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Abstract: A global interest in Silver Barb (Barbonymus gonionotus) cultivation has arisen because
of a combination of declining wild stock and a steady increase in demand and market value. The
purpose of the current investigation was to evaluate the impact of extreme water temperature
changes on growth, hemato-biochemical responses, pepsin enzyme activity and gill histomorphology
of B. gonionotus. Four distinct temperatures (22, 26, 30 and 34 °C) were applied in the laboratory (22,
26, 30 and 34 °C) in triplicate glass aquariums (150 L each). At 30 and 22 °C, respectively, the highest
and the lowest length and weight gain, specific, daily and relative growth rates were noted. At 30 °C
the lowest FCR was recorded (1.42 + 0.04). The values related to hematology and biochemistry were
found to be within normal ranges; nevertheless, there was a notable variation in the parameters when
the temperature changed. Hematological results revealed that RBC, HB, PLT, HCT and PMYV levels
were significantly higher in groups 30 °C with respect to others. It was evident that cold and heat
shock stress was present due to the decline in hematocrit levels and rise in WBC values. Regarding
the biochemical responses, the level of triglycerides, cholesterol, AP, Ca*, HDL, and HDL/LDL ratio
increased significantly higher at 30 °C. Glucose, total protein, albumin, Na*, K*, C171, AST, bilirubin,
uric acid, and LDL levels were significantly higher at 22 °C compared to other temperatures. There
was a higher pepsin activity between 26 and 30 °C while the digestive somatic index (Ipg) was
disproportionate. Histological examination demonstrated the well-shaped gill tissues at 26 and 30 °C
compared to distinctive pathology in other temperature treatments. As an end note, the results of
the experiment indicated that B. gonionotus should be cultured at 26-30 °C to maximize the overall
productivity and the health condition of this economically important fish species.

Keywords: Silver Barb; temperature; growth; enzyme; histology

1. Introduction

The threat posed by global climate change to natural systems and their species is grave
and is only becoming worse. More specifically, the changes in temperature patterns have
a severe impact on aquatic habitats [1,2]. Stakeholders and researchers in fisheries and
aquaculture are also somewhat concerned about it. It is anticipated that temperature trends
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will occur more intensively and frequently than in the past due to the significant changes in
recent decades at both the global and regional levels [3,4]. In tropical and subtropical areas,
temperature variations brought on by climate change are predicted to have an impact on
teleosts’” physiological processes [5]. Fish growth, physiology [6,7], metabolism [8], and
immune responses [9] are all hampered by temperature changes in the water, which causes
fish abundance to decline in extreme cases and cause distribution shifts [10,11]. Because
aquaculture fish cannot change their distribution, the effects on them are little understood,
yet they are crucial to maintaining aquaculture’s sustained contribution to food security
worldwide [12].

One of the most important aspects in assessing the economic feasibility of commercial
fish culture is growth, which is known to be influenced by a number of biotic (such as food,
predation, and population dynamics) and abiotic (physical and chemical characteristics
of the water) variables [6,13-15]. Because ectothermic animals are extremely sensitive to
temperature fluctuations, low temperatures cause their metabolic rates to be inhibited,
which lowers aquaculture productivity [16]. Alternatively, higher temperatures are said to
speed up metabolism, although fish may experience physiological stress if the temperature
rises too high [17]. Fish digestive enzymes have received less research attention, despite the
fact that bony fishes have the same array of digestive enzymes as other vertebrates. Pepsins
are vital digestive enzymes that play a major role in the breakdown of proteins in fish diets.
Pepsin enzyme levels in fish can be affected by a variety of native and exogenous variables,
including the fish’s age, the kind of food it consumes, the time of year, and the temperature
at which it acclimatizes. However, the fact that enzyme activity is greatly dependent on
temperature, as well as on the amount and makeup of food, presents one of the biggest
challenges to comprehending the exerted action (the cumulative conversion catalyzed by
enzymes) [18].

The hematological and biochemical components are significantly impacted by the
temperature of the living medium, and fluctuations within the ideal range restrict the
fish’s physiological well-being [19]. Hemato-biochemical indices are often employed to
assess fish health [20] and can offer details on the physiological reactions to environmental
modifications that impact homeostasis [6,21]. Variations in the chemical properties of
fish blood could be signs of temperature stress and serve as possible indicators of the
physiological well-being of aquatic animals [22]. Fish essential organs like gills undergo
cellular and histological changes and may serve as an effective biomarker for various
exogenous and endogenous stressors connected to their drinking water [23,24]. Bangladesh
is regarded as one of the tropical nations most vulnerable to global warming, and the
country’s freshwater fishing resources and aquaculture industries are severely impacted by
the phenomenon.

Among the several species, one that stands out is the Silver barb, Barbonymus go-
nionotus, for its economic significance, commercial appeal, and widespread use as a food
source [25]. Its great taste and high productivity have made it popular [26]. In addition,
it adapts favorably to relatively low-cost and easy management techniques [27] and thus
establishing it as a most suitable species for fish farmers. Recently, the practice of inten-
sive culture of this species has been gaining popularity in fish-producing countries like
Bangladesh [28]. However, questions about the species’ metabolic features and capacity to
handle stressors from the surroundings have gotten little consideration. To date, research
on Silver barb has concentrated on pesticide tolerance [29,30], dietary replacement [31,32],
growth, nutrition [28,32] and heavy metal tolerance [33,34]. There is a lack of information on
the response of physiological, hematological, biochemical responses and gill histomorphol-
ogy of Silver barb encountering extreme temperature events has not been comprehensively
studied. Therefore, the current experiment aimed to identify the impact of extreme water
temperature changes on growth performances, hemato-biochemical responses, pepsin
enzyme activity and the gill histomorphology of B. gonionotus.
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2. Methodology
2.1. Experimental Fish Collection, Transportation and Conditioning

The experiment was carried out at the laboratory and hatchery complex of the Depart-
ment of Genetics and Fish Breeding, Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU), Gazipur. the specimens of B. gonionotus (11.27 £ 0.12 cm TL and
12.53 £ 0.82 g BW) were collected from local hatcheries of Mymensingh, Bangladesh and
transported to the Genetics and Fish Breeding laboratory of BSMRAU, Bangladesh.

The fish were kept in a 4000 L cemented stocking tank at 26 & 0.5 °C for 21 days before
starting experiments to recover from the impacts of handling and transportation stress and
adapt to the new environment and food. Fish were given enough commercial starter feed
twice daily. Every attempt was made to ensure the well-being of the animals, minimizing
any potential distress.

2.2. Experimental Design

Twelve aquaria (80 cm X 45 cm x 40 cm) each were filled with 150 L of freshwater in
the laboratory of the Department of Genetics and Fish Breeding, BSMRAU, Bangladesh.
After setting, fifteen individuals of B. gonionotus were placed within every aquarium and
enough aeration was provided. The fish were exposed to four temperature treatments: 22,
26, 30, and 34 °C for 60 days. We considered 26 °C as the controlled temperature. Each
temperature was kept constant in a series of three replicate tanks (3 tanks x 4 tempera-
tures) (Figure 1). Temperature adjustments were initiated for each of the experimental
treatments at 2 °C day~! by using a water heater (E-JET Heater 200W, Penang, country of
origin: Malaysia) and a cooler (HS-28A 250-1200 L/H, Guangdong Hailea Group Co., Ltd.,
Chaozhou, country of origin: China) until the investigational temperature reached to the
lowest possible at 22 °C and the highest at 34 °C. A 12:12-h light:dark photoperiod was
maintained. Throughout the trial, 20% of the water was replaced daily. Fish were sampled
and data were recorded every 15 days. A commercial pellet diet (moisture: 12.98%, protein:
31.20%, lipid: 6.72%, ash: 13.22%, fiber: 11.58%, and NFE: 24.30%) was supplied to the fish
twice a day until they were satiated at 09.00 and 16.00 h. Besides, feces of experimental fish
and uneaten feedstuff were removed daily.
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Figure 1. Protocol for the experiment. There were four treatments in the experiment, and the fish

were kept for 60 days each.
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2.3. Measurements of Water Quality

The water temperature and pH were tested daily while total hardness and total
ammonia nitrogen (NH3-N) were determined weekly. Every measurement was made
at 9:00 a.m. A YSI 59 Multiparameter Water Quality Probe (Yellow Springs Instrument
Company, Yellow Springs, OH, country of origin: USA) was used to measure both the
temperature and pH of water. The salicylate method (Hach™ method 8155) was used to
measure NH3-N, and the titration (La Motte Chemical test kit, model WAT-DR) method
was used to assess total hardness.

2.4. Evaluation of the Parameters of Growth Performance

After 60 days of experiment, all fish were tallied, measured, and weighed. The average
weight of each group was determined by dividing the total weight by the number of fish.
Various growth parameters were computed by using the formulas:

Body weight gain (BWG, g) = (W2 — W1) x n 1)

2)
3)
Food conversion efficiency (FCE) = (gain in fish mass x g food consumed 1) 4)

Food consumption (FC, gday ') = (g food consumed x day?) (
(
(

Specific growth rate (SGR, %dayfl) =100 x (InWy — InW, /¢ (5)
(
(
(

Food conversion ratio (FCR) = F/W, — W,

Relative growth rate (RGR, %) = 100 x (W, — W1)/W; 6)
Daily growth rate (DGR, %) =100 x (W, — Wy)/t 7
8)

~

Survival rate % = [Final number of fish/initial number of fish] x 100

Here, F is the entire amount of food consumed during the trial period; W; and W, are
the initial (0 d) and final (60 d) mean individual weights for each treatment (to the nearest
0.01 g), n is the final no. of fish, and t is the duration of the investigational period.

2.5. Hemato-Biochemical Responses

After the completion of the experimental period, the fish were kept fasting for 48 h,
then removed from the holding tank and dipped in anesthetic solution [x-methyl quinoline
(Transmore®; Nika Trading, Puchong, country of origin: Malaysia) (0.22 mL L~1) until
ventilatory movements stopped. After that, the fish were placed on a surgical table.
Five fish had blood samples taken from their caudal veins (non-lethal sampling) using a
disinfected 2.5 mL plastic syringe and shifted into 2 tubes: the first aliquot was collected
in EDTA containing tube (1.26 mg/0.6 mL) and kept for hematological evaluations at
4 °C, while the other portion was leftover for 30 min to clot, centrifuged at 12,000x g
at 4 °C for 15 min, and the collected serum was kept for further analysis at —20 °C. An
upgraded Neubaur hemocytometer was used to count the total red blood cells (RBCs) [35].
Cyanmethemoglobin and microhematocrit techniques were used to determine hemoglobin
(Hb) and hemocrit (Hct) [36]. With some modifications, a Neubaur hemocytometer was
used to count the total white blood cells (WBCs) [37].

For biochemical analysis, a clear fluid: the serum was pipetted into a 1.5 mL sterile
Eppendorf tube that had been cleaned and sterilized [38]. For each sample, 800 pL of
serum was applied to numbered sample wells. Albumin (ALB), total protein (TP), globulin
(GLB), alkaline/globulin ratio (A /G ratio), alkaline phosphatase (AP), alanine transaminase
(ALT), and aspartate aminotransferase (AST) were measured using assay kits (Biosino Bio-
Technology and Science Inc., Beijing, China) [39].

2.6. Pepsin Enzymatic Activity

After collecting blood samples, the total gut contents were collected from each group.
To account for the potential impact of variations in individual body mass, the digestive
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somatic index (Ipg) was determined. Fish were weighed (M) and had their entire gut taken
(from the esophagus to the anus) by making an incision at the esophagus and cloaca to
calculate the Ipg [40]. Then it was cut longitudinally and thoroughly rinsed in ice-cold
0.1 mol L~! phosphate-buffered saline (PBS, pH 7.4). The intestine was blotted dry with
filter paper after rinsing, weighed (M) and stored at —20 °C until analyzed. Every attempt
was made to reduce suffering.

The Ipg (g) was calculated as: Ipg = 100 Mg M~ 9)

After carefully unfreezing, the guts were separated and weighed using a needle.
Individual guts were homogenized by glass and electric Teflon homogenizer (Polytron,
Heidolph RZR 1, country of origin: Germany) in 20 volumes (v/w) of ice-cold 50 mM
Tris-HC1 buffer solution with pH 7.4 following standard procedure [13]. The Bradford
assay was used to assess the total protein content of the intestinal supernatant using the
BioRadR assay kit [41]. Pepsin’s specific activity was measured in relation to the extracts’
soluble protein content. Utilizing 2% hemoglobin in 0.06 N HCl as a substrate, the activity
was measured, and the result was derived from the work of Natali et al. [42]. The test is
based on Anson’s stop-point assay for hemoglobin degradation [43]. Tris-HCl (pH 7.4) was
the buffer that was employed. The mixture contained 0.5 mL of hemoglobin, 1 mL of TCA,
and 0.1 mL of crude enzyme in a 2% (w/v) solution. There are two steps in the process:
one for blank tubes and another for unknown samples. Both the samples and the blanks
underwent double analysis. First, added 500 puL of the substrate (2% bovine hemoglobin)
and 100 pL of crude enzyme extract to each tube. Additionally, 500 uL of the substrate
(2% bovine hemoglobin) was obtained for blank tubes. After all solutions were incubated
for 10 min at 37 °C in a hot air oven, the reaction was halted by adding 1 milliliter of 5%
trichloroacetic acid (TCA) and 100 microliters of crude enzyme extract to a blank tube.
For five minutes, all the samples and blanks were kept at room temperature. Following a
5-min centrifugation at 12,000 x g, the samples were measured using an Ultra Spec 2000
Pharmacia Biotech UV /VS spectrophotometer, and absorbance was measured at 280 nm.
Units per milligram of protein (U mg protein 1) were used to express the specific enzyme
activity as:

[Absorbance value at 280 (supernatant) — Absorbance value at 280 (blank)] x 1000/(10 min X mg protein) (10)

2.7. Histological Examination

Following the 60-day experimental period, the spinal cords of two fish from each tank
were severed immediately behind the opercula. Once the fish was deceased, the gills were
preserved in 10% neutral buffered formalin. The gill tissues were then embedded in paraffin
wax, and sections measuring 3-5 um thick were cut. These sections were subsequently
stained with hematoxylin and eosin (H&E) and examined using a light microscope. The
purpose of this examination was to identify any histological abnormalities or lesions present
in the gills [44].

2.8. Statistical Analysis

The data (mean £ SE) were analyzed by applying a one-way analysis of variance
(ANOVA) followed by Duncan’s multiple range test to compare the means between ex-
perimental treatments. Before conducting any analysis, we checked the data for normality
using the Shapiro-Wilk test and assessed homogeneity of variance using Levene’s test.
Minitab version 18 and Origin software version 8 were used for statistical analyses. p < 0.05
was the accepted significance level.

3. Results
3.1. Measurements of Water Quality Parameters

The average values with standard error (SE) of water quality parameters measured
in the experimental tanks in the study period are shown in Table 1. These parameters
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Average length gain (cm)

remained steady at the designated temperature levels, and there were no noteworthy
differences observed (p > 0.05) in any of the parameters. The recorded values fall within
the appropriate ranges for cultivating this species [45].

Table 1. Water quality parameters recorded throughout the experiment.

Parameters 22°C 26 °C 30°C 34°C
Temperature (°C) 22 +0.84 26 £+ 0.62 30 £ 0.38 34 4+ 0.61
*TH (mg L_l) 123.33 +17.33 110.36 4+ 24.36 118.29 4+ 21.37 112.16 4+ 16.21
* NH3-N (mg Lfl) 0.24 + 0.054 0.16 + 0.018 0.31 £+ 0.024 0.19 4+ 0.031
pH 6.91 4+ 0.06 7.51 £0.24 7.66 = 0.63 7.81 +0.96

Note: * TH: total hardness and NH3-N: ammoniacal nitrogen.

3.2. Growth Performances Study

In general, the four temperatures showed similar mean beginning length and weight
values (Figure 2); the mean total length was 11.27 + 0.12 cm, and individual weight
was approximately 12.53 £ 0.82 g. In every treatment, there was 100% fish survival. The
graphs show the variation of exposed temperatures determines growth, where the observed
average total length and body weight of Silver barb up to 60 days of trial with a commercial
diet. After 60 days, Growth at 30 °C and 26 °C was significantly higher than at other
temperature conditions (p < 0.05, Figure 2). There was no significant difference in mean
body weights between fish retained at 26 and 30 °C; however, the weight observed in both
treatments was significantly higher than fish held at 22 and 34 °C (p < 0.05, Figure 2).

(@) (b)
—%— 22 a
14]-%- 26 Y 21
A 30
- 34 T a 5201
al .- b N1
% A £
134 ik 8184
z
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216
121 %
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Figure 2. Changes in the mean (a) total length and (b) body weight of B. gonionotus reared at
four temperatures over 60 days. The means values shared with different letters differ significantly
(p <0.05).

This 60-day experiment discovered that the water temperature had significant effects
on the BWG, FCE, FCR, DGR, SGR, and RGR of the fish. The highest values of FTL, FBW,
and BWG have been observed in fish reared at 30 °C (14.05 + 1.66, 22.57 + 4.35, and
11.30 £ 1.96, respectively). FCR values were significantly higher in fish reared at 22 and
34 °C (1.83 £ 0.05 and 1.75 % 0.02) compared with those at 26 and 30 °C (1.51 & 0.03 and
1.42 £ 0.04; p < 0.05, Table 2). When the temperature was raised from 22 °C to 30 °C, the
values steadily fell, but substantially increased when the temperature was elevated to 34 °C.
Overall, the group raised at 30 °C demonstrated the best FCR performance. On the other
hand, the ideal temperature for FCE was 30 °C and estimated to be 0.70 £ 0.01.
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Table 2. Growth response of B. gonionotus at different temperatures for 60 days.
Temperature (°C)
Variables
22 26 30 34
Initial total length (cm) 11.13 £1.002 11.45+1.382 11.24 £1.24°2 1124 £1.142
Final total length (cm) 12.84 £1.232 13.97 £1.932 14.05 £ 1.66% 1327 £1.60%
Initial body weight (g) 13.40 £+ 3.68 2 12.37 +4.62° 1127 +£2432 13.10 £ 3.86 2
Final body weight (g) 19.48 +4.96 2 22.08 + 6.44° 2257 +4.35P 20.50 +5.012
Total length gain (cm) 1.71+031b 25240612 2.81+046? 2.034+0.49°
Body weight gain (g) 6.08 £1.42°¢ 9.71£1932 1130 £ 1.96 2 740 +1.17°
Food conversion ratio 1.83£0.057 1.51+0.03¢ 142 +£0.04¢ 1.75 +0.02°
Food conversion efficiency 0.55 +0.01 ¢ 0.66 +0.02° 0.70£0.01° 0.57 +0.02 4
Condition factor 0.90 £0.09° 081+0.11°% 0.83+0.14% 0.87+0.11°%
Specific growth rate (% day ') 0.63 +0.07 4 1.01 +£0.13" 1.17 £ 0.06 2 0.77 £0.10¢
Relative growth rate (%) 59.34 +10.05 ¢ 83.41 + 14.23P 101.32 £ 6.99 2 4599 +5.814

Daily growth rate (%)
Survival rate (%)

4053 +9.494

97.13 + 19.26 P

113.00 £19.59 2

74.00 £11.73 ¢

100 100 100 100

Note: The values are the averages of three groups & SD. Within the same row, mean values followed by a similar
letter are not significantly different (p < 0.05).

Temperature has a strong influence on SGR. When the water temperature was altered
from 22 °C to 30 °C, the SGR increased significantly (p < 0.05) and then reduced when the
temperature was elevated from 30 °C to 34 °C (Table 2). The SGR value at 30 °C (1.17 = 0.06)
was significantly higher (p < 0.05) than in other treatments and the lowest SGR value was
obtained in the treatment exposed at 22 °C (0.63 + 0.07). Similarly, RGR and DGR also
differed with temperature variations and significant variations were observed among the
treatments used (p < 0.05, Table 2). The highest RGR and DGR were found in the 30 °C
treated group (101.32 £ 6.99 and 113.00 £ 19.59, respectively), whereas the lowest RGR
was at 34 °C (45.99 + 5.81) and DGR (40.53 + 9.49) was found at 22 °C.

3.3. Hematological Indices

The one-way ANOVA analysis revealed that the experimental temperatures had a
notable impact on different hematological parameters (Figure 3, p < 0.05). RBC, HGB, PLT,
HCT and PMV levels were significantly higher (p < 0.05) in groups 30 °C with respect to
other groups. Nonetheless, the level of WBCs (x10? /L) followed the opposite trend with
the RBCs and HGB throughout the experiment clearly indicating cold and heat shock stress.
The MCH value dropped in hypochromic anemia due to a decrease in cell hemoglobin.
Nonetheless, the MCH rose in the macrocytic state.

Figure 4 displays the computed biochemical parameters regarding temperature im-
pacts. In the present study, the glucose, triglycerides and HCOj levels were not affected
by temperature change significantly (p > 0.05). Cholesterol, AP, Calcium and HDL levels
showed higher values at 30 °C with respect to other temperature groups (p < 0.05). How-
ever, values of total serum proteins, albumin, Na*, K*, C1~, AST, bilirubin, uric acid, and
LDL increased significantly from the threshold level indicating that the fish suffered from
stress. Changes in the differences in total protein show changes in the relative protein
fractions. Albumin showed a similar trend, increasing by more than 100% from the lowest
at 34 °C representing the main contributor to rising levels of total proteins. The one-way
ANOVA analysis proved that the change in the rearing temperature had a significant effect
on all the biochemical parameters except glucose, triglycerides and HCOj3 (p < 0.05).
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Figure 4. Effects of temperature fluctuations on the biochemical responses of B. gonionotus reared for
60 days (a) glucose, (b) triglycerides, (c) cholesterol, (d) total protein, (e) serum albumin, (f) HCO3
(TCO3), (g) Na*, (h) K*, (i) C17, (j) AP, (k) AST, (1) serum creatinine, (m) bilirubin, (n) uric acid,
(o) Ca*, (p) HDL, (q) LDL, (r) HDL/LDL ratio. Within the same subfigure, the bars indicated by

different letters are significantly different (p < 0.05).

3.4. Pepsin Enzyme Activity

The relation between pepsin activity measured at four distinct exposure temperatures

is displayed in Figure 5. Pepsin activities were measured at temperature profiles between 22
and 34 °C. Pepsin enzymatic activity showed a profile that increased from 22 °C to 30° and
differed significantly (p < 0.05). In general, the ideal temperature for pepsin activity in the
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gut of B. gonionotus was observed at 30° (Figure 5). Fish fed commercial pellet diets showed
an increased profile of pepsin enzymatic activity from 22 °C (0.78 + 0.08 U mg protein~!)
to 30 °C (2.90 + 0.09 U mg protein~!) and differed significantly (p < 0.05). No significant
effect was recorded at 22 and 34 °C (p > 0.05). Conversely, digestive tract weight showed
an opposite trend of pepsin activity where the tract weight at 22 and 34 °C significantly
increased from 26 and 30 °C (p < 0.05).
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Figure 5. Pepsin enzymatic activities of B. gonionotus at different temperatures (a) pepsin activity,
(b) Ips, (c) digestive tract weight. Within the same subfigure, the bars with different letters are
significantly different (p < 0.05).

Figure 6 illustrates the correlation between the pepsin enzyme activity and the diges-
tive somatic index (Ipg) in the digestive tract of B. gonionotus. The link between Ipg and
pepsin enzyme activity was determined using a polynomial cubic model (r* = 0.98), which
showed a negative association between the two. Specifically, the temperature at which
the pepsin activity was maximum was 30 °C. At the same temperature, the Ipg value was
lowest and the pepsin enzyme activities decreased as the Ipg increased. Pepsin activity was
at its lowest and the Ipg value was at its highest at 22 °C (Figure 6).

y =100.51 — 29.91x + 3.00x° — 0.10x°
35 + r*=0.98

25 + \

20 + y

1.0 + '

Pepsin activity (U mg protein_l)

0.5 — 1 T T T T T T T T T T
6 7 8 9 10 11 12 13

Digestive somatic index (Ipg)

Figure 6. Correlation between digestive somatic index and specific pepsin activity in the gut contents
of B. gonionotus at different temperatures. Values are means & SE.

3.5. Gill Histology

In-depth alterations in the gill tissues of fish subjected to various treatments were seen
during the histological examinations (Figure 7, Table 3). At temperatures of 26 °C and
30 °C (Figure 7b,c), the gill tissues exhibited the typical well-formed primary and secondary
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lamellae. Primary lamellae (PL) are the initial structures involved in gas exchange, and
secondary lamellae (SL) increase the surface area for more efficient gas exchange. The
presence of well-formed lamellae indicates normal functioning and healthy gill tissues in
these temperature groups. However, at temperatures of 22 °C and 34 °C (Figure 7a,d),
the gill tissues showed distinct signs of damage. Branchitis is predominantly observed,
combined with gill vascular lesions, and swelling in the secondary lamellar epithelium
(Figure 7a,d). Hemorrhagic talengiactasis, consisting of extensive fibroplasia with histi-
ocytic inflammatory cell infiltration, are dominant in secondary lamellae (Figure 7a,d).
Clubbing which is the joining of gill filaments together has been seen in the primary and
secondary gill lamellae (Figure 7a,c). In the base of the gill filament, swelling of the tissue
and occasional disruption of the lamellae (broken or detachment) or degeneration is also
present in primary and secondary gill lamellae (Figure 7b).

Figure 7. Comparative microphotographs indicating the differences in the structures of gills lamellae
of B. gonionotus acclimated to different temperatures ((a) 22 °C; (b) 26 °C; (c) 30 °C; (d) 34 °C).
(a) consists of numerous talengiactasis (Tg) with hyperplasia and hypertrophy in the primary and
secondary gill lamellae; clubbing (Cl) and detachment of in the SL (DSL); (b) consists of regular and
symmetrical structure PL and SL with few abnormalities like occasional hemorrhage in base of PL
and talengiactasis in the top of PL; (c) detachment of the PL from the base and SL, occasional clubbing
and hemorrhage have been observed and (d) loss of normal structure, clubbing and talengiactesis
were frequent. Scale bar: 200 um; Stain: H & E.

Table 3. The histopathological changes in B. gonionotus gills exposed to different temperatures.

Temperature (°C)

Type of Abnormality P " ” ”
Clubbing +++ ++ ++ +++
Hypertrophy ++ 0 + +
Hyperplasia + 0 + +
Telangiectasis 4+ ++ ++ ++
Degeneration or detachment of SL + + ++ +
Inflammatory cell infiltration +++ ++ + ++

Note: 0 absent, + present at low frequency, ++ present at moderate frequency, +++ present at high frequency.
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4. Discussion

As with all vertebrates, stress is the overall physiological reaction of fish to hazardous
events [46]. This is a response to circumstances that are outside the ranges that are ideal
for typical homeostatic responses, resulting in a disrupted state where regular regulatory
adjustments are adequate. One of the environmental factors that has the most direct and
significant impact on the numerous physiological processes of fish is water temperature.
Each species of fish has a comfortable operating temperature range, and variations outside
of this range cause stress and interfere with daily activity [47]. In the present study, we
examined the effect of temperature on fish growth, hemato-biochemical responses, enzy-
matic activity, and gills structure of B. gonionotus. When the temperature was raised to the
ideal level, fish performed better. Overall, the growth rate was highest in groups reared at
30 °C (Table 2). The experimental findings suggested that B. gonionotus can adapt to gradual
increases in temperature. The fish did not suffer any adverse consequences, including
irreparable damage, loss of balance, halting of breathing, or decreased food intake, while the
temperature was maintained between 26 °C and 30 °C. This range of temperatures guaran-
teed the fish’s normal behavior and excellent survival rate. There was a significant decrease
in food consumption when the water temperature was between 30 and 22 °C. The FCR
values were notably lower in the group kept at 30 °C. When the temperature deviates from
the optimal range, both FC decreases and FCR increases due to the impact on feed intake,
food digestion time, and enzyme activity [14,48-50], and these findings might explain why
we obtained satisfactory values for FC and FCR at 30 °C in our experiment. Our results were
consistent with the observation for the Malabar blood snapper, which exhibited satisfactory
FCR values at 26 and 30 °C [13,51]. Moreovert, they noted that the FCE reached its maximum
at 30 °C, indicating that the ideal temperature for FCE dropped with diet from 30 to 22 °C
and from 30 to 34 °C. In Lates calcarifer, Katersky and Carter [52] demonstrated that SGR
peaked between 33 and 36 °C, with no discernible change observed when the temperature
was raised from 27 to 36 °C. When the temperature rose above 36 °C, they also discovered a
decrease in growth efficiency. We observed that 26 to 30 °C is an appropriate temperature
range for growth. The enhanced growth observed upon reaching the optimal temperature
is consistent with earlier research conducted on Atlantic salmon [53]. Previous research
has also documented a relationship between the growth rate and water temperature when
there is free access to food [54,55]. Furthermore, the equilibrium between energy intake and
expenditure determines the growth rate of fish, and temperature has an impact on both
variables [56].

Fish’s hematological parameters are altered by stress, with subsequent effects on a va-
riety of physiological systems [57-59]. According to the findings, most of the hematological
parameters of B. gonionotus that were examined were significantly impacted by varying
degrees of temperature fluctuations. The investigation’s findings demonstrated that B.
gonionotus blood parameters were dramatically affected by low and high temperatures. The
MCYV increased while the RBC, HGB, PLT, HCT, MCH, and MCHC content significantly
reduced. The values observed in this experiment are consistent with those found by Rham-
dia and de Moraes [60] and Lermen et al. [61] who studied the hematologic characteristics
of Rhamdia quelen. The crucian carp (Carassius carassius) treated at higher temperatures
showed similar results [62]. The specific responses of fish to high temperature stress vary
significantly depending on the species and the length of exposure as well as the species’
capacity for adaptation. Fish hematological profiles are altered by temperature fluctuations
that are either above or below the ideal range which can result in hypoxia or anoxia [63,64].
According to Cech and Brauner [65], increased temperature reduces the solubility of oxygen
in water, which results in oxygen deficiency in fish. According to Francis-Floyd et al. [66],
fluctuating temperature also changes the dynamics of ammonia in the culture system in
favor of unionized ammonia, which is poisonous and “causes stress and damages gills and
other tissues, even in small amounts”. WBC level is a recognized indicator of fish health
and is essential to enhance innate immunity or nonspecific immunity [22,67]. During the
study, the WBC content in the current study considerably rose at the higher and lower
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temperature regimes (22 and 34 °C), potentially promoting antibody formation in response
to a stressful environment.

Biochemical parameters of serum are considered as a dependable diagnostic tool for
examining the health and nutritional condition of fish [68-70]. The serum biochemistry
values differ among species and can be impacted by several biotic and abiotic elements,
including food, age, sex of the fish, and water temperature [71]. The levels of alkaline
phosphatase, albumin, globulin, A/G ratio, and total plasma protein in the B. gonionotus
under study were comparable to those reported by Tavares-Dias et al. [72]. Although the
data pertain to fish from tropical places where the temperature was steady throughout the
year, these fluctuations may be linked to temperature changes that may have an impact
on the biochemical blood levels [73]. The varying biochemical metabolism in different
seasons may be the cause of the differences in the biochemical blood parameters [73,74].
Although the potential significance of serum protein as a fuel source for tissues during
osmotic acclimation has not yet been explored, it might be associated with a metabolic
reallocation of energy resources following the mobilization of carbohydrate storage. Fish
cardiomyocytes and hepatocytes contain the majority of AST and ALT, which are key
components of protein metabolism. Blood transaminase activity will rise because of the
release of AST and ALT into the bloodstream caused by injury to or an increase in the
permeability of liver and heart cells. Fish health status can thus be tracked using the serum
AST and ALT activity [75]. The current study found that although there was a considerable
variation in the AST and ALT values at different temperature levels, the values remained
within the normal range, suggesting that the fish were in normal condition. To fill up the
gaps in our understanding of this B. gonionotus, further research on a vast number of fish
populations during various seasons, ages, sexes, and environmental conditions is necessary,
as evidenced by the diversity in hematological and biochemical parameters found in
this study.

For comparison research, figuring out the ideal temperature for enzyme activity could
be interesting. Temperature changes typically have a significant impact on an enzyme’s
ability to catalyze reactions. According to reports, many species’” maximum protease
activity can occur in a wide temperature range, between 30 and 60 °C [76]. The surrounding
temperature and the temperature inside the fish gut lumen are closely related. Thus, the
temperature of the water has a variety of effects on fish digestion. The findings of the
experiment examining the impact of temperature on pepsin enzyme activity indicated that
pepsin functioned optimally at 30 °C. The temperature dropped to 22 °C, which caused
a significant drop in enzyme activity. Turbot and redfish maintained almost half of the
activity at low temperatures (5 °C). In contrast, seabream had less than 3.5 times this activity
(p < 0.001) at the same temperature [77]. Since the structure of a protein is determined
by its chemical bonds, the activity of the enzyme catalyzing a reaction would be affected
or would decline [78]. When the temperature is raised from lower to higher, the enzyme
activity rate is high because the more quickly molecules move, the more often substrates
clash with the active sites on the enzyme [78]. The optimum pepsin activity at 30 °C in
B. gonionotus gut reveals that the ideal temperature for the enzymes was higher than the
environmental temperature; still, the findings from research on other fishes support this
phenomenon [13,79,80]. Research has indicated that a drop in ambient temperature may
have an adverse effect on fish’s capacity to hydrolyze food.

The gastrointestinal regions undergo morphological changes because of temperature
adaptation. In colder and warmer weather, the Ips tended to be greater and recovered its
initial levels when exposed to favorable conditions. Fish that have adapted to both cold and
hot temperatures have larger guts, as seen by the increase in the unaltered cylinder surface
area. These fish species have developed villi that are noticeably wider and taller than those
of fish that have adjusted to the ideal temperature in the cold [81]. Comparable findings
have also been described for Acipenser transmontanus, Acipenser naccarii, Oncorhynchus
mykiss and Salmo salar L. 1758 [13,82-84]. The current findings demonstrated a relationship
between stomach weight and development rate via absorption capacity. According to
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Bélanger et al. [85] and Mazumder et al. [13], the Ipg of fish subjected to 26 and 30 °C was
lower than that of fish exposed to lower and higher temperatures (22 and 34 °C). When
fish species were fed less food, pepsin activity rose significantly in both low and high
temperature exposure situations, exhibiting a tendency that was opposite to that of Ipg.
This is corroborated by an in-situ investigation conducted by Fu et al. [86], which found
that from June to July, in A. japonicas pepsin-like activity increased considerably (fishes
consuming less food or none at all). Moreover, Gao [87] discovered that deep estimation
caused a surge in pepsin activity.

Fish gills are the key organs that are directly involved in metabolic processes [88,89].
The part of fish that comes into touch with water the most is the gill, which is sensitive to
changes in the aquatic environment, including temperature. In addition to harming the
gill organs, exposure to extreme temperatures impairs respiration [90,91]. In the present
study, the histological examination revealed that B. gonionotus exposed to temperatures
of 22 °C and 34 °C experienced significant alterations in their gill tissues, specifically in
the form of splitting and shrinking lamellae. In contrast, fish exposed to 26 °C and 30 °C
showed normal and healthy gill tissues with well-formed primary and secondary lamellae.
Gill lamellae splitting and shrinking could negatively impact gas exchange efficiency and
overall gill function [72]. The presence of well-formed lamellae suggests that the fish in
these temperature groups are experiencing minimal stress, and their gills are efficiently
performing their role in gas exchange as the fish gill is a multipurpose organ for aquatic gas
exchange following Evans et al. [92]. At suboptimal temperatures of 22 °C, the gill tissues
showed signs of lamellae splitting and shrinking. Lamellae splitting and shrinking can
reduce the surface area available for gas exchange, potentially affecting the fish’s respiratory
efficiency. On the other hand, at a higher temperature of 34 °C, similar signs of lamellae
splitting and shrinking were observed. Amir et al. [90] also subjected hybrid catfish to three
different temperatures and observed skin darkening in fish acclimated with increasing
temperatures. They discovered that fish acclimated to 37 °C had thicker epithelial layers,
and they recommended maintaining the ideal temperature in the aquaculture environment
to avoid physiological harm to the fish as well as decreased growth and productivity. These
results have ramifications for our knowledge of fish physiological responses to temperature
changes. They highlight the importance of maintaining suitable temperature conditions in
aquatic environments to ensure the well-being and optimal functioning of fish gills, which
are critical for their survival and adaptation to changing environmental conditions. This
finding is also supported by Saber [93] who investigated the gill tissues of common carp
Cyprinus carpio L. where gill sections of this fish species showed marked histological lesions
during low and high temperatures, and by Zaman et al. [94] who investigated liver and
kidney of Puntias sarana and found numerous histopathological changes.

5. Conclusions

The main findings of this study focused on the growth performances, hemo-biochemical
reactions, enzymatic activity, and gills structural alterations of B. gonionotus under diverse
temperature ranges encountered in natural conditions. The results of this study show that
B. gonionotus should be cultured at 30 °C since this temperature promotes the enhanced
enzymatic activity that results in a quicker digesting process and, eventually, a faster
growth rate of this economically significant fish species. Changes in blood characteristics
are significant indicators in tracking the management of fish physiology, as shown by
differences in hemo-biochemical parameters because of various temperature management
strategies. These results suggest that temperature plays a crucial role in influencing the
structural integrity and function of gill tissues in B. gonionotus. A quantitative histological
study revealed that fish exposed to 26 °C and 30 °C showed normal and healthy gill tissues
with well-formed primary and secondary lamellae. We can draw the conclusion that the
information at hand can help to explain how B. gonionotus is able to withstand a wide range
of ambient temperatures.
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