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1. INTRODUCTION

The red drum Sciaenops ocellatus is one of the most popular euryhaline fish
species [1, 2], with a fast growth rate, delicious meat, high nutritional value, and good
resistance to changes in temperature during the long cold winters of Northern Vietnam.
Red drum were once farmed in many provinces in Vietnam such as Hai Phong, Quang
Ninh, Nam Dinh, Nghe An [3], Thanh Hoa, Ha Tinh, and Khanh Hoa [4].

Fish blood is similar to that of other animals, reflecting the body's health status
as well as the quality of the environment in which the fish lives [5, 6]. There are
many studies related to the hematological profile of red drum [7-9]; however, in the
majority of studies, red drum are collected/farmed in coastal saltwater environments
or estuary areas where there are many objective factors that cannot be controlled
such as temperature, pH, and content of inorganic and organic substances.

In 2013, Gullian-Klanian [10] conducted experimental research on raising red
drum in freshwater conditions. The findings showed changes in physiological
osmotic pressure as well as the important role of ion treatment during fish farming.
However, this study did not examine in detail the red drum's blood profile as well as
the changes in their biochemical indicators. Therefore, our study was conducted to
evaluate the effects of freshwater farming conditions and feed ingredients prepared
from wild trash fish species on hematological profiles, including blood cell
composition, morphological characteristics as well as biochemical indicators, of red
drum in Ha Tinh, Vietnam.

2. SUBJECTS AND METHODS
2.1. Experimental design

The experiment was conducted from February 17 to April 5, 2022, in Ky Ninh
commune, Ky Anh town, Ha Tinh province. Fifty individuals of red drum with an
average weight of 1.0 £ 0.25 kg purchased at a local fish farm were placed in a water
tank with an initial salinity of 26%o, with dimensions of length x width x height of
2.0 x 2.0 x 1.4 m. The actual water volume was approximately 4.6 m> Water
changes were performed daily to reduce salt level from 26%o to 0%o after 5 days.
The rate of salinity reduction was based on the Gullian-Klanian method [10]. A 200
W air blower was used (model ACO-012, China) with 4 spherical air stones
operating full time in the experiment.

The fish were fed every day at 8:30 am and 5:00 pm. The feed was made from
trash fish species of the Scad genus. To ensure consistency in feed ingredients, trash
fish was purchased at a time (20 kg) from a trader at river mouth Cua Khau, Ky
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Ninh, Ky Anh, Ha Tinh, and frozen at a temperature of -14°C to -10°C. Before each
feeding, the trash fish was cut with scissors into pieces measuring 1-2 cm x 2-3 cm.
The weight for each feeding was usually equivalent to 1-3% of the total weight of
fish in the tank and was gradually decreased after each sampling. Random analysis
of a feed sample showed that the ingredients for 100 g of feed included crude protein
17.5%, fat 3.92%, crude fiber 0.33%, phosphorus 750 mg/100 g, and calcium 1.03 g
(analyzed at the National Institute for Food Control, No. 65 Pham Than Duat Street,
Mai Dich, Cau Giay, Hanoi).

The water in the tank was changed every two days, the volume of water
replaced corresponding to 1/3 of the total amount of water in the tank water changes
were performed using a submersible pump and dragged along the bottom to remove
feed debris and fish waste. The fish tank was situated in the courtyard, under a
canopy of trees and half covered with a corrugated iron roof.

Water parameters such as temperature, pH, and dissolved oxygen were
measured directly in the field using a Multi-Parameter Analyzer AZ 86031 (AZ
Instrument Corp., Taiwan).

2.2. Collection of fish blood and water samples

On days 1, 5, 10, 20, and 23, from the time the water salinity in the tank
reached 0-1%o, blood was taken from the tail vein with heparin, an anticoagulant, at
a ratio equivalent to 1 ml blood: 1 drop of heparin concentration 500 U, mixed with
physiological saline solution for freshwater fish [11]. The blood was taken no more
than 2 minutes after the fish was taken out of the tank to minimize the effects of
stress on the fish. For each fish, 4 ml was taken, of which 2 ml was for biochemical
analysis and 2 ml was for cell count and blood smear.

On days 1, 10, and 20, three water samples were collected, marked, and sent to
the laboratory at the Joint Vietnam-Russia Tropical Science and Technology
Research Center.

2.3. Analysis of blood biochemical indicators and heavy metal content in water

Tubes containing blood samples used for biochemical analysis were placed in
a blood transport cooler, stored at a temperature of 4 -8°C, and transported to the
laboratory within 2 hours after sampling.

The hemoglobin content was analyzed using an Auto Hematology Analyzer
BC-2800 (Mindray, China). The remaining parameters, glucose, urea, creatinine,
triglyceride, aspartate transaminase (AST), and alanine transaminase (ALT), were
analyzed using an Olympus AU400 Automated Clinical Chemistry Analyzer (Japan).

The heavy metal content in the water was analyzed with an inductively
coupled plasma mass spectrometry system, using method SMEWW 3125B: 2017.
Indicators of interest include Cr, Fe, As, Mn, Hg, Ni, Cd, Mg, Zn, Cu, and Pb.

2.4. Counting the number of red blood cells, blood smear preparation and
measure cell size
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Using a silver-coated Neubauer counting chamber and an Amscope microscope
(M158C-E, USA) with a camera connected to a computer, the number of red blood
cells was counted after diluting the blood 250 times with physiological solution.

Red drum blood smears were prepared similarly to those of human or other
animal blood, following the method described by Greer [12].

After preparing the smears, the slides were air-dried. Cells were fixed on the
slides with 100% methanol for three minutes, then stained with 5% Giemsa solution
for 20 minutes using a manual staining tray. The slides were rinsed twice with pH
7.2 buffer solution, each time for one minute, and allowed to dry naturally in the air.

Detailed studies and photography were conducted using an Olympus CX33
optical microscope (Japan) at the laboratory of the Institute of Tropical Ecology,
Joint Vietnam-Russia Tropical Science and Technology Research Center.

The length, width, and area of erythrocytes, as well as the length, width, and
area of erythrocyte nuclei, were measured using ImagelJ software version 1.54.

2.5. Image processing and statistical analysis

Images were processed to increase contrast using Photoshop CS6 software and
to increase resolution using free online image-processing Al tools such as zyro.com,
picwish.com, and pixelcut.ai. There was no intervention related to the content or
composition of the blood smear images.

The obtained data were statistically processed using IBM SPSS Statistics 26
software. Results are presented as Mean + Standard Deviation. The Kruskal-Wallis
test and Dunn’s test were run for biochemical test results. The ANOVA test was
applied to red blood cell morphology data with a large amount of data, satisfying the
condition that the sample has a normal distribution. Statistically significant
differences are mentioned with p value < 0.05.

3. RESULTS AND DISCUSSION
3.1. Water parameters under experimental conditions

The results of the analysis of temperature, pH, dissolved oxygen, and some
heavy metals in the agricultural environment at the specified times are shown in
Table 1.

Table 1. Water quality during the experiment

Parameters | Unit | FN1 | FN10 | FN20 TCVN ALC”
o 18-34!
Temperature | "C 24-30 20-322
6.5-9'
pH 7.7-8.3 70-85
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Parameters | Unit | FN1 | FN10 | FN20 TCVN ALC”
Dissolved >4.0'
oxygen mg/L 8.0-8.3 > 5.0
Cr ug/l ND ND ND -
Mn ug/l | <45 | <45 | <45 -
Mg ug/l 931 877 916 -
As ug/l ND ND ND - 3000-30,000%**
Ni ug/l ND ND ND - 30-75%*
Zn ug/l 16 17 19 - 100-1,000**
Cu ugl | ND | ND | ND - 1-10*
Fe ng/!l |11 11 12 - Fe?"*: < 100-200*
2 4-70%*
Pb ug/l ND ND ND <50 1,000-100,000%*
2 0.3-2*
Hg pug/l | ND ND ND <0.5 200-4,000%*
2 0,2-1*
cd ug/l | ND | ND | ND <5 2,000-20,000%*

Note: FN1, FNI10, FN20 - freshwater samples taken on days 1, 10, and 20 of
the experiment; ND - not detected;, TCVN - Vietnamese National Standards; I
TCVN 13952:2024, Water for aquaculture-Freshwater-Quality Requirements; ° -
TCVN 13951:2024, Water for aquaculture-Marine water-Quality Requirements;
ALC: maximum permissible concentration; " - Svobodovd et al. [13]; * - Acceptable
limitations in aquaculture, **Lethal concentrations, which vary depending on other
factors such as species, inorganic and organic compounds, soft water, and calcium-
rich water etc.

In Vietnam, currently, there is no Technical Regulation on Freshwater Quality
for Aquaculture; and likewise Vietnamese National Standard TCVN 13952:2024
[14] has note yet established critical values for heavy metals. But in the Vietnamese
National Standard TCVN 13951:2024 [15] only regulates the concentration limits of
three metals considered the most toxic: Pb, Hg, and Cd. However, the obtained
values indicate that the experimental environmental conditions align with existing
standards for fish farming concerning physicochemical indicators.
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3.2. Mortality rate of experimental fish

The original plan was to collect fish blood on days 1, 5, 10, 20, and 30 of the
experiment. However, we were not able to take blood from red drum individuals on
day 30 as originally planned. Starting from the 12th day, scattered dead red drum
appeared. Table 2 presents details of fish deaths and dates of events.

Table 2. Events that occurred during the experiment

The total number of fish initially placed in water with a 50
salinity of 26%o
The total number of fish after 5 days of adaptation, with

salinity approximately 0%o S0

Number of fish | Number of Number of

Ne Day of exp. |whose blood was dead individuals

taken individuals remaining
1 1 10 0 40
2 5 10 0 30
3 10 8 0 22
4 12 - 1 21
5 13 - 1 20
6 15 - 2 18
7 16 - 1 17
8 17 - 1 16
9 18 - 2 14
10 19 - 1 13
11 20 6 2 5
12 21 - 1 4
13 23 2 2 0

Total 36 14 (28%)

The last day of blood collection was on the 23rd day of the experiment. The
mortality rate of red drum went up to 28% during the 28-day period, including the
first 5 days before blood collection. During the entire experiment, 14 out of 50 fish
died, despite being provided with adequate feed and regular water changes, and
despite the researchers ensuring dissolved oxygen as well as very low heavy metal
content in the water. This shows that red drum is not fully adapted to the freshwater
environment. This result is similar to the red drum farming experiment conducted by
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Gullian-Klanian in 2013 [10], where, during the 8-day period of reducing salinity
from 30 psu to O psu, no deaths of red drum were recorded. However, during
commercial freshwater culture, the fish mortality rate is as high as 42.5%. The cause
of fish mortality is believed to be related to low osmotic pressure with a decrease in
plasma K" ion concentration. Our experimentally raised red drum did not have
enough K ion concentration in the plasma to ensure osmotic pressure balance with
the environment. This result is also consistent with the data and research results
presented by Sakamoto and Yone [16] and Shearer [17].

For red drum to be able to live in environments with varying salinities, they
must be able to maintain relatively stable plasma ion concentrations when living for
long periods of time in extremely low-salinity environments [10]. Some authors [18,
19] have suggested that, for euryhaline fish species, both hematological and osmotic
values do not change significantly when exposed to different salinity conditions.
However, during the research process, we found that, to dilute the blood of red drum
raised in saltwater and freshwater environments, it is necessary to use physiological
salt solution for marine or freshwater fish. Using inappropriate physiological saline
solutions can cause hemolysis. It is also important to emphasize that freshwater
environments have lower osmotic pressure as well as lower solute composition than
saltwater ones [10]. When changing water, the osmotic pressure of the external
environment gradually decreases (changing salinity from 26%o to about 0%o),
whereas, for fish to maintain life, the osmotic pressure of the extracellular fluid must
ensure balance with the water environment through the main ions K" and Ca®" -
meaning the osmotic pressure of extracellular fluid also decreases [10]. At the same
time, the blood cell membrane must have a mechanism to stabilize and keep water
moving in a controlled manner into the cell. A decrease in plasma osmolality in a
freshwater environment should not necessarily be interpreted as an inability to
tolerate a hypotonic environment.

3.3. Morphological characteristics of blood cells

Figure 1 shows the results of the analysis of whole blood samples and
recorded components including red blood cells, neutrophils, basophils, small and
large lymphocytes, platelets, and monocytes. No eosinophils were recorded.

In this study, the erythrocyte cytoplasm of red drum exhibited a lightly
basophilic blue color when stained with Giemsa stain (Merck, Germany). In
contrast, with Quik-DipStain (Mercedes Medical, Inc., 7590 Commerce Court,
Sarasota, FL, USA), the cytoplasm was reported to be slightly basophilic [8]. White
blood cells and red blood cells of the same fish species do not always exhibit the
same color after staining, despite being classified as the same cell type. This
discrepancy is thought to be related to pH differences in the cells, as well as
variations in the processing and staining methods [8]. In previous research [9], no
eosinophils were recorded in the blood of red drum. Harr et al. [8] recorded 4/33 red
drum individuals with low numbers of cells consistent with the characteristics of
eosinophils, while basophils were not observed. The different results between this
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study and that of Harr et al. [8] highlight the difficulty of classifying leukocyte types
[20], partly due to the non-specific role of granulocytes in fish, which is similar to
that in higher animals such as mammals or humans [21]. Furthermore, the images
obtained through microscopy are influenced by many objective factors, including
dyes, purity, laboratory equipment, and subjective factors such as technician actions
and investigator judgment [22].
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Figure 1. Types of red drum blood cells in freshwater culture conditions using natural
feed. Er - erythrocyte, Neu - neutrophil, Thr - thrombocyte, Bas - basophil, sL - small
lymphocyte, Mon - monocyte, bL - large lymphocyte. A, B, C - FN1; D, E - FN5; F,

G -FNI10; H, I - FN20 (FN1, FN5, FN10, FN20-fish blood samples in freshwater
condition and using natural feed on days 1, 5, 10, and 20 of the experiment)

Table 3 presents the size of red blood cells of fish groups measured at each
sampling date. The results show that red blood cell size of red drum decreased
significantly on day 5 of the experiment in all indicators, followed by an increase on
day 10. Smith [23] reported that erythrocyte size varies inversely with the metabolic
activity of animals. Szarski [24] noted that red blood cell size has adaptive value,
and any adaptive decrease in metabolic rate tends to an increase in cell size. Changes
in hematological parameters can be verified not only across different species but
also within the same species in varying ecological niches, resulting in physiological
adaptation [25]. The number of studies focusing on changes in red blood cell size or
shape is limited, making comparisons challenging [26]. Red blood cell size,
including surface area or volume, is inversely proportional to the ratio of oxygen
bound to hemoglobin [27]. Our research results indicate that hemoglobin content
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remained stable during the experimental period (see Table 4), and the dissolved
oxygen level in the culture environment was well maintained. Thus, the observed
fluctuations in red blood cell morphological indices from day 1 to day 20 appear to
be related to the fish's efforts to cope with stress induced by the differences in
osmotic pressure. This unresolved situation likely contributed to the high mortality
rates, as shown in Table 2.

Table 3. Morphological indices of red blood cells of red drum in the experiment

Dc dc Dn dn Sc Sn

FN1 [{10.71 £0.61%|8.16 £ 0.68"[4.29 + 0.36%|3.13 £ 0.31°| 70.30 + 7.03" [10.41 + 1.45°

FN5 | 831 +1.30° [6.41 +1.12°(3.41 £0.38°|2.71 £ 0.29°|43.63 + 12.90°| 7.58 + 1.28°

FN10 |10.44 +0.78°|7.77 + 0.57°|3.85 £ 0.40°|2.80 £ 0.29°| 65.21 + 6.55° | 8.30 = 0.88°

FN20 | 9.56 +0.73° |7.11 +£0.52%(3.58 + 0.38%(2.62 + 0.25%| 54.00 + 6.03¢ | 7.43 +0.74¢

Note: Dc, dc, Sc - large diameter, small diameter, and area of RBC; Dn, dn, Sn -
large diameter, small diameter, and area of nucleus; FNI, FN5, FNI10, FN20 - fish
blood samples in freshwater condition and using natural feed on days 1, 5, 10 and 20 of
the experiment; Kruskal-Wallis test and Dunn's test, a, b, c, d, e - statistically significant
differences in column (p < 0.05).

With blood samples collected from fish groups FN1, FNS5, and FN10, no red
blood cell disorders were recorded at a level considered to require attention.
However, with the FN20 fish group, red blood cell membrane structural disorders
were clearly evident (red blood cells in figures 1-H, 1-1 with red arrowhead).
Prolonged stress causes the stability of the red blood cell membrane structure to
gradually break down, creating wrinkles at the cell poles. In 2019, red blood cells of
red drum in the saltwater environment at the estuary, also in this area, were recorded
to have many morphological disorders related to shape and nuclear structure [9],
while in the freshwater environment of this experiment, there were almost none.
Combined with previous research results [9], it can be seen that, for red drum,
disorders in red blood cell nuclei are largely due to the effects of heavy metals in the
water.

3.4. Hematological and biochemical indices of red drum

In addition to the research results on the composition and characteristics of
blood cells, biochemical data of red drum blood under experimental freshwater
conditions were also analyzed (Table 4).
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Table 4. Blood cell composition and biochemical indicators

Parameters FN1 FN5 FN10 FN20
RBC (x10°/ml) 2.73+0.57* | 223+£0.71° | 4.04+0.83" | 2.52+0.62°
WBC % (/100 RBCs) | 2.04+0.69° | 2.12+0.88* | 32+083" | 203186
Thromb (/100 RBCs) | 1.08 £1.06* | 238+027" | 149+1.17° | 1.86+1.96"
HbG (g/L) 101.16 £ 8.17* | 93.33+9.56" | 101.75+ 5.32* | 108.67 + 6.62°
Glu (mmol/L) 5.62+1.65" | 3.85+1.88" | 5.68+261" | 10.87+5.90°
Ure (mmol/L) 1.76 £0.63* | 1.18+0.61° | 0.88+0.17* | 0.70 £0.32°
Cre (umol/L) 28.66+5.19* | 33.17+ 591" | 13.83+8.51" | 24.17 £ 16.19"
Trig (mmol/L) 3.07+1.12° | 454+1.89* | 452+138 | 3.54+0.55°
AST (U/L) 30.82 + 12.52% | 27.97 £ 21.09* | 36.53 + 15.80" | 34.80 + 15.72°
ALT (U/L) 1.68+£0.87* | 1.03+0.95" | 2.50+2.11° | 0.63 +0.60°
Protein (g/L) 40.53 £ 6.65" | 36.20 +2.82* | 39.68 + 8.24* | 33.68 + 10.34°

Note: FNI, FN5, FN10, FN20 - fish blood samples in freshwater condition and
using natural feed on days 1, 5, 10, and 20 of the experiment; RBC - red blood cell or
erythrocyte; WBC - white blood cell or leucocyte; Thromb - thrombocyte or platelet;
HbG - hemoglobin;, Glu - glucose; Cre - creatinine; Trig - triglyceride; AST -
aspartate aminotransferase; ALT - alanine aminotransferase.

Hematological parameters of fish, such as red blood cells (RBC), white blood
cells (WBC), platelets, and hemoglobin, are influenced by various factors. Among
these, the number of RBCs in fish is significantly dependent on environmental
factors, primarily temperature and dissolved oxygen levels in the water [6].
Typically, fish respond to hypoxic conditions by increasing their oxygen storage
capacity in the blood, accelerating erythropoiesis, and rapidly releasing stored cells
from the spleen [28], while also increasing cell surface area [27]. An increase in
RBC count has been observed in environments with higher temperatures [29, 30].
Research by Ghanbari et al. [31] indicated that acidic (pH 5.5) or alkaline (pH 9.0)
water conditions significantly reduce RBC levels in Cyprinus carpio carp, while
Chindah et al. [32] found that in Sarotherodon melanotheron tilapia, RBC levels
increased significantly in water with a pH of 4-6 compared to neutral pH conditions.
The marked increase in red blood cell index on day 10 may be one of the immune
system's efforts to increase the transport of energy, nutrients, and ions to enhance the
ability to resist stress [6].
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Regarding white blood cells (WBC), which play a crucial role in the immune
system, their numbers are influenced by various factors, including internal factors
such as gender, stress, feeding habits, and illness, as well as external factors like
seasons and water pollution [33]. Fazio et al.'s experiments [34] on the gilthead
seabream, a euryhaline species similar to red drum, demonstrated that stress resulted
in increased RBCs, hemoglobin, WBCs, and glucose levels in the fish.

The third type of cell considered in this study is platelets, which are critical for
the blood clotting process-a protective response of organisms. Numerous studies
have shown a correlation between platelet count and stress in fish, indicating that the
activation of hemostasis mechanisms following a period of stress is accompanied by
an increase in platelet numbers [35-37]. In this study, temperature, pH, and
dissolved oxygen (DO) levels were found to be suitable for the living conditions of
red drum [2, 38]. Thus, the changes in hematological indices observed at different
time points during the experiment suggest a relationship with the stress conditions
induced by the freshwater environment.

Biochemical indexes such as glucose, urea, creatinine, triglyceride, AST,
ALT, and plasma protein were quite stable throughout the experiment, and
differences between experimental times were not statistically significant.

Glucose is a critical indicator reflecting nutritional status and energy
metabolism in animals. In many cases, when fish experience stress, stress hormones,
in conjunction with cortisol, mobilize and increase glucose production through
gluconeogenesis and glycogenolysis pathways [39] to meet the energy demands
caused by stressors, triggering a "fight or flight" response. Although some
researchers suggest that glucose is a useful indicator for determining the stress level
of fish under multiple stressors [40], many authors, including Mommsen ef al. [41]
and Flodmark et al. [42] emphasize the need for careful consideration when using
glucose as the sole indicator of stress. In such a state, Davis and McEntire [43]
reported weak or no glucose increase, while Rotllant and Tort [44] noted no change,
and even a decrease was observed in Wood et al.'s study [45]. In this study, fish
groups exposed to freshwater (salinity 0%o) exhibited fluctuations in glucose levels
across sampling times, with a marked increase at the end of the experiment, from
5.62 + 1.65 mmol/L on day 1 to 10.87 = 5.90 mmol/L on day 20. These values were
lower than those observed in red drum fish reared in sea cages with salinity levels
between 24-36%o, where glucose levels ranged from 12.31 + 0.67 to 17.03 £+ 1.02
mmol/L [9]. However, data analysis in Table 4 indicated that the differences were
not statistically significant, and the standard deviation exhibited a wide margin. This
could be attributed to the sample size in each group being only representative (6 <n
<10) and/or individual variations in red drum's stress response.

The analysis of urea and creatinine levels allows for certain assessments
regarding the functioning of the liver, kidneys, or gills in fish. These organs play a
critical role in maintaining homeostasis and regulating osmotic effects. Freshwater
fish typically drink very little water, tend to lose salts to their environment, which
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must be replaced, and their kidneys excrete large amounts of water to
counterbalance water absorption through the skin. In contrast, marine fish consume
large amounts of water and excrete salt through specialized cells in their gills.
Euryhaline species such as salmon or red drum can employ both mechanisms,
depending on whether they are living in freshwater or saltwater environments at a
given time [46]. Furthermore, there are cellular-level adaptations within the fish,
involving active and passive transport proteins that facilitate the movement of salts
along or against concentration gradients. In this study, a notable point is that
creatinine content decreased sharply on day 10 then increased again on day 20. As is
known, creatinine is a waste product of protein breakdown in feed as well as from
normal breakdown in muscle tissue. Creatinine levels are often reported to increase
in cases of stress owing to heavy metal exposure [47] or transportation [48].
However, our research results show that reduced creatinine concentrations can also
be a consequence of prolonged stress, impacting the fish's ability to consume feed as
well as reducing muscle tissue activity. The amount of waste products produced also
decreases accordingly. Creatinine values at stages with large standard deviations
show that there are significant fluctuations in creatinine content in fish blood, and
even significant differences between individuals under the same farming conditions.

Triglycerides represent one of the energy substrates derived from fats, serving
as a crucial component necessary to provide energy for fish. They are also a useful
tool for assessing nutritional status and lipid metabolism in freshwater fish.
Fluctuations in triglyceride concentrations can indicate the onset of certain
pathological conditions, such as nephrotic syndrome or glycogen storage disease, or
may be caused by stress from toxic compounds in the water [49]. The triglyceride
level has been observed to increase in Oreochromis niloticus when exposed to silver
but decrease when exposed to copper [50]. However, there may be no significant
change when the diet of Cyprinus carpio shifts from fry to plant protein [51].
Typically, plasma triglyceride levels in carp range from 1.36 to 1.53 mmol/L [47],
while in Australian snapper Pagrus auratus, they range from 0.9 to 5.2 mmol/L [52].
Meanwhile, specific studies on blood triglyceride levels in red drum are scarce; thus,
the values obtained in this experiment may serve as reference data for future studies.

Two enzymes-aspartate aminotransferase (AST) and alanine aminotransferase
(ALT)-are commonly used to evaluate liver damage or dysfunction [53]. When liver
injury occurs, both enzymes are released into the blood, and in cases of severe
injury, AST levels rise and remain elevated for several days [54]. Both enzymes are
found in low concentrations in the blood of healthy fish [55]. In seawater
environments containing certain permissible heavy metal ions, the AST levels of red
drum have been recorded at 18.66-76.22 U/L, while ALT levels range from 2.71 to
22.40 U/L [9]. AST and ALT levels vary significantly between species and even
within the same species. For example, these indicators in red drum are significantly
lower compared to tilapia, where AST ranges from 47.43 to 125.17 U/L and ALT
from 12.56 to 25.06 U/L [55]; meanwhile, rainbow trout AST levels are relatively
high, ranging from 181.73 to 370.47 U/L, and ALT ranges from 0.78 to 4.78 U/L
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[49]. In this study, the levels of these enzymes also fell within previously reported
ranges, and throughout the experiment, no significant differences were observed
across blood sampling times. Therefore, under the experimental conditions
presented, there were no signs of liver damage or dysfunction in red drum.

Plasma proteins are another key biochemical parameter for assessing fish
health and the biological mechanisms of metabolism under pollution pressure [5,
47]. In this study, total protein levels ranged from 23.34 to 47.92 g/L, with no
statistically significant differences observed between sampling times. Compared to
previous studies in estuarine areas with higher salinity levels (above 30%o), total
plasma protein in red drum has been recorded at 42.04-71.87 g/L [9]. Living entirely
in marine conditions, Pagrus auratus exhibits plasma protein levels ranging from 36
to 69 g/L [52]. Fish can utilize various metabolic substrates for energy to maintain
osmoregulation, including amino acids and proteins. Elevated plasma amino acid
levels have been observed in fish inhabiting high-salinity environments [56]. Some
authors [57] suggest that in certain euryhaline fish species, adapting to low-salinity
water requires less energy than to high-salinity conditions, possibly due to lower
demands for soluble amino acids and proteins to maintain osmotic balance in low-
salinity environments. However, Mian and Siddiqui [58] reported that hybrid tilapia
(Oreochromis mossambicus *x Oreochromis niloticus) fed a diet containing 30-40%
protein and living in water with salinity levels ranging from 0 to 35%o0 maintained
stable plasma protein levels of 9.0-9.2 g/L, which is relatively low compared to red
drum. Changes in total protein content are likely to occur when fish transition
between low- and high-salinity environments.

4. CONCLUSION

Based on the results of this study, it is evident that red drum Sciaenops
ocellatus showed poor adaptation to the freshwater environment over a long period,
with a mortality rate of up to 28% during the 28-day experiment. Under conditions
where the concentrations of heavy metals Fe, Mn, and Zn is below the threshold of
0.02 mg/L, Mg is below 1 mg/L, and no Cr, As, Hg, Ni, Cd, Cu, or Pb were
detected, no red blood cell disorders related to cell nuclei were recorded.

The morphological and biochemical changes in erythrocyte indices in this
study highlight the diversity of the red drum’s cellular responses to freshwater
conditions. Under the same living environment and diet, individual red drum exhibit
variations in their reactions to surrounding conditions as they strive to maintain
homeostasis within their bodies. The data collected also reinforce the reference
ranges within the blood profile of red drum.
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SUMMARY

This study presents the results of some hematological characteristics of the red
drum (Sciaenops ocellatus) reared in freshwater tanks and fed a diet consisting of
trash fish. Blood samples were collected, cell counts performed, and blood smears,
as well as biochemical indices, were analyzed on days 1, 5, 10, and 20 of the
experiment. Standard hematological research methods were employed. The water
concentrations of several heavy metals were also assessed. The results indicate that
red drum showed limited adaptation to the freshwater environment and a natural
trash fish diet, with a mortality rate reaching 28% during the 28-day experimental
period. The red blood cell count increased by 48% to 81% on day 10 compared to
days 1 and 5. Morphological abnormalities in red blood cell membranes were
observed in blood samples on day 20. Most biochemical indices remained relatively
stable throughout the experiment, except for creatinine, which decreased on days 10
and 20 compared to days 1 and 5. The data obtained also contribute to the reference
ranges in the hematological profile of red drum.

Keywords: Red drum, biochemical, hematology, heavy metals, freshwater, ca
hong my, sinh héa, huyét hoc, kim logi ndng, nwée ngot.

Tap chi Khoa hoc va Céng nghé nhiét déi, S6 37, 03 - 2025 19



Nghién ctru khoa hoc céng nghé

@ Institute of Tropical Ecology, Joint Vietham-Russia Tropical Science and
Technology Research Center, No. 63 Nguyen Van Huyen, Nghia Do, Cau Giay,
Hanoi.

@ Institute of Physics, Vietnam Academy of Science and Technology, No. 18
Hoang Quoc Viet, Nghia Do, Cau Giay, Hanoi.

@ Institute 69, Command for the Protection of President Ho Chi Minh's
Mausoleum, Alley 1B Bach Thao, Hoang Hoa Tham, Ba Dinh District, Hanoi City.

Nhdn bai ngay 05 thang 6 nam 2024
Phan bién xong ngay 30 thang 7 nam 2024
Hoan thién ngay 29 thang 10 nam 2024

Contact: Do Huu Quyet

Institute of Tropical Ecology, Joint Vietnam-Russia Tropical
Science and Technology Research Center

No. 63 Nguyen Van Huyen, Nghia Do, Cau Giay, Hanoi
Tel: +84989106174; Email: dhquyet@gmail.com

Tap chi Khoa hoc va Céng nghé nhiét déi, S6 37, 03 - 2025 20



