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Abstract: This study examined the impact of melatonin exposure on hematological and lipid indicators of
juvenile African catfish. A total of 135 fish were randomized into three groups: 0-, 10-, and 30 mg/L of melatonin
for 14 days, followed by 7 days of withdrawal. Hematological and lipid changes were determined using standard
bioassays. The results showed that melatonin caused a significant elevation in total white blood cell counts and a
significant reduction in red blood cell counts, packed cell volume, and hemoglobin concentration in a duration-
and concentration-dependent manner (p < 0.05). Changes in WBC recovered after melatonin withdrawal, but
RBC, PCV, and HB changes persisted. Furthermore, significant interactions were observed between melatonin
concentration and exposure duration in all hematological indicators. However, no significant changes in plasma
lipid indices were recorded (p > 0.05), which indicates that exogenous melatonin profoundly affects the
hematology but not lipid metabolism of young catfish.
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INTRODUCTION

According to recent estimates, aquaculture and fisheries account for approximately 17% of the total animal-
derived protein consumed by humans (FAO 1983; Boyd et al., 2022). The hope to increase capture based on
current methods is declining as natural aquatic sources are currently being overexploited (Bodiguel et al., 2009;
Ye and Gutierrez 2017; Costello et al., 2020), leaving farmed aquaculture to meet current demands. However,
farmed aquaculture faces daunting challenges, including worsening climate change, availability of quality water
supply, disease and parasite infestation, rising world population, increasing demand for seafood, the need for
farming systems with less harmful effects on the environment, and availability of quality and affordable feed
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(Chen et al., 2010; Kumar et al., 2018; Deng et al., 2020; Moyo and Rapatsa 2021; Yassien et al., 2022). Farmers
have employed various approaches, including diet supplementation with synthetic hormones, such as melatonin,
to boost productivity (Mosha 2018; Mustafa et al., 2020; Yu et al., 2022; Singh et al., 2024; Vijayaram et al.,
2024).

Melatonin is the major neurohormone produced and secreted by the pineal gland in vertebrates (Gern et al., 1988;
Bernard et al., 1997; Mandera et al., 1999; Somnez et al., 2023). With peak secretion coinciding with the onset
of darkness (Grivas and Savvidou 2007; Kennaway et al., 2020; Qian et al., 2022), melatonin plays a central role
in the induction and maintenance of the sleep-wake cycle in animals. Apart from its sleep-regulating functions,
melatonin is a potent antioxidant and anti-inflammatory molecule (Korkmaz et al., 2012; Deng et al., 2020; Cho
et al., 2021; Casper et al., 2024). Melatonin is secreted by the pineal gland and the eyes in fish (Cahil 1996;
Besseau et al., 2006; Vuilleumier et al., 2007) and plays crucial roles in enhancing circulatory and immune
functions (Acharyya et al., 2021; Adah et al., 2023).

Melatonin supplementation has been extensively used to improve aquaculture. For example, Samal et al. (2025)
found that melatonin concentrations below 50 mg improved the reproduction and growth performance of
ornamental fish (Devario aequipinnatus), whereas concentrations above 50 mg suppressed gonadosomatic
indices. This study also revealed that melatonin supplementation significantly increased hematological variables,
such as packed cell volume, hematocrit, and white blood cell counts. Another study by Lv et al. (2024) found that
higher melatonin supplementation (up to 240 mg/kg) for 70 days significantly improved growth performance
parameters and serum antioxidant enzyme markers in the rice field eel (Monopterus albus). In contrast, Amri et
al. (2020) found that melatonin supplementation (40 mg/kg) strongly suppressed all growth performance indices
in gilthead sea bream (Sparus aurata L.) reared under standard rearing conditions. Furthermore, feed
supplementation with 50 and 200 mg/kg of melatonin did not affect the growth performance of juvenile Nile
tilapia (Oreochromis niloticus) but reduced plasma glucose levels, total protein, and aspartate aminotransferase
activities (Veisi et al., 2021). Feed supplementation with 329.2 mg/kg melatonin significantly decreased the total
crude lipid content in Pacific White shrimp (Penaeus vannamei) (Ye et al., 2024). These earlier studies show that
the effect of melatonin varies depending on the species, concentration, sex, biological system under investigation,
or a combination of factors. Although melatonin is considered relatively nontoxic (Zetner et al., 2018), there are
increasing reports of melatonin-associated toxicity in humans.

A recent study found that 2 mg/L of melatonin supplemented in fish for 1 month modulated hematological indices
in response to transportation-induced stress (Adah et al., 2023). However, the impact of melatonin exposure on
the hematology and lipid profile of juvenile catfish in the active growth and development stage has not been
determined. We recently reported that in vitro exposure of juvenile catfish to melatonin caused profound changes
in antioxidant and oxidative stress enzyme levels (Asogwa et al., 2025). However, it is unclear whether in vitro
exposure of juvenile African catfish to melatonin has any impact on hematological and lipid profile indices. In
the present study, we report additional data on the effects of in vitro melatonin exposure on the hematological
and lipid profile parameters of juvenile African catfish for 14 days, followed by 7 days of melatonin removal.
This adds to our growing body of data profiling the impacts of exogenous melatonin on juvenile African catfish
(Clarias gariepinus) physiological, biochemical, and behavioral variables. Our findings further inform the use of
melatonin supplementation in general aquaculture practices.

2.0 MATERIALS AND METHODS

2.1 Procurement and feeding of juvenile African catfish

Interdisciplinary Journal of Agriculture and Environmental Sciences |

84 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

The juvenile African catfish (Clarias gariepinus) used in this study weighed between 18-22 g and measured
between 10-14 cm in length. They were purchased from Freedom Fisheries and Farms in Nsukka, Enugu State,
Nigeria, and transported to the Fisheries Unit at the Department of Zoology and Environmental Biology,
University of Nigeria, Nsukka. The fish were placed in well-aerated plastic aquaria with a capacity of 500 L,
filled with clean tap water at a temperature of 28.03 £ 0.6 °C. The fish were fed 5% of their body weight twice
daily at 8 AM and 4 PM, with Aller Aqua Fish Feed containing 45% crude protein. The fish were acclimatized
for 14 days prior to the study. Mortality was monitored in each experimental tank daily to prevent fouling.
2.2 Experimental design and melatonin exposure in fish
A total of 135 juvenile African catfish were used in this study and were randomly divided into three experimental
groups that received 0, 10, and 30 mg/L of melatonin (Melatonin, 10 mg/capsule, Mason Vitamins Incorporated,
USA). Each experimental group was further subdivided into three replicates with 15 fish per replicate. The fish
were exposed in vitro to melatonin in a static renewal bioassay system where the test melatonin concentrations
were renewed daily for the first 14 days, followed by a 7-day withdrawal period in which melatonin was removed
from the aquaria (totaling 21 days of experimentation) (Asogwa et al., 2025). The water-borne route of melatonin
exposure was employed to avoid potential changes in its chemical nature and increase the product’s
bioavailability to other organs, such as the gills, in which melatonin receptors have been identified (Confente et
al., 2010). Throughout the melatonin exposure and withdrawal periods, the photoperiod was maintained at a 12-
h light/dark cycle.
2.3 Blood sample collection and blood plasma separation
Blood samples were obtained on days 0 (baseline), 7, 14, and 21 (withdrawal) to assess the impact of in vitro
melatonin exposure on various hematological and lipid profile indicators. Three fish were randomly selected from
each of the three replicates in a group on each sampling day. The fish were gently wrapped in a damp cloth, with
only the tail region exposed, and blood samples were taken from the caudal vein without anesthesia. Blood
collection was completed within 2 min to reduce the potential stress caused by handling (Kole et al., 2022). After
blood collection, plasma was separated as previously described (Asogwa et al., 2025).
2.4 Determination of changes in hematological variables
Changes in red blood cell (RBC) and white blood cell (WBC) counts in response to melatonin exposure were
determined using an improved hemocytometer as described by Dacie and Lewis (1991). Red and white blood cell
counts were determined using an improved Neubauer counting chamber. Blood samples containing heparin
anticoagulant were drawn into the RBC pipette just below the 1.0 mark. Next, the dilution fluid (Rees-Ecker
solution) was drawn into the pipette to create a dilution of 1:200 and 1:100 for RBC and WBC counts,
respectively, before being introduced into the counting chamber of the Neubauer counter. RBCs were counted in
five 1 mm squares, while WBCs were counted in four squares using the 10x objective of an inverted light
microscope. Two readings were taken for each sample, and the mean values were calculated. The total RBC and
WBC counts were then determined as follows:

Total number of cells counted

RBC/WBC = * Dilution factor

Number of squares counted
1
*( )
volume of 1 sqquare
RBC/WBC = (Total number of cells counted)/ (Number of squares counted) dilution factor (1/ (volume of 1
square))
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The PCV was determined using the microhematocrit method as previously described (Blaxhall and Daisley 1973;
Wedemeyer and Yasutake 1977). This method is based on the differential sedimentation rate of various blood
components. Blood samples were introduced into capillary tubes and centrifuged in a microhematocrit centrifuge
for 10 min. Then, the packed cell volume was read off as a percentage. Finally, changes in hemoglobin
concentration following melatonin exposure were determined using a diagnostic kit based on the cyanhemoglobin
method (Vankampen and Ziglstra 1961). In this method, 20 ul of each blood sample was mixed with 5 mL of
Drabkin’s solution in a test tube and incubated at room temperature for 15 min. The optical absorbance of the
sample reaction, blank, and a cyanhaemoglobin solution was then determined at 540 nm using a
spectrophotometer. The total haemoglobin concentration was estimated by comparing the absorbance of the
sample to that of the standard.

2.5 Determination of changes in plasma lipid levels

Blood samples were transferred to an ethylenediaminetetraacetic acid sample collection vial, and blood plasma
was extracted by centrifugation at 3500 rpm and 4°C for 15 min. The lipid profile indices were quantified using
commercial diagnostic kits from Randox in Germany, following established procedures: total cholesterol
(Roeschlau et al., 1974). This method is based on the enzymatic quantification of both free and esterified
cholesterol in tissue samples, which is first achieved by the enzyme cholesterol esterase, which hydrolyzes
cholesterol esters into cholesterol. Next, cholesterol is oxidized by cholesterol oxidase to cholest-4-en-3-one and
hydrogen peroxide. Briefly, 50 pl of diluted cholesterol standard or plasma sample was added into separate wells
of a microplate reader. Next, 50 ul of a cholesterol Reaction Reagent was added to each microplate well,
thoroughly mixed, covered to protect from light, and finally incubated at 37°C for 45 min. Then, the optical
absorbance of the standards or samples was read at 540 nm using a microplate reader. The total cholesterol in
each sample was calculated by comparing the samples’ absorbance to a cholesterol standard.

Total plasma HDL-c was determined using a diagnostic Kit based on the method described by Alberts et al.
(1978). This method is based on solubilizing HDL with a detergent to allow HDL-c to react with cholesterol
esterase, cholesterol oxidase, and a chromogen to produce a colored product. To do this, 300 pl of RI reagent was
added to separate microplate wells containing 3 pl each of a standard and sample, while 3 ul of distilled water
was added to a well that served as a blank. The contents of each well were thoroughly mixed, and the microplate
was incubated at 37°C for 5 min. The optical absorbance of each reaction was read at 570 nm. The total HDL-c
in each sample was estimated by comparing its optical absorbance to those of standards with known
concentrations.

Furthermore, changes in plasma triglyceride concentration following melatonin exposure were determined using
a diagnostic kit according to Tietz (1976). The principle involves the hydrolysis of triglyceride bonds by lipase,
producing glycerol. Next, glycerol is phosphorylated and oxidized to produce hydrogen peroxide, which reacts
with a colorimetric probe. To do this, 10 pl of diluted triglyceride standards or samples were added to separate
wells of a microplate. Next, 90 pl of the Reaction Mix was added to the above wells, thoroughly mixed, shielded
from light, and incubated at room temperature for 30 min on an orbital shaker. Thereafter, the optical absorbance
of the resulting reaction was read at 570 nm, and the total TG concentration was calculated by comparing the
optical absorbance of the sample to that of standards with known concentrations.

Finally, plasma low-density lipoprotein cholesterol was calculated using the following formula:

LDL=Total cholesterol-HDL/5-TAG
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HDL
LDL = Total cholesterol — T —TAG

2.6 Statistical analysis of the data

Following the conclusion of juvenile catfish exposure and withdrawal from melatonin, the effects of exposure
duration and melatonin concentration on changes in hematological and serum lipid profile indices of juvenile
catfish were first separately analyzed using a one-way analysis of variance (ANOVA). The Duncan Multiple
Range Test was then used to identify differences in mean values across different days and groups. Next, a two-
way analysis of variance (ANOVA) was conducted to test the overall effect of time, dosage, and their interaction
on the hematological and lipid profile parameters. All statistical comparisons were considered significant at p <
0.05, and the results are presented as mean xstandard error of the mean (SEM). All statistical analyses were
performed using the Statistical Package for the Social Sciences software for Windows (SPSS, version 20.0 for
Windows, IBM Statistics, USA).

3.0 RESULTS

3.1 Effects of melatonin on changes in red blood cell counts

Exposure of juvenile catfish to 0, 10, and 30 mg/L of melatonin resulted in concentration-dependent reductions
in red blood cell counts (RBCs) on days 7 and 14 compared with values on day O (Figure 1A). This trend
continued seven days after melatonin withdrawal (day 21). Interestingly, RBC values showed a tendency to
increase, but the rise did not reach significant levels compared with the control group (day 21, Figure 1A).
Similarly, there was a time-dependent decrease in the RBC values of juvenile fish in the 10 and 30 mg/L groups
on days 7 and 14 compared with the day O values (Figure 1B). A two-way analysis of variance indicated
significant effects of time (p = 3.13 x 10-13), dosage (p = 2.37 x 10-15), and the interaction between exposure
duration and melatonin concentration (p = 1.25 x 10-10).

3.2 Effects of melatonin on the changes in the packed cell volume

The effects of juvenile fish exposure to the test melatonin were evident in the significant concentration-dependent
reduction in packed cell volume (PCV) on days 7 and 14 compared with that on day O (Figure 2A). However,
after a 7-day withdrawal period, PCV values were restored to non-significant levels in the 10 and 30 mg/L groups
compared with the control (Figure 2A). Across different groups, a similar tendency toward a reduction in PCV
values was observed from day 7 to day 21; this is contrary to the gradual elevations in PCV values seen in the
control group from day 7 to day 21 (Figure 2B). The two-way ANOVA showed statistically significant effects of
exposure duration (p = 2.47 x 10-8), melatonin concentration (p = 2.08 x 10-9), and the interaction between
exposure duration and melatonin concentration (p = 1.05 x 10-6).

3.3 Effects of melatonin on hemoglobin concentration changes

Exposing juvenile fish to different concentrations of melatonin for 14 days resulted in concentration-dependent
reductions in hemoglobin (Hb) levels in fish exposed to 10 and 30 mg/L on days 7 and 14 compared with the 0
mg/L group (Figure 3A). After 7 days of melatonin withdrawal, Hb values tended to restore toward day O levels,
but the changes remained significant. However, no changes in Hb concentrations were observed on day 0 (Figure
3A). The impact of exposure duration on the Hb of fish was evident in a decline in Hb values in the 10 and 30
mg/L groups on days 7 and 14 compared with that on day 0. In contrast, Hb values appeared to increase in the
control fish from day 7 to day 21 (Figure 3B). The two-way analysis of variance indicated significant effects of
exposure duration (p = 9.10 x 10-9), melatonin concentration (p = 2.61 x 10-7), and an interaction between
concentration and exposure duration (p = 4.12 x 10-6) on Hb levels.
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3.4 Effects of melatonin on WBC counts
Compared with changes in control fish, significant concentration-dependent elevations were observed in the total
white blood cell (WBC) counts of fish exposed to 10 and 30 mg/L of melatonin on days 7 and 14 (Figure 4A).
However, following a 7-day withdrawal period, WBC counts reversed to non-significant levels in the melatonin-
exposed groups compared with the control values (Figure 4A). Similarly, significant duration-dependent
elevations in the WBC values occurred in the melatonin-exposed fish on days 7 and 14 compared with day 0
counts (Figure 4B). However, the WBC count on day 21 was not significant compared with the day 0 values
(Figure 4B). In contrast, the control juveniles did not experience significant changes in WBC counts for the entire
duration of the experiment. Further investigation using a two-way analysis of variance showed significant effects
of exposure duration (p = 0.007) and melatonin concentration (p = 8.93 x 10-5), and an interaction between
exposure duration and melatonin concentration (p = 0.027).
3.5 Effects of melatonin on juvenile catfish plasma lipid indices
Unlike the profound changes in most hematological indices analyzed in this study, the in vivo exposure of juvenile
catfish to 10- and 30 mg/L of melatonin did not cause any significant changes in total cholesterol (CHOL),
triglyceride (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) cholesterol levels (Tables
1-4). However, there was a significant increase in the HDL values over time in fish exposed to 30 mg/L of
melatonin on day 21 compared to day 0 (Table 3). Additionally, there was a concentration-dependent increase in
LDL levels in fish exposed to 30 mg/L of melatonin on day 21 compared with the control group (Table 4).
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Figure 1: Changes in the red blood cells of juvenile melatonin-exposed catfish. All plotted data represent mean
+ standard error of the mean (SEM). Top right: Exposure duration. Similar patterned bars with different numbers
on top across groups are significantly different (p < 0.05), whereas different patterned bars with different letters
within a group are significantly different (p < 0.05).
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Figure 2: Changes in the packed cell volume of juvenile melatonin-exposed catfish. Top right: Exposure
duration. Similar patterned bars with different numbers on top across groups are significantly different (p < 0.05),
whereas different patterned bars with different letters within a group are significantly different (p < 0.05).
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Figure 3: Changes in hemoglobin concentration of juvenile melatonin-exposed catfish. Top right: Exposure
duration. Similar patterned bars with different numbers on top across groups are significantly different (p <0.05),

whereas different patterned bars with different letters within a group are significantly different (p < 0.05).
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Figure 4: White blood cell count changes in juvenile catfish exposed to melatonin. Top right: Exposure duration.
Similar patterned bars with different numbers on top across groups are significantly different (p < 0.05), whereas
different patterned bars with different letters within a group are significantly different (p < 0.05).

Table 1: Changes in plasma total cholesterol concentration in juvenile catfish exposed to melatonin.

Concentration
melatonin (mg/L) day 0

of Total cholesterol concentration (mg/dL)
day 7 day 14

day 21

0 93.33 + 1.76* 94.00 £2.082!  90.33 +£3.9321  94.00 +4.16!
10 86.33 +2.08%! 91.33+2.912!  87.67+1.86* 88.00+1.15!
30 93.33 +2.40* 9433 £220*"  96.33+0.67*' 89.00+3.61%!

Values are expressed as mean + standard error of the mean. Mean values with different letters in a row are
significant (p < 0.05), whereas mean values with different numbers in a column are significant (p < 0.05). These
statistical criteria hold for the data in Tables 3 and 4.

Table 2: Effects of melatonin on the plasma TG concentration of juvenile catfish.
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Concentration  of TG concentration (mg/dL)

melatonin (mg/L)  day 0 day 7 day 14 day 21

0 107.33 £4.37*1  110.67 £ 4.37%" 116.33 + 5.36 111.33 +2.91°!
10 111.67 £2.0331  108.67 +1.76*"  114.00 + 2.52%! 111.67 + 1.86%
30 113.00 £2.3181  112.67 £3.38*!  110.33 +3.38%! 115.33 + 4.70!

Table 3: Plasma high-density lipoprotein cholesterol (HDL-c) concentrations in juvenile catfish exposed to
melatonin

Concentration of HDL-c (mg/dL)

melatonin (mg/L) day 0 day 7 day 14 day 21

0 64.00 + 1.1581  61.33+0.88*" 6433 +4.108" 7633 + 1.67°
10 64.33£2.33*"  64.00+1.15%"  65.00+4.51*"  70.67 + 4.26%!
30 63.00 +0.58*"  62.00+£0.58*"  70.33+0.88°!  72.00+ 1.15

Table 4: Impact of melatonin exposure on plasma low-density lipoprotein cholesterol (LDL-c) concentration in
juvenile catfish.

Concentration of LDL (mg/dL)

melatonin (mg/L) day 0 day 7 day 14 day 21

0 16.00 + 3.06%! 17.00 £1.53%! 23.00 £2.08%! 18.33 +1.20%!
10 19.33 +0.88%! 20.67£1.76*  22.00 £ 0.58%! 18.00 + 1.73%
30 20.00 £ 2.31%! 20.33+£0.88*  21.00 = 1.53%! 23.67 £ 0.88*

4.0 DISCUSSION

As an extension of our earlier investigation (Asogwa et al., 2025), we examined the effects of in vitro melatonin
exposure on the hematological and lipid indices of juvenile catfish for 14 days, followed by a 7-day withdrawal
period. The results show that while there was no appreciable impact of melatonin on lipid profile indices, the
tested melatonin concentrations reduced the red blood cell counts, packed cell volume, and hemoglobin
concentrations. The reduction in red blood cell counts persisted for 7 days after melatonin removal. On the other
hand, a pronounced elevation in the white blood cell counts was observed during the exposure period, a trend that
returned to non-significant levels after melatonin removal.

Routine analysis of changes in hematological indices provides relevant information about the number, size, stage
of maturity, and distribution of different cell types, enhancing the assessment of normal growth and development
and the diagnosis of anemia, bleeding, cancer, dehydration, inflammation, and substance-induced organ damage
(Stalling and Haine, 1982; Hao et al., 2017; L6pez-Verdugo et al., 2020; Ghayyur et al., 2021). A direct
examination of the impact of exogenous melatonin on fish hematology is largely lacking. Adah et al. (2023)
conducted the closest study on the effects of exogenous melatonin on hematological indices of African catfish.
They compared various hematological indices in two groups of adult catfish: one that received 2 mg/L of
melatonin supplemented in feed and another that received no melatonin for one month. After melatonin
supplementation, these fish were fasted overnight and transported for 100 km in 3 h, after which various
hematological indices were compared pre- and post-transportation. They reported significantly higher post-
transport red and white blood cell counts, packed cell volume, and hemoglobin concentration. Although they did
not explicitly state whether hematological indices were compared between the two groups before transport, the
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reported values suggested that melatonin supplementation for 1 month resulted in higher red and white blood cell
counts, packed cell volume, and hemoglobin concentration, indicating a positive hematopoietic potential for
melatonin in adult catfish. In contrast, our present results show that in vitro melatonin administration in juvenile
catfish for 14 days persistently reduced RBC, PCV, and HB levels even after melatonin removal. These
discrepancies could be due to differences in the age of the fish and the route of melatonin administration: since
Adah et al. (2023) supplemented 2 mg/L of melatonin in the diet of adult catfish, whereas the present study
adopted an in vitro assay in which 10 and 30 mg/L of melatonin was dissolved daily in aquarium water containing
juvenile catfish for 14 days. Consequently, exposing juvenile catfish to the higher melatonin concentration used
in our study could have created a toxic environment for young fish, leading to persistent negative hematopoietic
responses. Similar to Adah et al. (2023), however, we found a significant elevation in the total white blood cell
counts of juvenile catfish, which was restored to non-significant levels following melatonin withdrawal,
suggesting that exogenous melatonin could have an immune system-boosting effect in young catfish. Contrary to
our findings, Samal et al. (2025) reported that melatonin supplementation (up to 100 mg/100 g of feed) resulted
in elevated RBC, PCV, and Hb levels in ornamental fish (Devario aequipinnatus). However, melatonin exposure
caused significant leukocytosis. Apart from differences in the model species, brand, and melatonin concentration
used, whether Samal et al. used juveniles or adults for their investigation remains unclear. A previous study found
that RBC counts were higher in rainbow trout (Oncorhynchus mykiss) during winter when reductions in day
length parallel prolonged melatonin secretion and an increase in oxygen solubility (Morgan et al., 2008). Their
study indicated that the higher oxygen solubility in colder waters could explain the higher red blood cell
concentration in the test fish. In contrast, there seems to be a consensus that white blood cell counts in salmonids
and the tench, Tinca tinca, are higher in winter than in summer (Slater and Shreck 1998; Collazos et al., 1998;
De Pedro et al., 2005). Our current findings that exogenous melatonin depressed RBC variables while elevating
WBC counts mirror previous investigations in rainbow trout, salmonids, and the tench, suggesting that exposing
juvenile catfish to the test melatonin in the current study modulated the actions of endogenously produced
melatonin in a manner akin to recorded seasonal dynamics. However, changes in oxygen solubility following
melatonin exposure were not measured in the current study; therefore, future investigations should ascertain a
potential causal relationship between exogenous melatonin and oxygen solubility. In other studies, feed
supplementation with 40 mg/kg of melatonin suppressed growth performance indices in the farmed gilthead sea
bream Sparus aurata L. (Lv et al., 2024), whereas higher supplementation levels (50 and 200 mg/kg) had no
significant impact on the growth performance of juvenile Nile tilapia (Oreochromis niloticus) while reducing
plasma glucose levels, total protein, and aspartate aminotransferase activities (Veisi et al., 2021). However, unlike
our current study, previous investigations on the impact of melatonin on the growth performance of various fish
species did not examine changes in Hls. As a result, we do not know to what extent the melatonin concentrations
used in those studies affected the hematological variables of fish. The impacts of melatonin exposure appear to
depend on factors such as brand, concentration used, exposure time, test model and stage of development, and
the mode of melatonin exposure. These concerns should be addressed.

In rodent models, diet supplementation with 50 mg/kg of melatonin reversed aluminum chloride-induced
reduction in white blood cell count, red blood cell count, packed cell volume, and hemoglobin concentration
(Almarzany 2020). Other studies have suggested that melatonin has anti-inflammatory/protective roles (Koc et
al., 2002; Ozmerdivenli et al., 2011; El-Sayed et al., 2019; Hajam et al., 2020). However, El-Sayed et al. (2019)
reported that oral administration of 10 mg/kg melatonin reduced lithium chloride-induced leukocytosis in adult
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male albino rats. In chicken (Hubbard strain), diet supplementation with 20, 30, and 40 mg/kg caused a significant
elevation in RBC count, PCV, Hb concentration, total white blood cell counts, and lymphocyte percentage
(Essawy et al., 2011), further supporting the idea of a protective role for melatonin. Although the reduction in
RBC, PCV, and Hb observed in our study seems not to agree with the hematoprotective hypothesis for melatonin,
the pronounced leukocytosis recorded could be a beneficial anti-inflammatory response. In addition, this study
revealed strong interactive effects of melatonin concentration and exposure duration, suggesting that the
concentration of melatonin to which fish were exposed and the exposure duration contributed to the profound
hematological changes observed in juvenile fish. The obvious discrepancies between our findings and previous
studies could be due to the experimental design, test model, age of the test model, route/mode of administration,
or the brand of melatonin used. For instance, most previous studies evaluated the impact of melatonin in the
presence of substance-induced organ or hematological damage, whereas others had melatonin compounded in
diets or injected intraperitoneally. In contrast, our study investigated the impact of melatonin on juvenile catfish
in a static renewal bioassay system where the test substance was introduced afresh daily. Although we do not
have sufficient evidence to suggest that the observed changes in hematological indices were due to inherent
toxicity of the tested melatonin, there have been increasing cases of melatonin-associated poisoning reported to
the US Food and Drug Administration (FDA) (Lelak et al., 2022). In addition, it was recently revealed that the
actual amount of melatonin present in commercially available melatonin ranged from 74% to 347% (Cohen et
al., 2023). This could result in unintended toxicity due to overdose or contamination with undeclared substances.
Unlike the profound changes in hematological indices, we found no significant alterations in any of the examined
plasma lipid indices examined. Previous studies have reported that melatonin has hypolipidaemic potential in
various models (Aoyama et al., 1988; Mori et al., 1989; Chan et al., 1995; Barquilla et al., 2014; Mohammadi-
Sartang et al., 2018; Loloei et al., 2019). Specifically, Mori et al. (1989) found that a daily intraperitoneal injection
of 4 mg of melatonin had no significant effects on various lipid indices in rats fed a normal diet, but the same
procedure prevented diet-induced hyperlipidemia. It is possible that acting alone, exogenous melatonin is not
sufficient to elicit profound changes in cholesterol regulatory pathways in healthy subjects, but melatonin
application is essential to trigger a restorative response in the presence of substance-induced hyperlipidemia. In
line with this idea, Chan et al. (1995) reported that the protective functions of 12.5 mg/kg melatonin became
evident upon the induction of hypercholesterolemia in rats. Although melatonin was administered in vitro in the
present study, the observed effects on plasma lipid indices could not be attributed to the route of administration.
However, we recommend that longer exposure periods be tested.

Acknowledgements

We would like to thank the Chair, Department of Zoology and Environmental Biology, University of Nigeria,
Nsukka, for providing us with a conducive space in the Zoological Garden to set up the aquaria used in this study.
Conflict of interest

We have no conflicts of interest to declare.

Ethical statement

Permission to conduct the experiments was obtained from the Faculty of Biological Sciences Ethics Committee
on Animal Experiments. This committee ensures strict compliance with the regulations for animal welfare in
Nigeria, which guarantees the humane treatment and management of experimental animals.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

92 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

REFERENCES

Acharyya, A., Das, J. and Hasan, K. N. (2021). Melatonin as a multipotent component of fish feed: Basic
information for its potential application in aquaculture. Frontiers in Marine Sciences, 8: 734066.
https://doi.org/10.3389/fmars.2021.734066.

Adah, A. S., Adah, D. A., Nwonuma, C. O., Oyekunle, T. and Olaosebik, B. (2023). Melatonin modulates
hematological and water quality parameters following a 100-km road transportation of C. gariepinus.
Iranian Journal of Veterinary Medicine, 17(13): 199-208. http://.doi.org/10.32598/ijym.17.3.1005310.

Alberts, J. J., Warnick, G. R. and Chenng, M. C. (1978). Quantification of high-density lipoproteins (HDLS)
Lipids, 13(12): 926-932. https://doi.org/10.1007/BF02533852.

Almarzany, Z. S. K. (2020). Protective roles of melatonin on hematological parameters and thyroid hormone
levels in rats treated with aluminum chloride. ZANCO Journal of Pure and Applied Sciences, 32(6):
76-86. https//:doi.org/10.21271/ZJPAS.32.6.

Amri, A., Kessabi, K., Bouraoui, Z., Sakli, S., Gharred, T., Guerbej, H., Messaoudi, I. and Jebali, J. (2020). Effect
of melatonin and folic acid supplementation on the growth performance, antioxidant status, and liver
histology of gilthead sea bream (Sparus aurata L.) reared under standard conditions Fish Physiology
and Biochemistry, 46: 2265-2280. https://doi.org/10.1007/s10695-020-00879-5.

Aoyama, H., Mori, N. and Mori, W. (1988). Effects of melatonin on GH in rats. Atherosclerosis, 69: 269-212.
https://doi.org/10.1016/0021-9150 (88)90023-8.

Asogwa, C. N., Idoko, H. T., Ugwu, I. C., Osibe, D. A., Ezema, C. A. and Aguzie, I. O. (2025). Effects of
melatonin on oxidative stress biomarkers in juvenile Clarias gariepinus catfish. Marine and Freshwater
Behavior and Physiology, 1-15. https://doi.org/10.1080/10236244.2025.2554413.

Barquilla, P. C., Pagano, E. S., Jimenez-Ortega, V., Fernandez-Mateos, P., Esquifino, A. I. and Cardinali, D. P.
(2014). Melatonin normalizes the clinical and biochemical parameters of mild inflammation in rats
with  diet-induced metabolic syndrome. Journal of Pineal Research, 57:280-290.
https://doi.org/10.1111/jpi.12168.

Bernard, M., Klein, D. C. and Zatz, M. (1997). The chick pineal clock regulates serotonin N-acetyltransferase
MRNA rhythm in culture. Proceedings of the National Academy of Sciences USA, 94: 304-309.
https://doi.org/10.1073/pnas.94.1.304.

Besseau, L., Benyassi, A., Moller, M., Coon, S. L., Weller, J. L. and Beeuf, G. (2006). Melatonin pathway:
breaking the “high-at-night” rule in the retina of trout. Experimental Eye Research, 82: 620-627.
https://doi.org/10.1016/j.exer.2005.08.025

Blaxhal, P. C. and Daisley, K. W. (1973). Routine hematological methods for use with fish blood samples. Journal
of Fish Biology, 5: 771-781. https://doi.org/10.1111/].1095-8649.1973.tb04510.x.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

93 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

Bodiguel, C., Grébova, D. and Maguire, J-J. (2009). Factors of unsustainability and overexploitation in marine
fisheries: views from the southern Mediterranean, West Africa, Southeast Asia, and the Caribbean.
FAOQO Fish. Aquac. Circular No. 1037.

Boyd, C. E., McNevin, A. A. and Davis, R. P. (2022). Contribution of fisheries and aquaculture to global protein
supply. Food Security, 14: 805-827. https://doi.org/10.1007/s12571-021-01246-9

Cahil, G. M. (1996). Circadian regulation of melatonin production in pineal and retinal zebrafish. Brain Research,
708: 177-181. https://doi.org/10.1016/0006-8993 (95)01365-2.

Casper, E. A., El Wakeel, L., Sabri, N. A., Khorshid, R., Gamal, M. A. and Fahmy, S. F. (2024). Melatonin
improves inflammation and improves ischemia/reperfusion injury outcomes in patients undergoing
coronary artery bypass grafting surgery: a randomized placebo-controlled study. Apoptosis, 30(1-2):
267-281. https://doi.org/10.1007/s10495-024-02040-6

Chan, T. Y., and Tang, P. L. (1995). Effect of melatonin on cholesterol homeostasis maintenance in rats.
Endocrine Research, 21(3): 681-696. https://doi.org/10.1080/07435809509030483.

Chen, S-C., Huang, C. C. and Chiang, H. C. (2010). Factors affecting the participation of the aquaculture industry
in university-industry co-operation. World Transactions in Engineering, Technology and Education,
8(4): 510-516.

Cho, J. H., Bhutani, S., Kim, C. H. and Irwin, M. R. (2021). Anti-inflammatory effects of melatonin: a systematic
review and meta-analysis of clinical trials. Brain, Behavior and Immunity, 93: 245-253.
https://doi.org/10.1016/j.bbi.2021.01.034.

Cohen, P. A., Avula, B., Wang, Y.-H., Katragunta, K. and Khan, 1. (2023). Quantity of melatonin and CBD in
melatonin gummies sold in the United States of America. Journal of the American Medical
Association, 329(16): 1401-1402. https://doi.org/10.1001/jama.2023.2296.

Collazos, M. E., Ortega, E., Barriga, C. and Rodriguez, A. B. (1998). Seasonal variation in the hematological
parameters of male and female Tinca tinca. Molecular and Cellular Biochemistry, 183: 165-168.
https://doi/10.1023/a:1006878922332.

Costello, C., Cao, L., Gelcich, S., Cismeros-Mata, M. A., Free, C. M., Froehlich, H. E., Golden, C. D. and
Ishimura, S. (2020). The future of food from the sea. Nature, 588: 95-100. DOI: 10.1038/541586-020-
2616-y.

Confente, F., Rendon, M. C., Besseau, L., Falcon, J. and Mufioz-Cueto, J. A. (2010). Melatonin receptors in a
pleuronectiform species, Solea senegalensis: Cloning, tissue expression, day-night, and seasonal
variations General and Comparative Endocrinology, 167: 202-214.
https://doi.org/10.1016/j.ygcen.2010.03.006.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

94 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)
Dacie, J. V. and Lewis, S. N. (1991). Practical Hematology. Churchill, Edinburg, London.

De Pedro, N., Guijarro, A. 1., Lopez-Patifio, M. A., Martinez-Alvarez, R. and Delgado, M. J. (2005). Daily and
seasonal variations in the hematological and blood biochemical parameters of the tench, Tinca tinca
Linnaeus, 1758. Aquaculture Research, 36: 1185-1196. https://doi.org/10.1111/j.1365-
2109.2005.01338.x.

Deng, S. L., Zhang, B. L., Reiter, R. J. and Liu, Y. X. (2020). Melatonin improves inflammation and oxidative
stress by suppressing the p38MAPK signaling pathway in LPS-induced sheep orchitis. Antioxidant, 9:
1277. https//:doi.org/10.3390/antiox9121277.

El-Sayed, M. F., Abd El-ghaffar, S. K., Awaad, A. and Mahmoud, M. M. (2019). Protective effects of melatonin
and thymogquinone on hematological parameters and hepatic and renal activities against lithium-
chloride toxicity in male Albino rats. Journal of Pharmaceutical and Applied Chemistry, 5(1): 31-37.
https://doi.org/10.18576/jpac/050104.

Essawy, G. S., Salem, H. A. and Abd el-daim, M. A. (2011). Effect of melatonin on hematological parameters
and immune status of broiler chicks. Journal of Agricultural Sciences, 3(2): 243-254.
https://doi/10.5539/jas.v3n2p243.

Food and Agriculture Organization (1983). Yield and nutritional value of commercially important fish species
Part 1, Introduction and Tables (http:// www. fao.org/3/ TO219E/ T0219 EOL. htm).

Gern, W. A. and Greenhouse, S. S. S. (1988). Examination of in vitro melatonin secretion from the pineal organs
of superfused trout (Salmo gairdneri) maintained under diel illumination or continuous darkness.
General and Comparative Endocrinology, 71: 163-174. https://doi/10.1016/0016-6480(88)90307-3.

Ghayyur, S., Khan, M. F., Tabassum, S., Ahmad, M. S., Sajid, M., Badshah, K., Saira, K., Ghayyur, S., Khan, N.
A., Ahmad, B. and Qamer, S. (2021). A comparative study on the effects of selected pesticides on the
hemato-biochemistry and tissue histology of the freshwater fish Cirrhinus mrigala (Hamilton, 1822).
Saudi Journal of Biological Sciences, 28: 603-611. https://doi.org/10.1016/j.sjbs.2020.10.049.

Grivas, T. B. and Savvidou, O. D. (2007). Melatonin the "light of night" in human biology and adolescent
idiopathic scoliosis. Scoliosis, 2: 6. https//:doi.org/10.1186/1748-7161-2-6.

Hajam, Y. A., Rai, S., Ghosh, H. and Basheer, M. (2020). Combined administration of exogenous melatonin and
insulin reduces streptozotocin-induced toxic alteration on hematological parameters in male diabetic
Wistar rats. Toxicology Reports, 7: 353-359. https://doi/10.1016/j.toxrep.2020.01.020.

Hao, X., Li, D., Wu, D. and Zhang, N. (2017). Relationship between hematological indices and autoimmune
rheumatic diseases: A meta-analysis. Scientific Reports, 7: 10833. https://doi.org/10.1038/s41598-017-
11398-4.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

95 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

Kennaway, D. J. (2020). Measurement of melatonin by immunoassay. Journal of Pineal Research, 69:be12657.
https://doi.org/10.1111/jpi.12657.

Koc, M., Buyukokuroglu, M. E. and Taysi, S. (2002). Effect of melatonin on peripheral blood cells during total
body irradiation. Biological and Pharmaceutical Bulletin, 25(5): 656-657.
https://doi.org/10.1248/bpb.25.656.

Kole, K., Islam, M. D. R., Mrong, C. E., Neepa, N. N., Sultana, N., Haque, M. D. R., Salam, S. and Mostakim,
G. M. (2022). Toxicological effect of sumithion pesticide on hematological parameters and recovery
pattern using probiotics in Barbonymus gonionotus. Toxicological Reports, 9: 230-237. https://doi.org/
10.1016/j.toxrep.2022.02.004.

Korkmaz, G. G., ze Uzun, H., Cakatay, U. and Aydin, S. (2012). Melatonin improves oxidative damage in
hyperglycemia-induced liver injury. Clinical and Investigative Medicine, 35(6): E370-E377.
https://doi.org/10.25011/cim.v35i6.19209.

Kumar, G., Engle, C. and Tucker, C. (2018). Factors driving aquaculture technology adoption. Journal of World
Aquaculture Society, 49(3): 447-476. https://doi.org/10.1111/jwas.12514.

Lelak, K., Vohra, V., Neuman, M. I., Toce, M. S. andd Sethuraman, U. (2022). Pediatric melatonin ingestions in
the United  States, 2012-2021. CDC  Weekly  Reports, 71(22): 725-729.
https//:doi.org/10.15585/mmwr.mm7122al.

Loloei, S., Sepidarkish, M., Heydarian, A., Tahvilian, N., Khazdouz, M., Heshmati, J. and Pouraram, H. (2019).
Effect of melatonin supplementation on lipid profile and anthropometric indices: A systematic review
and meta-analysis of clinical trials Diabetes and metabolic syndrome. Clinical Research Reviews, 13:
1901-1910. https://doi.org/10.1016/j.dsx.2019.04.043.

Lopez-Verdugo F, Furuzawa-Carballeda J, Romero-Hernandez F, Coss-Adame E, Valdovinos MA, Priego-
Ranero A, Olvera-Prado H, Narvéez-Chavez S, Peralta-Figueroa J, Torres-Villalobos G. 2020.
Hematological indices as indicators of silent inflammation in patients with achalasia: A cross-sectional
study. Medicine, 99: 9. https://doi.org/10.1097/MD.0000000000019326

Lv, W., Li, M., Mao, Y., Huang, W., Yuan, W., Li, M., Zhou, Q., Yang, H. and Zhou, W. (2024). Effects of
dietary melatonin supplementation on the growth performance and intestinal health of rice field eel
(Monopterus albus). Comparative Biochemistry and Physiology Part D: Genomics and Proteomics,
52:101273. https://doi.org/10.1016/j.cbd.2024.101273.

Mandera, M., Bazowski, P., Wencel, T. and Dec, R. (1999). Melatonin secretion in patients with pineal region
tumors —preliminary report. Neuroendocrinology Letters, 20: 167-170.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

% https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

Mohammadi-Sartang, M., Ghorbani, M. and Mazloom, Z. (2018). Effects of melatonin supplementation on blood
lipid concentrations: A systematic review and meta-analysis of randomized controlled trials. Clinical
Nutrition, 37: 1943 - 1954. https://doi.org/10.1016/j.cInu.2017.11.003.

Morgan, A. L., Thompson, K. D., Auchinachie, N. A. and Migaud, H. (2008). Effect of seasonality on normal
hematological and innate immune parameters of rainbow trout (O. mykiss L.). Fish and Shellfish
Immunology, 25: 791-799. https://doi.org/0.1016/j.fsi.2008.05.011.

Mori, N., Aoyama, H., Murase, T. and Mori, W. (1989). Anti-hypercholesterolemic effect of melatonin in rats.
Acta Pathologica Japonica, 39: 613-618. https//:doi.org/10.1111/j.1440-1827.1989.tb02407 .X.

Mosha, S. S. (2018). Recent comparative studies on the performance and survival rate of African catfish (Clarias
gariepinus) larvae produced under natural and synthetic hormones: a review Journal of Aquaculture
Research and Development, 9(3): 2-6. https://doi.org/10.4172/2155-9546.1000528.

Moyo, N. A. G. and Rapatsa, M. M. (2021). A review of the factors affecting tilapia aquaculture production in
Southern Africa. Aquaculture, 535: 736386. https://doi.org/10.1016/j.aquaculture.2021.736386.

Mustafa, S.A. and Al-Faragi, K. K. (2020). Supplementation of aquaculture feed additives: a review. International
Journal of Pharmaceutical Research, 13(1): 561-567.

Ozmerdivenli, R., Karacabey, K., Gundogdu, C. and Sevindi, T. (2011). Protective role of melatonin in blood
parameters following irradiation in rats. African Journal of Biotechnology, 10(80): 18564-18568.
https://doi.org/10.5897/AJB11.1638.

Qian, J., Morris, C. J., Phillips, A. J. K., Li, P.,, Rahman, S. A., Wang, W., Hu, K., Arendt, J., Czeisler, C. A. and
Scheer, F. A. J. L. (2022). Unanticipated daytime melatonin secretion on a simulated night shift
schedule generates a distinctive 24-h melatonin rhythm with antiphasic daytime and nighttime peaks.
Journal of Pineal Research, 72: e12791. https://doi.org/10.1111/jpi.12791.

Roeschlau, P., Bernt, E. and Gruber, W. (1974). Enzymatic determination of serum total cholesterol. Zeitschrift
fur klinische Chemie und klinische Biochemie, 12(5): 226.

Samal, K., Biswas, P., Singh, S. K. and Das, P. (2025). Dietary melatonin boosts ornamental fish giant Danio
(Devario aequipinnatus) reproduction and growth performance: A transformative approach for
scrapping wild-caught fish. Aquaculture Nutrition, 2025: 1-15.

Singh, A., Vidakovic, A., Hjertner, B., Krikigianni, E., Karnaouri, A., Christakopoulos, P., Rova, U., Dicksved,
J., Baruah, K. and Lundh, T. (2024). Effects of dietary supplementation of lignocellulose-derived cello-
oligosaccharides on rainbow trout (Oncorhynchus mykiss) growth performance, antioxidant capacity,
immune response, and intestinal microbiota. Aquaculture, 578: 740002.
https://doi.org/10.1016/j.aquaculture.2023.740002.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

37 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

Slater, C. H. and Schreck, C. B. (1998). Season and physiological parameters modulate the affinity and abundance
of salmonid leucocyte androgen receptors. Fish and Shellfish Immunology, 8: 379-391.
https://doi.org/10.1006/fsim.1998.0150.

Sonmez, S., Menevse, E., Baltaci, S. B., Uma, O., Mogulkoc, R. and Baltaci, A. K. (2023). Effects of
pinealectomy and melatonin application on serum melatonin, nesfatin-1, and ghrelin levels. European
Journal of Therapeutics, 29(3): 526-533. https://doi.org/10.58600/eurjther1747.

Stalling, D. T. and Haine, H. (1982). Effect of dehydration on water-turnover rates and hematocrit in the rice rat,
Oryzomys palustris. Comparative Biochemistry and Physiology, 72(2): 301-306.

Tietz, N. W. (1976). Fundamental of Clinical Chemistry. Philadelphia: W. B. Saunders, P 243.

Vankampen, E. J. and Ziglstra, W. G. (1961). Colorimetric determination of hemoglobin, Clinical Chemistry
Acta, 6: 538.

Veisi, S., Sarkheil, M., Johari, S. A. and Safari, O. (2021). Dietary supplementation with melatonin: influence on
growth performance, oxidative stress status, and silver nanoparticle-induced toxicity in Nile tilapia
(Oreochromis  niloticus).  Tropical ~Animal  Health and  Production, 53: 314,
https://doi.org/10.1007/s11250-021-02760-w.

Vijayaram, S., Ringg, E., Zuorro, A., van Doan, H. and Sun, Y. (2024). Beneficial roles of nutrients as
immunostimulants in aquaculture: A review. Aquaculture and Fisheries, 9: 707-720.
https://doi.org/10.1016/j.aaf.2023.02.001.

Vuilleumier, R., Boeuf, G., Fuentes, M., Gehring, W. J. and Falcén, J. (2007). Cloning and early expression of
two melatonin biosynthesis enzymes in the turbot (Scophthalmus maximus). European Journal of
Neuroscience, 25: 3047-3057. https://doi.org/10.1111/j.1460-9568.2007.05578.X.

Wedemeyer, C. A. and Yasutake, W. T. (1977). Clinical methods for assessing the effects of environmental stress
on fish health. In: United States Technical Papers and United States Fish Wildlife Services, 89:1-18.

Yassien, S. S., Abd El-Rahim, S. A., Osman, M. F., Hamouda, R. E., Soliman, M. A. M. and Nageib, R. M.
(2022). Factors affecting the profitability of aquaculture farms and constraints facing fish farmers in
Egypt. Egyptian Journal of Aquatic Biology and Fisheries, 26(2): 519-527.

Ye, Y. and Gutierrez, N. L. (2017). Ending fishery overexploitation by expanding from local successes to global
solutions. Nature Ecology and Evolution, 1(1): 1-5.

Ye Y, Li S, Zhu B, Yang Y, Du X, Li, Y. and Zhao, Y. (2024). Effects of dietary melatonin on growth
performance, nutrient composition, and lipid metabolism in Pacific white shrimp (Penaeus vannamei).
Aquaculture, 578: 740095.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

%8 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



Ugwu, I. C., Chukwuebuka, O. F., Aguzie, I. O., Ezema, C. A., Ugwoke, I. M., Osibe, D. A., Asogwa, C. N. (2025)

Yu, H.R., Guo, M.J.,, Yu, L.Y,, Li, L.Y., Wang, Q.H., Li, F.H., Zhang, Y.Z., Zhang, J.Y. and Hou, J.Y. (2022).
Effects of dietary riboflavin supplementation on the growth performance, body composition and anti-
oxidative capacity of Coho salmon (Oncorhynchus kisutch) post-molts. Animals, 12(22): 3218,
https://doi.org/10.3390/ani12223218.

Zetner, D. B., Andersen, L. P. K. and Rosenberg, J. (2018). Pharmacokinetics of intravenous, rectal, intravesical,
vaginal, and transdermal administration of exogenous melatonin in healthy female volunteers: a
crossover study. EudraCT nr: 2017-000997-13.

Interdisciplinary Journal of Agriculture and Environmental Sciences |

99 https://sadijournals.org/index.php/IJAES | editorial@sadijournals.org



