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Abstract: Histopathological changes in fish muscle and liver tissues serve as reliable
biomndicators of aquatic pollution and ecological stress. This study analyzed seabream
(Nemipterus japonicus) and Seabass (Lates calcarifer) from three coastal sites of Balochistan
Gadani, Dam, and Kund Malir represented high, moderate, and low anthropogenic mfluence,
respectively. Muscle and liver samples from posterior and caudal regions processed to use
hematoxylin and eosin staining to assess fiber dimensions and tissue integrity. Muscle fiber
thickness in Lates calcarifer from Dam (4.758 % 0.813um) was signiticantly lower than in
Kund Malir (5.623 % 0.739um; p < 0.01), while fiber length showed no significant variation
(24.76-5.195um; p > 0.05). Histological observations revealed severe hepatic vacuolar
degeneration, sinusordal cells arrangement, and muscle necrosis in Gadani specimens, moderate
tissue alterations m Dam fish, and normal architecture in Kund Malir samples. The findings
demonstrate that environmental stress and pollution strongly imfluence fish tissue structure,
confirming Gadani as the most impacted and Kund Malir as the least affected site. Additionally,
the study emphasizes the importance of continuous biomonitoring and sustarnable
management of the Balochistan coast, support the histopathological biomarkers as sensitive
indicators of environmental quality.
Key words: Seabass, Muscle Histology, Histopathological Alteration, Aquatic Environment,
Water Quality
I. INTRODUCTION
Examining the organs morphologically and histologically offers important information. This information
described ecological adaptability, and stress responses of aquatic animals in particular environment.
Coastal strip of Balochistan, an area known for its abundant marine biodiversity and ecological
significance. Coast like Balochistan which lack proper monitoring system can have profound biological
consequences. Understanding the physiological activities of fish, particularly in the ecologically sensitive
areas along the Balochistan coast, requires examining muscle and liver tissues. These tissues are also
important bioindicators of ecosystem health and environmental conditions (B. Mohanty et al,, 2014).
Skeletal muscle, which makes up 40-60% of a fish's body mass, is essential for development and movement
and exhibits molecular alterations in response to environmental stress (Siez-Arteaga et al, 2024).
Myofibrillar, sarcoplasmic, and connective tissue proteins are the three types of muscle proteins;
myofibrillar proteins, which include myosin and actin, make up 60-70% of all muscle proteins (Dara et
al., 2021). Cheng et al. (2014) state that the myotome, which is made up of separate muscle fibers joined

by myocommata, is in charge of muscular strength and structure. Fast-twitch (white) fibers allow for short,
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quick movements, whereas slow-twitch (red) fibers assist endurance swimming (Cediel et al, 2008;
Nachtigall et al., 2015; Gabler-Smith et al., 2023). Fish muscles are composed of red, white, and
intermediate fiber types. Because of these properties, muscle tissue is a crucial marker of both physiological
well-being and the reaction to environmental stress. The liver, which is the biggest internal organ in fish,
is essential for biosynthesis, detoxification, and metabolism (Long et al., 2022). It controls detoxification
in the face of environmental stress, lipid metabolism, and nutrition storage (LLong et al,, 2021). The portal
vein and hepatic artery supply 70 to 80% of the blood that the liver gets (Akiyoshi & Inoue, 2004). Plates
of hepatocytes, sinusoids for nutrition exchange, and portal triads the hepatic artery, bile duct, and portal
vein are its histological components (Sales et al,, 2017). According to Qiao et al. (2016) and Hussein et
al. (2023), the liver is a great model for evaluating the health of aquatic ecosystems because it facilitates
the generation of vitellogenin, the metabolism of fat and carbohydrates, and detoxification. Fibrosis,
necrosis, and vacuolation are examples of histopathological alterations that suggest infection or
environmental stress (Wolf & Wolfe, 2005; Cao et al, 2023). The muscles and liver morphology under
site specification in Asian seabass and seabream have not yet been described in Balochistan. However, this
is identified with the influences by environmental stressors and promoted sustainable fisheries
management. Histopathological examination is a sensitive and trustworthy method (Haredi et al., 2020;
Shavalier et al., 2021).
The Asian seabass and seabream are marine fish species used for food in Pakistan. However, few studies
have indicated the importance of biodiversity. None of the previous work has been evident the liver and
muscle morphology have been conducted on these species. This study aims to study structural
investigation of the muscle and liver tissues of Asian seabass and seabream. In addition, support fish
health monitoring, environmental evaluation, and sustainable fisheries management in Gadani, Dam and
Kund Malir Balochistani. This study explored baseline data to evaluate the tissue morphological and
histological parameters in the costal belt of Balochistan.
2. MATERIALS AND METHODS

2.1 Study Area

The research was conducted across three ecologically significant coastal sites at the costal belt in
Balochistan which are Dam, Gadani, and Kund Malir (Figure I a-c). These locations were selected due
to their environmental relevance and the presence of commercially important fish species. Samples were
collected with the assist of local fishermen using traditional fishing methods. This approach not only

ensured the authenticity and ethicality of the sampling process.
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Figure I: Map of the study area: (a) represents the map of Pakistan; (b) shows the map of Balochistan;
and (¢) illustrates the specific research area and sampling points
2.2 Sample Collection
Specimens of Asian seabass and seabream were collected from each site using gill nets with the
assistance of local fishermen. Fish were euthanized following ethical guidelines. Morphometric
measurements, including total length and body weight, were recorded prior to dissection.
2.3 Muscle Tissue Sampling
Muscle tissues were excised from the posterior and caudal regions, (Figures 2¢,d and ¢) Samples
were rinsed with deionized water to remove blood. For histological analysis, tissues were fixed
in 10% neutral buffered formalin for 24-48 hours.
2.4 Liver Tissue Sampling
Liver tissues were carefully dissected from the ventral cavity of each specimen, (Figures 2¢,d

and e). Samples were washed in deionized water to eliminate blood residues and immediately
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tixed in 10% neutral buffered formalin for 24-48 hours. This fixation step ensured the

preservation of hepatocyte morphology for subsequent histological evaluation.

from the field, (b) dissection of the collected samples in the laboratory, and (c—e) display of the
dissected samples prepared for further analysis.

2.5 Histological Analysis

Fixed tissues were dehydrated in a graded ethanol series, cleared in xylene, and embedded in
paraffin wax. Sections of 4-5 um thickness were prepared using a rotary microtome, mounted
on glass slides, and stained with Hematoxylin and Eosin (H&E). Slides were examined under a
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light microscope (40x—100x) to evaluate muscle fiber arrangement, degeneration, necrosis, and

liver histoarchitecture including hepatocyte organization, vacuolation, and sinusoidal dilation.

2.6 Morphometric Analysis

The morphometric analysis has been implemented in this study. Liver sinusoidal cells

arrangement and Muscle fiber dimensions, including length, width, and height, were measured

using Image] software.

2.7 Statistical Analysis

Data has resulted as mean % standard deviation (SD). Differences among the sites were analyzed

using one-way Analysis of Variance (ANOVA), followed by Tukey’s post-hoc test where

applicable. A significance level of p < 0.05 was used.

3. RESULTS
The result of this study provides a deep description of the histological examinations
performed on the liver and muscle tissues. seabream (Nemipterus japonicus) and Asian
seabass Lates calcarifer, which were obtained from three ecologically different coastal
locations in Balochistan: Gadani, Dam, and Kund Malir (Figures Ib-c).
A comparison of the muscle fiber lengths of seabream (Nemipterus japonicus) in Dam,
Gadani, and Kund Malir showed no significant differences (p=>0.05). Additionally, no
morphological variation was found across the research sites, and the muscle fiber length in
Kund Malir was (24.761£5.195 pm). The muscle fiber in Dam s 25.4922.650um in length.
However, the muscle fiber in Gadani findings has been measured as 24.32+3.166 pum which
are slightly closer to Kund Malir site but lower to Dam.
Using Hematoxylin and Eosin (H&E) staining the muscle fiber thickness of seabass (/aze
calcarifer) revealed a significant difference between Dam, Gadani, and Kund Malir (Figure
3), (*p<0.0I). For seabream no morphological variation was found among the sites.
However, Kund Malir's muscle fiber thickness was measured as 5.61210.760 Hm). Dam's
muscle fiber has a thickness of 5.38510.688 pm. The muscle thickness in Gadani site was
measured as 5.06920.612 pm) in which fish mentioned name, this has bit confusion. Seabass
(late calcarifer) muscles fiber thickness analysis shows significant difference between Dam
and Kund Malir (**p<0.01), there was no morphological difference between Kund Malir
and Gadani. observed in which muscle fiber thickness of Kund Malir is (5.623£0.739 pum).
The thickness of muscle fiber Dam is (4.62320.813um), in Gadani this observed with
(5.661£0.852um).
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Figure 3: Muscles Fiber Length and Thickness in Seabass (A & B) and Seabream (C

&D)

The measurements of muscle fiber thickness and fiber length in Seabass (Lates calcarifer)
and seabream (Nemuprerus japonicus) collected from Dam, Gadani, and Kund Malir
showed no significant variations in fiber length across the three sampling sites. However, a
notable reduction in muscle fiber thickness was observed in specimen collected from Dam

when compared to those from Kund Malir.

Table I: Comparison of Muscle Fiber of Length and Thickness Across the sites
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= Length Thickness Significance Significance
ites
(nm) (nm) (Iength) (Thickness)
Kund >0.05(not >0.05(not
21.67+4.997| 5.623+0.739 | P L=
Malir significant significant)
Dam 21.1544.214| 475840813 p>0.05(not p<0.01(significantly
Seabass (lates significant different
calcarifer)
Gadani | 19.08+3.147| 5.661x0.852 | P 0-05(mot p=0.05(not
significant significant)
Kund >0.05(not >0.05(not
24.76+5.195| 5.612+£0.760 | P70 EEEERE
Malir significant significant)
Seabream
(Nemipterus | Dam | 25.76£2.650| 5.385:0.688 el O =00 e
. cus) significant significant)
Jjaponicus
Gadani | 24.3243.166| 5.069+0.612 | P~0-05(mot p=0.05(not
significant significant)

The muscle fibers in fish from the Dam may be attributed to environmental stressors, including

potential pollution or suboptimal water quality conditions that can negatively impact muscular

development. Muscle fiber thickness is a recognized indicator of fish health and growth

performance, reduced thickness often reflects chronic exposure to environmental contaminants,

reduced food availability, or metabolic stress. The findings highlight the potential influence of

site-specific ecological conditions on muscle physiology, further investigation into

environmental factors such as water chemistry, pollutant load, and habitat quality in the Dam

area.

3.1 Histological Analysis of Muscles

The muscle tissues of Seabass (Lates calcarifer) and seabream (Nemipterus japonicus) were
collected from various study sites and subjected to HE staining. Lates calcarifer from Gadani
showed severe muscle fiber degeneration with extensive fragmentation and large gaps as
shown in (Figure 4A). Lates calcarifer from Dam showed moderate muscle fiber
disorganization with visible gaps and signs of muscle atrophy (Figure 4B). Lates calcarifer
from Kund Malir had very clear organization of muscle (Figure 4C). Nemipterus japonicus
from Gadani showed severe muscle damage with fragmented fibers and large empty spaces
inflammation (Figure 4D). Nemupterus japonicus from Dam showed moderate muscle

degradation and fiber misalignment (Figure 4F). Nemipterus japonicus from Kund Malir,
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which closely resembles healthy muscle histology due to its well-organized muscle structure

(Figure 4F).

Kund Malir

Seabass
Lates calcarifer

Seabream
Nemipterus
japonicus

Figure 4: Hematoxylin and Eosin (H&E) staining of muscle tissues of Seabass (Lates
calcarifer) and seabream (Nemipterus japonicus). (A) Indicates Lates calcarifer from Gadani
(B) Represents the Lates calcarifer from Dam (C) Shows the Lates calcarifer from Kund
Malir, (D) Indicates the Nemipterus japonicus from Gadani (E) Represents the Nemipterus
Japonicus from Dam. Arrows; indicate gaps between the muscle fibers. 40X magnification.
3.2 Histological Analysis of Liver Tissue
Hematoxylin and Eosin (H&E) staining was applied on liver tissues to examine
histomorphology. Seabass (Lates calcarifer) from Gadani (Figure SA) displaying
hepatocytes with vacuolar degeneration and sinusoidal dilatation (Figure SB); Dam-Seabass
(Lates calcarifer) from study site of Dam displaying inflammatory cell infiltration and
necrotic hepatocytes (Figure SC). Kund Malir Seabass (Lates calcarifer), normal hepatic
tissue with well-organized hepatocytes and clear sinusoids; (Figure SD) Gadani Seabream
(Nemipterus  japonicus) displaying hepatocellular ~ disorganization, necrosis, and
inflammatory infiltration; (Figure SF) Kund Malir Seabass (Nemiprerus japonicus) normal

hepatic tissue with clear sinusoidal spaces and well-arranged hepatocytes.
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Gadani Dam Kund Malir

Seabass Lates
calcarifer

Seabream
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japonicus

SR N 22

Figure 5: Hematoxylin and Eosin (H&E) staining was used on liver tissues. (A) Indicates Lates
calcarifer from Gadani (B) Represents the Lates calcarifer from Dam (C) Shows the Lates
calcarifer from Kund Malir, (D) Indicates the from Nemipterus japonicus Gadani (E)
Represents the Nemiprerus japonicus from Dam (F) Indicates the from Nemipterus japonicus
Kund Malir. Arrows; indicate gaps between the muscle fibers. 40X magnification.

Table 2: Histological Observation of Liver Actoss the Three Study Sites Summarized.
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Species Site Liver histology observation
| Normal liver histology with clear sinusoids and well arrangement
Kund Malir
hepatocytes
Seabass - - : :
Presence of inflammatory cell infiltration and necrotic hepatocytes
(Lates Dam
observed
calcarifer)
; Hepatocytes showed vascular degeneration and sinusoidal
Gadani -

dilatation.

| Liver tissue appeared normal with well-organized hepatocytes and
Kund Malir o ;
minimal pathological changes
Seabream : . . :
Moderate hepatic changes such as inflammatory signs and mild
(Nemipterus Dam '
cell degeneration observed
Jjaponicus)
) Hepatocellular disorganization, necrosis, and inflammation were
Gadani .
prominent

4, Discussion

The current study examined the morphological and histological characteristics of the liver and
muscle tissues in Lates calcarifer and Nemipterus japonicus from three coastal locations of
Balochistan: Kund Malir, Dam, and Gadani. Seabass and seabream are widely studied species
(Rosati et al., 2025). Seabream has shown strong development and flexibility in a range of
environmental conditions (Bané et al., 2024). At a 6% body weight feeding rate, Asian seabass
had excellent development and physiological health, demonstrating the need for proper nutrition
in preserving normal tissue structure (Ul Hassan et al., 2021). Seabream demonstrated that better
dietary and environmental circumstances increased physiological performance and overall tissue
health (Matadamas-Guzman et al., 2019). Seabream from the coast of Sindh (Ali et al., 2023)
showed good growth under appropriate nutritional and climatic circumstances, supporting the
current findings for seabream from the coast of Balochistan, which have shown similar histological
changes in seabream tissues linked to dietary and environmental variables.

In the present studies seabass and seabream both species, myofibrillar organization and myotomal
architecture stayed essentially normal. Particularly, Kund Malir samples had dense fiber packing
and characteristic fascicular patterns. Only modest deviations from this baseline were seen in the
specimens from Dam and Gadani: very slight fiber misalignment, a slight decrease in packing
density, and small space between fibers. Significantly, there were no signs of pathogenic features
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including necrosis, widespread fragmentation, inflammatory infiltration, or noticeable atrophy.
These findings are consistent with a number of comparative studies that demonstrate how marine
teleost muscle tissue frequently maintains structural integrity in the face of mild or temporary
disruptions. According to Shahid et al. (2022), while maintaining overall myofibrillar
organization, fish muscle can exhibit only minor architectural alterations (mild fiber separation,
slight atrophy) across sites with varying water quality. In a similar vein, (Goralskyi et al., 2024)
discovered that in fish populations that experience regular seasonal and dietary change, normal
muscle histology continues to be the predominant type. Recent morphological and histological
descriptions of Lates calcarifer show the species' strong muscular architecture under a variety of
handling circumstances and life stages (Malila et al., 2024; (Takahashi et al., 1985). The little
muscle abnormalities found in Dam and Gadani are comparable with low-magnitude, non-
pathological variability seen elsewhere, according to these comparative studies.

Kund Malir's liver slices showed clear sinusoids, polygonal hepatocytes with identifiable nuclei,
and well-organized hepatic cords. Although there were sporadic moderate vacuolization and
minor cytoplasmic changes in the Dam and Gadani samples, the general parenchymal architecture
was still identifiable and functioning. The specimens under examination did not exhibit broad
inflammatory infiltrates, significant sinusoidal collapse, or extensive necrotic zones.

According to the literature, marine fish populations frequently exhibit modest hepatic
vacuolization and slight alterations in cytoplasmic texture, which may indicate normal metabolic
or nutritional dynamics rather than obvious disease (Santos et al., 2022; Topié Popovié et al.,
2023). For instance, Santos et al. (2022) found that seasonal patterns of moderate hepatocellular
vacuolization in freshwater fishes were associated with metabolic cycles rather than permanent
damage. Similarly, hepatocyte appearance varies with food composition or feeding history, and
liver shape can revert to baseline once circumstances alter (Donadelli et al., 2024; Caballero et
al., 2004). Small hepatic vacuoles, mild sinusoidal dilatation, or minimal cytoplasmic clearance
are typical and should be evaluated in light of numerous lines of evidence, according to recent
reviews and multi-marker studies (Jerald, 2024; Pramanik et al., 2024).

5. CONCLUSION

In the current study, tissue integrity and environmental quality were shown to be strongly
correlated in seabass (Lates calcarifer) and seabream (Nemipterus japonicus) obtained off the
coast of Balochistan. Due to industrial and human-caused contamination, fish from Gadani
showed significant muscle degeneration and liver damage, but those from Dam showed modest

changes. On the other hand, the fish from Kund Malir displayed normal liver and muscle
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that fish histopathological alterations are reliable indicators for evaluating aquatic pollution and

ecosystem health. The findings show how urgently sustainable fisheries management, efficient

pollution control, and ongoing biomonitoring are needed to preserve the biological integrity of

Balochistani coastal ecosystems.

ACKNOWLEDGEMENTS

Our sincere gratitude goes to our respected teachers among with laboratory staff of Lasbela

University Agriculture Water and Marine Science Balochistan for their valuable guidance for

tield work, data generation and data analysis for this study.

REFERENCES

Ali, S., Memon, J., Ali, K., Hussain, S., Rahim, R. A., Hashmi, U. B,, ... & Khourshid, ].

(2023). Biological Performance in Black Fin Seabream, =~ Acanthopagrus  berda  (Forsskal,

1775) by Using Two Different Protein-Based ~ Diets in Seawater Earthen Ponds. Sarhad

Journal of Agriculture, 393), 632- 640.

Al-Hussaini, A. H. (1949). On the functional morphology of the alimentary tract of
some fish in relation to differences in their feeding habits: anatomy and  histology.

Journal of cell Scrence, 3(10), 109-139.

Ali, S, Memon, J., Ali, K., Hussain, S., Rahim, R. A., Hashmi, U. B,, ... & Khourshid, ].

(2023). Biological Performance in Black Fin Seabream, ~Acanthopagrus  berda  (Forsskal,

1775) by Using Two Different Protein-Based ~ Diets in Seawater Earthen Ponds. Sarhad

Journal of Agriculture, 393), 632- 640

Akiyoshi, H., & Inoue, A. (2004). Comparative histological study of teleost livers in
relation to phylogeny. Zoological science, 21(8), 841-850.

Bané, B., Bolotovskiy, A., Levin, B., Mattox, G. M., Cetra, M., Czeglédi, I, & Takacs, P.

(2024). Scale morphology is a promising, additional tool for exploring the taxonomy and

ecology of freshwater fishes. Fish and ~ Fisheries, 25(4), 569- 588.

Caballero, M. ], Izquierdo, M. S., Kjorsvik, E., Fernandez, A. J., & Rosenlund, G. (2004).
Histological alterations in the liver of sea bream, Sparus aurata L., caused by short-
or long-term feeding with vegetable oils. Recovery of normal morphology after
teeding fish oil as the sole lipid source. Journal of Fish Diseases, 279), 531-541.

Cao, Q. Shan, H., Zhao, J., Deng, ], Xu, M., Kang, H., .. & Jiang, J. (2023). Liver
fibrosis in fish research: From an immunological perspective. Fish & Shelltish

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643

Article ID: 2063
https://doi.org/10.53762/grjnst.04.02.14


https://portal.issn.org/resource/ISSN/2790-7643

Immunology, 139, 10838S.
Cediel, R. A, Blob, R. W,, Schrank, G. D., Plourde, R. C., & Schoenfuss, H. L.~ (2008).

Page 14

Muscle fiber type distribution in climbing Hawaiian gobioid fishes: ontogeny

and correlations with locomotor performance. Zoology, I11(2), 114~ 122.

Cheng, J.-H., Sun, D.-W., Han, Z., & Zeng, X.-A. (2014). Texture and Structure Measurements
and Analyses for Evaluation of Fish and Fillet Freshness Quality: A Review.

Dara, P. K., Geetha, A., Mohanty, U., Raghavankutty, M., Mathew, S., Chandragiri Nagarajarao, R., &
Rangasamy, A. (2021). Extraction and Characterization of Myofibrillar Proteins from
Different Meat Sources: A Comparative Study. Journal of Bioresources and Bioproducts, 6(4),
367-378. https://doi.org/10.1016/j.jobab.2021.04.004

Donadelli, V., Di Marco, P., Mandich, A., Finoia, M. G., Cardinaletti, G., Petochi, T., ... & Marino,
G. (2024). Effects of dietary plant protein replacement with insect and poultry by-product
meals on the liver health and serum metabolites of sea bream (Sparus aurata) and sea bass
(Dicentrarchus labrax). Animals, 142), 241.

Gabler-Smith, M. K., Coughlin, D. J., & Fish, F. E. (2023). Morphological and histochemical
characterization of the pectoral fin muscle of batoids. Journal of Morphology, 2842),
e21548. https://doi.org/10.1002/jmor.21548

Goralskyi, L. P., Demus, N. V., Sokulskyi, I. M., Gutyj, B. V., Kolesnik, N. L., &

Pavliuchenko, O. V. (2024). Peculiarities of the macro-and ~ micromorphology of
the liver of fish of the carp family (Cyprinidac) in a  comparative  aspect.
Scientific Messenger of LNU of Veterinary ~ Medicine  and  Biotechnologies.
Seties: Veterinary Sciences, 26(114), 217-226.

Guderley, H. (2004). Metabolic responses to low temperature in fish muscle. Biologrcal
Reviews, 792), 409—427. https:/ /doi.org/10.1017/S1464793103006328
Haredi, A. M. M., Mourad, M., Tanekhy, M., Wassif, E., & Abdel-Tawab, H. S. (2020). Lake
Edku pollutants induced biochemical and histopathological alterations in muscle tissues
of Nile Tilapia (Oreochromis niloticus). 7oxicology and Environmental Health Sciences,
12(3), 247-255. https:/ /doi.org/10.1007 /s13530-020-00042-w
Hassan, H. U., Ali, Q. M., Ahmad, N., Masood, Z., Hossain, M. Y., Gabol, K., ... & Kamal, M.
(2021). Assessment of growth characteristics, the survival rate and body composition of
Asian Sea bass Lates calcarifer (Bloch, 1790) under different feeding rates in closed
aquaculture system. Saudr Journal of Biological Sciences, 282), 1324-1330.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643

Article ID: 2063
https://doi.org/10.53762/grjnst.04.02.14


https://portal.issn.org/resource/ISSN/2790-7643
https://doi.org/10.1002/jmor.21548

Hussein, M. M., Sayed, R. K. A, & Mokhtar, D. M. (2023). Structural and

Page 15

immunohistochemical ~analysis of the cellular compositions of the liver of
molly fish (Poecilia sphenops), focusing on its immune role. Zoological = Letters,

A1), L. https://dot.org/10.1186/540851-022-00200- 7

Jerald, I, Ravindran, J., & Babu, M. M. (2024). Fish in focus: Navigating organ damage
assessment  through  analytical ~avenues-A  comprehensive  review. 7oxicology
reports, [01841.

Johnston, I. A. (2006). Environment and plasticity of myogenesis in teleost fish. Journal of

Experimental Biology, 209(12), 2249-2264. https://doi.org/10.1242/jeb.02153

Long, S., Dong, X., Liu, H., Yan, X,, Tan, B., Zhang, S., ... & Zhang, H. (2022). Effect of

dietary oxidized fish oil on liver function in hybrid grouper (? Epinephelus

fuscoguttatusX @ Epinephelus lanceolatus). Aquaculture Reports, 22, 101000.

Matadamas-Guzman, M., Hernindez-Calderas, 1., Ramirez, ]. C. S., & Guzman
Garcia, X. (2019). Histopathological =~ Assessment  of  Organisms  in
Ecotoxicological Studies from Mexico. In Pollution of Water Bodies in  Latin
America: Impact of Contaminants on Species of Ecological Interest  (pp. 311

317).  Cham: Springer International Publishing.

Mobhanty, B., Mahanty, A., Ganguly, S., Sankar, T. V., Chakraborty, K., Rangasamy, A.,
... & Sharma, A. P. (2014). Amino acid compositions of 27 food fishes and their
importance in clinical nutrition. Journal of amino acids, 20141), 269797.

Malila, Y., Charoensuk, D., Srimarut, Y., Saensa-Ard, S., Petpiroon, N., Kunyanee, C,, ... &
Aueviriyavit, S. (2024). Muscle proteins, technological properties, and free amino acids
of Epaxial muscle collected from Asian seabass (Lates calcarifer) at different

postmortem durations. Anrmals, 1419), 2837.

Nachtigall, P. G., Dias, M. C,, Carvalho, R. F., Martins, C., & Pinhal, D. (2015). MicroRNA-
499 Expression Distinctively Correlates to Target Genes sox6 and rodl  Profiles to Resolve
the Skeletal Muscle Phenotype in Nile Tilapia. PLOS ONE, 10(3), e0119804.
https://dot.org/10.1371 /journal pone.01 19804

Pramanik, S., & Biswas, ]J. K. (2024). Histopathological fingerprints and biochemical

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2063
https://doi.org/10.53762/grjnst.04.02.14


https://portal.issn.org/resource/ISSN/2790-7643

Page 16

changes as multi-stress biomarkers in fish confronting concurrent pollution and

parasitization. [Science, 27(12).

Qiao, Q., Le Manach, S., Sotton, B., Huet, H., Duvernois-Berthet, E., Paris, A., ... & Marie,
B. (2016). Deep sexual dimorphism in adult medaka fish liver highlighted by multi-
omic approach. Screntific reports, (1), 32459.

Rosati, S., Maiuro, L., Lombardi, S. J., Iaffaldano, N., Di Iorio, M., Cariglia, M., ... &
Sorrentino, E. (2025). Integrated Biotechnological Strategies for the Sustainability
and Quality of Mediterranean Sea Bass (Dicentrarchus labrax) and Sea Bream

(Sparus aurata). Foods, 146), 1020.

Shez-Arteaga, A., Viegas, I, Palma, M., Dantagnan, P., Valdebenito, I, Villalobos, E.  F.,
... & Heyser, C. (2024). Impact of increasing temperatures on neuroendocrine and

molecular responses of skeletal muscle and liver in fish: A comprehensive review.

Aquaculture Reports, 39, 102448.

Shahid, S., Sultana, T., Sultana, S., Hussain, B., Irfan, M., AlI-Ghanim, K. A., ... &
Mahboob, S. (2020). Alteragdes histopatoldgicas em brinquias, figado, rim e
musculos de Ictalurus punctatus coletados em areas poluidas do rio. Brazilian

Journal of Biology, (ahead).

Sales, C. F., Silva, R. F., Amaral, M. G., Domingos, F. F., Ribeiro, R. I, Thomé, R. G,, &
Santos, H. B. (2017). Comparative histology in the liver and spleen of three species
of freshwater teleost. Neotroprcal Ichthyology, 1501), e160041.

Santos, F. A., Batista, F. S., Souza, A. S., Julio, G. S., Favero, G. C,, Junior, J. F,, ... & Luz, . K.
(2023). Growth performance and histomorphology of intestine, skin, gills and  liver of

juvenile Colossoma macropomum fed diets containing different levels of the essential oil of

Nectandra grandiflora. Fishes, §10), 509.

Shavalier, M. A., Faisal, M., Moser, M. L., & Loch, T. P. (2021). Parasites and microbial
infections of lamprey (order Petromyzontiformes Berg 1940): A review of existing

knowledge and recent studies. Journal of Great Lakes Research, 47, S90-SI111.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2063
https://doi.org/10.53762/grjnst.04.02.14


https://portal.issn.org/resource/ISSN/2790-7643

Takahashi, K., Zama, K., & Egi, M. (1985). Changes in molecular species of fish muscle
phosphatidylcholine of chum salmon [Oncorhynchus keta] during migration.

Bulletin of the Japanese Society of Scientific Fisheries (Japan), 51(9).

Topi€ Popovi¢, N., CiZmek, L., Babi¢, S., Strunjak-Perovié, I, & CoZ-Rakovac, R. (2023).
Fish  liver ~ damage  related to  the  wastewater  treatment  plant
eftfluents. Environmental science and pollution research, 30(17), 48739-48768

Wolf, J. C., & Wolfe, M. J. (2005). A brief overview of nonneoplastic hepatic ~ toxicity  in

tish. Toxicologic pathology, 33(1), 75-85.

GRJNST, Volume: o4 - Issue 2 (2026) / ISSN P: 2790-7643
Article ID: 2063
https://doi.org/10.53762/grjnst.04.02.14

Page 17


https://portal.issn.org/resource/ISSN/2790-7643

