Himmerle CH, Roos M. Evaluation of flexural
strength of hipped and presintered zirconia using different estimation methods of Weibull
statistics. Journal of the mechanical behavior of biomedical materials. 2012;10:227-34.

21.  Poleksi¢ V, Mitrovi¢-Tutundzi¢ V. Fish gills as a monitor of sublethal and chronic effects
of pollution. Sublethal and chronic effects of pollutants on freshwater fish. 1994:339-52.

22.  Adhikari S, Lal R, Sahu BC. Carbon footprint of aquaculture in eastern India. Journal of
water and climate change. 2013;4(4):410-21.

23.  Zapletal T, Andreas M, Adamek Z, Spacek J, Mikl L, Mare$ J. Endangered aquatic
macrophytes in the diet of rudd (Scardinius erythrophthalmus). Folia Zoologica. 2019;68(1):1-8.
24, Lobato FL, Barneche DR, Siqueira AC, Liedke AM, Lindner A, Pie MR, et al. Diet and
diversification in the evolution of coral reef fishes. PLoS One. 2014;9(7):e102094.

25.  Preedy VR, Lakshman R, Srirajaskanthan R, Watson RR. Nutrition, diet therapy, and the
liver: CRC Press; 20009.

26.  Ogueji E, Nwani C, Iheanacho S, Mbah C, Okeke C, Yaji A. Acute toxicity effects of
ibuprofen on behaviour and haematological parameters of African catfish Clarias gariepinus
(Burchell, 1822). African Journal of Aquatic Science. 2018;43(3):293-303.

217. Khoshnood Z, Khodabandeh S, Mosafer S, Khoshnood R. Effects of Cortisol on Gill
Chloride Cells in Persian Sturgeon Acipenser persicus Fry. Cell Journal (Yakhteh).
2010;11(4):424-31.

28.  Adeyemo A. Fish diseases symptoms as observed by fish farmers in Ogbia and Yenagoa
local government areas of Bayelsa State Nigeria. J Agric Vet Sci. 2011;3:13-6.

29.  Moon DY, Jeong HG, Myoung J-G, Choi JH, Kwun HJ, Back JW, et al. Fish species
collected by the fish collection project from the Southern Sea of Korea during 2010-2012.
Korean Journal of Fisheries and Aquatic Sciences. 2015;48(4):507-28.

30. Ribeiro CO, Vollaire Y, Sanchez-Chardi A, Roche H. Bioaccumulation and the effects of
organochlorine pesticides, PAH and heavy metals in the Eel (Anguilla anguilla) at the Camargue
Nature Reserve, France. Aquatic Toxicology. 2005;74(1):53-69.

31. Faheem M, Jahan N, Lone K. Histopathological effects of bisphenol-A on liver, kidneys
and gills of Indian major carp, Catla catla (Hamilton, 1822). JAPS: Journal of Animal & Plant
Sciences. 2016;26(2).

32.  Cengiz EIl. Gill and kidney histopathology in the freshwater fish Cyprinus carpio after
acute exposure to deltamethrin. Environmental Toxicology and Pharmacology. 2006;22(2):200-
4.





