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ARTICLE INFO ABSTRACT

Avrticle History: Diet quality has an important effect on the living organism’s physiological
Received: Nov. 19,2023  biomarkers. This study aimed to investigate the modulation of the immune
Accepted: Dec. 5, 2023 response and oxidative stress of Clarias gariepinus by the florfenicol (FFC) and
Online: Dec. 23, 2023 nanocurcumin (NCur) as feed additives. Moreover, the ameliorative effects of
NCur against FFC toxicity were assessed. Blood and serum biochemical

parameters and histopathology of spleen and anterior kidney biopsies were
examined after feeding. Four diet variants were formulated and used to feed the
fish for 15 successive days; a basal (control), NCur, FFC and FFC combined with
NCur. The results revealed that the FFC diet significantly reduced the
hematological indices and induced changes in erythrocyte morphology, whereas
leucocytes and mean corpuscular volume (MCV), and mean corpuscular
hemoglobin (MCH) increased significantly. FFC significantly decreased
superoxide dismutase (SOD), glutathione reductase (GSH), catalase (CAT), and
immunoglobulin (1g) levels and significantly increased malondialdehyde (MDA).
Combination feeding of NCur and FFC restored some of the hematological
changes, immune status, and minimized the oxidative damage induced by FFC.
Additionally, it improved the histological aberrations observed in the fish spleen
and anterior kidney. The current study revealed that NCur can be utilized as an
ameliorative feed to reduce FFC-induced damage in catfish.
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INTRODUCTION

In recent years, the number of studies examining how drugs affect the aquatic
environment has increased. Due to the difficulties of contemporary aquaculture, the use of
antibiotics is a necessary component. The antibiotics that have been licensed for use in
aquaculture recently included FFC (USFWS, 2015). FFC is a broad-spectrum antibiotic that
structurally related to the antibiotics chloramphenicol (CA) and thiamphenicol (TA) (Moore,
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2007). Due to its high lipophilicity, it can treat intracellular infections and pass through
various anatomical barriers (penetration across the blood) by providing concentrations that
are high enough (Papich, 2016). Moreover, attributed to its broad spectrum of activity
against Gram-positive and Gram-negative bacteria, including Aeromonas salmonicida, A.
hydrophyla, Vibrio anguillarum, Yersinia ruckeri, and Flavobacterium psychrophilum, FFC
has been frequently utilized to treat fish illnesses (Carraschi et al., 2011).

Despite the advantages of using antibiotics like FFC in fish production, problems have
been linked to their use, including the immunosuppression, growth restriction, the emergence
of bacterial species that are resistant to antibiotics, and environmental problems such as drug
residues (Saglam & Yonar, 2009; Tapia-Paniagua et al., 2015). According to studies by
Zaki et al. (2011) and Oliveira et al. (2013), FFC demonstrated immunotoxicity to aquatic
organisms by inducing oxidative damage and triggering the generation of reactive oxygen
species (ROS). Excessive ROS can result in enzyme inactivation, such as SOD, CAT, and
glutathione peroxidase (GPx) in addition to oxidative damage as lipid peroxidation (LPO)
(Ray et al., 2012).

Additionally, multiple studies (Kori-Siakpere et al., 2010; Reda et al., 2013) have
shown that long-term histopathological alterations in fish tissues treated with antibiotics are
produced by biochemical factors. Cultured Oreochromis niloticus kept on oxytetracycline
and FFC-supplemented diet showed variations in immunoglobulin M activities, showing that
antibiotic residues have varied effects on immune, liver, and kidney functions (Reda et al.,
2013). In light of this, a key mechanism determining the toxicity of various antibiotics
(Kladna et al., 2012) and FFC (Ren et al., 2014) appears to be associated to a modification
in antioxidant defenses brought on by ROS accumulation.

According to Lestari and Indrayanto (2014), curcumin is the primary bioactive
component of Curcuma longa rhizomes and accounts for 77% of the curcuminoids found in
turmeric. In this respect, Amalraj et al. (2017) reported that curcumin has a number of
biological benefits, including anti-inflammatory, anti-oxidant, and anti-microbial actions. In
comparison to traditional bulk curcumin, curcumin in nanoparticle form exhibits an improved
aqueous medium dispersion and absorption (Moniruzzaman & Min, 2020). We predicted
that curcumin would help alleviate antibiotic-related negative indicators affecting our
targeted fish based on these qualities. According to many researchers (Abdel-Tawwab et al.,
2021; Moghadam et al., 2021), nano-sized feed additives increase the performance and
welfare status of a variety of fish species. Therefore, the aim of the present study was to
investigate the effects of FFC antibiotic and NCur as feed additives for C. gariepinus and
clarify the ameliorative effect of NCur against FFC toxicity. The influence of such additives
on the hematologic parameters, non-specific immune response, oxidative stress of C.
gariepinus, and their histopathological effects were evaluated.
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MATERIALS AND METHODS

Preparation of florfenicol diet

Florfenicol, a common antibiotic in aquaculture, was obtained from Arabcomed,
Marcyrl Pharmaceutical Industries, Egypt. FFC was used as an additive in the fish diet at a
dose (30mg/ kg biomass) of fish biomass per day. The dose of FFC used in this experiment
were prepared, following the guildelines outlined by Mansour et al. (2023).
Preparation of curcumin nanoparticles

Curcumin powder was obtained from SD-fine Chemicals Limited (SDFCL, India) and
was characterized to be in a nano form by using the method mentioned by Mansour et al.
(2023) to obtain 150ppm of NCur.

Experimental protocol

Four different diets, representing 4 diet experimental groups, were prepared. A control
group was fed on basal diet that was obtained from Skretting Company, Egypt. The three
other diets were formulated as a nanocurcumin (NCur) diet (basal diet with 150ppm of
NCur), florfenicol (FFC) diet (basal diet with 30mg/ kg biomass of FFC), and FFC + NCur
(basal diet with 30mg/ Kg biomass of FFC and 150ppm of NCur). All steps of this
experiment were reviewed and approved by the Research Ethics Committee of the Faculty of
Veterinary Medicine at South Valley University with the approval number (No.
44/06.09.2022). A live catfish, C. gariepinus (150.7+ 4.6g) was purchased from a private fish
farm and transported to the Fish Diseases Department Wet Lab., Faculty of Veterinary
Medicine, South Valley University. The fish were acclimated to the laboratory conditions for
2 weeks in 600L tank. Moreover, the experiment was done using fourty eight catfish, C.
gariepinus, which were divided into 4 tanks (six fish per tank) in duplicate. Each group,
consisting of 12 fish, was fed ad libitum with the designated diet once a day for 15 successive
days. Throughout the experiment, the temperature was maintained at 26t 0.5°C and the
dissolved oxygen level was determined at 7.5+ 0.4 mg/ |, while the pH levels were 7.5+ 0.3.
Blood analysis

After the blood samples collection on EDTA, routine hematological analyses were
manually carried out, according to the method outlined by Bates and Carter (2017). The
analyses included: 1) Red blood cells (RBCs) parameters such as RBCs count (10% mm?),
hemoglobin (Hb) concentration (g/ dl), hematocrit value (HCT, %), mean corpuscular volume
(MCV, um?), mean corpuscular hemoglobin (MCH, pg) and mean corpuscular hemoglobin
concentration (MCHC, %), and 2) white blood cells count (WBCs). For RBCs and WBCs
counts, anticoagulated blood was diluted at a ration of 1: 200 using Natt-Herrick solution in
diluting pipette. The mixture was well mixed, and a drop was placed on the counting area of
clean and dry Neubauer hemocytometer, which was covered with a cover slide. After
allowing the cells to settle, RBCs were counted in 5 secondary squares. The final cells count
(N) was multiplied by 10000 to obtain RBCs count (108 mm?). For WBCs, anticoagulated
blood was diluted 1: 20 using WBCs diluting pipette. Afterward, WBCs were counted in
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primary squares, and the final number (N) was multiplied by 50 to obtain WBCs count (10%/
mm?3). Hb concentration was determined by using cyanmethemoglobin technique.
Additionally, HCT was carried out by utlizing microhematocrit method using
microhematocrit tubes and centrifuge, according to outlines of Adebayo et al. (2007). All
erythrocytes indices were calculated using the method of Lavanya et al. (2011).

Furthermore, one drop of fresh anticoagulated blood was smeared on a dry and clean
glass slide, dried, and fixed for 5Smin using absolute methanol. The smear was then stained by
Hematoxylin and Eosin (H&E) stain for monitoring abnormalities in blood cells.

Estimation of oxidative stress parameters and immune assay

The activities of CAT and SOD were determined by using local reagent kits purchased
from Biodiagnostic, Giza, Egypt. The serum GSH was calculated using the
spectrophotometric technique described by Beutler et al. (1963). Moreover, the test was
carried out in accordance with the reagent kit instructions that were acquired from
Biodiagnostic, Egypt. Serum Ig was conducted using the ELISA technique (Dynatech
Microplate Reader Model MR 5000). Determination of MDA was performed, following the
technique of Ruiz-Larrea et al. (1994); the technique is based on the reaction with
thiobarbituric acid (TBA), which gives a pink complex that is actually measured
photometrically. Serum Ig was quantified using reagent kits (SG-10057) acquired from
SinoGeneClon Biotech Co., Ltd., No. 9 BoYuan Road, YuHang District 311112, Hang Zhou,
China.
Histopathology

Fresh tissues from the spleen and anterior kidney were extracted and fixed in 10%
neutral buffered formalin. Histological sections were monitored, as outlined by Carleton
(1980). Photomicrographs of sections stained with H&E and Periodic Acid-Schiff (PAS)
stain to detect mucopolysaccharides and glycogen content that were examined under
microscope and imaged.

Statistical analysis

The obtained data were written as a mean £ SEM and were analyzed through ANOVA.
TUKEYSs Post-Hoc test was employed for comparison between groups. The difference was
accepted as a significant when P< 0.05. Statistical analyses were executed using (IBM-
SPSS) program Version: 21.

RESULTS

1. Haematological parameters
The hematological parameters in control and treated fish are presented in Table (1). Fish

fed on NCur diet showed insignificant increase in RBCs count, Hb, and HCT compared to the
control group. However, those fed on FFC diet disclosed a significant decrease in the same
three parameters. The deterioration in RBCs count and Hb was ameliorated by NCur when
combined with FFC and only recovered around the control level. Regarding erythrocyte
indices, MCV, and MCH increased significantly after feeding on FFC diet and rescued after
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combination with NCur. WBCs showed a significant increase in FFC group, compared to the
control group, while recovering to the control level in the FFC + NCur group.
2. Erythrocyte morphological changes

The blood smears of both control and NCur groups showed erythrocytes with normal
shape and structure (Fig. 1A, B). RBCs of the C. gariepinus fed on FFC diets revealed
variations in shape, and these morphological changes are described in Fig. (1C). Furthermore,
in fish fed on FFC and NCur, the RBCs showed improvement with some alterations (Fig.
1D).
3. Antioxidant and immunity biomarkers

The activities of SOD, GSH and CAT in the serum sample of four different diets are

shown in Fig. (2A, B, C). The FFC diet revealed significant effects on SOD, GSH and CAT
activities, represented in their decrease compared to the control and NCur groups. Feeding
NCur + FFC diet restored significantly the decreased GSH level to be as NCur group level.
The decreased SOD activity was insignificantly increased when the catfish specimens were
fed a combination of NCur and FFC, while CAT antioxidant in fish feeding NCur + FFC diet
coudn’t restore the CAT level. In lipid peroxidation that is represented by the MDA level,
FFC treated group showed a significant increase in comparison to the control, as shown in
Fig. (2D). Feeding NCur + FFC diet showed significant effect on the MDA level. Analysis of
serum Ig showed a significant decrease in FFC treated group, as shown in Fig. (2E). Feeding
NCur with FFC significantly restored the serum Ig level near to the control group.
Additionally, NCur group showed a significant decrease in serum Ig level in comparison to
the control group.
4. Histopathology

Microscopic findings

The microscopic findings in the present study exhibited remarked histological alterations
induced after FFC administration at a high dose, compared with those findings in combined
treated groups, which attenuated by NCur administration, as shown in Table (2).

Hematoxylin and eosin (H&E) stain
Spleen
The light microscopy of control spleen illustrated normal arrangement of the splenic

pulps fundamentally composed of white and red pulps (Fig. 3A). In the footsteps of the
control group, NCur-treated fish demonstrated normal histological arrangement of the splenic
pulps (Fig. 3B). In FFC group, depletion of the lymphoid follicles was severely conducted in
addition to the thrombotic vasculitis of the blood vessels (Fig. 3C). Meanwhile, FFC + NCur
group suffered from mild lymphoid depletion of the white pulps, besides congested and
thickened blood vessels (Fig. 3D).

Anterior kidney
Light microscopy of the anterior kidney of the control group illustrated intact nephritic

tubules with healthy hematopoietic tissues (Fig. 4A). Likewise, the NCur group manifested
intact tubular epithelium and lymphoid tissues (Fig. 4B). Necrosis with cytoplasmic
vacuolation of the nephritic tubules, and severe dilatation and congestion of the renal blood
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vessels in FFC group are displayed in Fig. (4C). The FFC + NCur group afforded
degenerative changes and cytoplasmic vacuolation of the renal tubules (Fig. 4D).
Periodic Acid Schiff (PAS)

Spleen

Periodic Acid Schiff (PAS) stained spleen section of the control and NCur groups
revealed heavily distributed glycogen content expressed by marked red staining (Fig. 5A, B).
On the other hand, examination of splenic tissues of FFC group exhibited decrement in its
glycogen content with pale stain color (Fig. 5C). With respect to FFC + NCur, it showed a
moderate degree of glycogen content of splenic pulps with darkish red coloration (Fig. 5D).

Anterior kidney

Periodic Acid Schiff (PAS) stained renal section of the control catfish revealed normally
expressed glycogen with deep red coloration (Fig. 6A). Similiarly, the NCur fish group
manifested piercing infiltration of polysaccharides (Fig. 6B). Contrariwise, the histological
section of the anterior kidney of FFC group appeared weakly red colored (Fig. 6C).
Regarding the combination of FFC & NCur, it showed moderate glycogen content of
moderate red coloration (Fig. 6D).

Table 1. The effect of four different diets used to feed catfish for 15 successive days on blood
parameters

Parameter Control NCur FFC FFC + NCur
Treatments
RBCs (Million/ mm?) 2.9+ .072 3.02+ .13 2.3+ .06°" 2.8+ .07?
Hb (g/ dl) 7.9+ .082 8.2+ .122 7.07+ .08° 7.8+ .06°
HCT (%) 29.1+ 0.06% 29.3+0.12 26.5+ 0.16° 28.7+0.17°
MCV (um3) 100.6+ 2.22 97.4+ 3.77 111.6+ 2.5° 104.3+ 1.8?
MCH (Pg) 27.3+ .42 27.2+0.72 29.8+ 0.5 28.6+ .042
MCHC (%) 27.1+£ 0.3 27.9+ 0.42 26.7+0.2¢ 27.4+ 0.062
WBCs (Thousands/ mm?) 32.2+ 0.8 34.4+ 0.4 36.8+ 1° 321+ 12

The data represent the average of two experiments; data are presented as Means + SEM (N= 4).
Different letters in the same raw indicate significant difference at P< 0.05. NCur: Nanocurcumin (150ppm),
FFC: Florfenicol (30mg/ kg biomass), RBCs: Red blood cells, Hb: Hemoglobin, Hct: Hematocrit, MCV: Mean
corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin
concentration, WBCs: White blood cells, Lym: Lymphocytes, and Mono: Monocytes.
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Fig. 1. H&E-stained blood smears of catfish fed on four different diets showing normal
erythrocytes in control and NCur groups (A&B); Deformed erythrocytes in FFC group
(C), Deformed erythrocytes in FFC + NCur group (D). Tr: Tear-drop cell, Cr: Crenated
cell, Va: Vacuolated cells, Ecn: Eccentric nucleus, and Elip: Elliptocyte
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Fig. 2. The effect of four different diets used to feed catfish on serum antioxidant and
immune parameters showing: (A) SOD, (B) GSH, (C): CAT, (D) MDA, and (E) Ig. The data
are presented as Means + SEM (N= 4). Bars with different letters indicate significant
difference at P< 0.05
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Table 2. Histopathological scoring of anterior kidney and spleen of catfish fed on four
different diets for 15 successive days

FFC

: , . Groups Control | NCur FFC +

Histological lesion
NCur

Anterior kidney
Necrosis of renal tubules - - +++ ++
Depletion of hematopoietic tissues - - +++ ++
Cytoplasm_lc vacuolation and i 4 et r
Degeneration of renal tubules
Glycogen content +++ +++ + +
!—|e_morrhage with erythrocytes + N ot r
infiltration
Perivascular lymphocytes infiltration - - +++ +
Thickening of blood vessels - + +++ +
Spleen
Lymphoid depletion of white pulp and i i et r
hematopoietic tissues
Glycogen content +++ +++ + ++
Hemorrhage of red pulp + + +++ +
Melanomacrophages infiltration + - ++ ++
Thickening and congestion of the i i ot r
blood vessels

Score: absent (-), mild (+), moderate (++) and severe (+++). NCur: Nanocurcumin (150ppm), FFC: Florfenicol
(30mg/ kg biomass).
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Fig. 3. H&E-stained transverse sections of the spleen of catfish fed on four different diets
showing: (A) Control group showing normal architecture of splenic pulps, (B) NCur group
showing healthy white and red pulps, (C) FFC group showing thrombotic vasculitis, and (D)
FFC + NCur group showing moderate degree of congested and thickened blood vessels
(arrow), besides lymphoid depletion (star). Scale bar = 50 & 200um
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Fig. 4. H&E-stained transverse sections of the anterior kidney of catfish fed on four
different diets showing: (A) Control group showing intact hematopoietic tissues
(arrow) and nephritic tubules (star), (B) NCur group showing normal hematopoietic
tissues, (C) FFC group showing severe congestion and dilatation of the renal blood
vessels, and (D) FFC + NCur group showing degeneration with cytoplasmic
vacuolation of the renal tubules. Scale bar = 50 & 200pm
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Fig. 5. Light photomicrograph of transverse sections stained with PAS of the spleen of catfish fed
on four different diets showing: (A) Control group showing sharp distributed glycogen; (B) NCur
group showing deeply stained red color of the glycogen; (C) FFC group showing depleted
glycogen content, and (D) FFC + NCur group showing moderate glycogen with moderate stained
red color. Scale bar= 50 & 200um

Fig. 6. Light photomicrograph of transverse sections stained with PAS of the anterior kidney of
catfish fed on four different diets showing: (A) Control group showing normal glycogen
distribution with darkish red color; (B) NCur group showing intense glycogen content; (C) FFC
group showing weak infiltration of the glycogen content, and (D) FFC + NCur group showing
moderate deposited glycogen content. Scale bar= 200um
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DISCUSSION

The prolonged abuse of FFC for treatment, prophylaxis, or as feed additives is
associated with dangerous side effects, including alterations of hematological parameters
(Cabello et al., 2013; Shah et al., 2016). The use of high dose of FFC in fish feed was
associated with a decrease in RBCs count, Hb concentration, and HCT%, in addition to
an elevation of MCV and MCH. The alteration of the previous parameters led to an
oxidative stress stimulating mitochondrial dysfunction (Kuter & Tillotson, 2001), which
resulted from the cytotoxic and genotoxic effect of FFC induced by chromosomal
disparities (Botelho et al., 2015). Furthermore, the high dose of FFC interfering the
erythropoiesis involves hemopoietic toxicity. Subsequently, it deteriorates the heme
synthesis in RBCs mitochondria (Abou-Khalil et al., 1987; Bardhan et al., 2022a).
Erythropoietin hormone secreted from the kidney is the key factor in erythropoiesis in the
bone marrow. It is reported that FFC has suppressive effect on erythropoietin hormones
by degenerative changes of renal tissue and atrophy of bone marrow, moreover this is
associated with an elevation of the iron-binding protein in the plasma, leading to the
decrease in the amount of iron that is incorporated in erythropoiesis (Hu et al., 2016).
The decrease in Hb level was due to anemia resulting from deficiency in oxygen supply
or due to the inhibition effect on the enzyme system which synthesizes Hb (Bardhan et
al., 2022a). Increasing in MCV and MCH values may be attributed to the presence of
many irregular and swollen erythrocytes (Bojarski & Witeska, 2020). In our study, FFC
group fish suffer from macrocytic hypochromic anemia due to a significant decrease in
Ht, Hb, and RBCs, in addition to a significant increase in MCV and MCH, as recorded by
Abubakar and Abdulsalami (2013) and Javed et al. (2016).

Undesirable effects of FFC extended to WBCs, with a high dose resulting in an
increase in total leukocytic count, possibly due to a reduction in the antioxidant levels by
FFC (Shiroma et al., 2020) or as a protective response against the effect of FFC
(Bardhan et al., 2022a). Blood cell alterations observed in the FFC-fed fish suggest a
cytotoxic effect of florfenicol. FFC reduces hemoglobin content, leading to a decrease in
oxygen-carrying capacity, and induces morphological changes in the membrane of red
blood cells (RBCs) (Botelho et al., 2015; Bardhan et al., 2022a). Additionally, oxidative
stress and lipid peroxidation in fish tissues may increase erythrocyte alterations
(Bardhan et al., 2022b). NCur can rescue the adverse effects when combined with FFC;
it improved the hematological parameters. This is attributed to the role of curcumin in
promoting erythropoiesis (Abdel-Tawwab et al., 2021). Dietary supplementation of
curcumin or NCur improved the hematological parameters and promoted the health of the
fish (Abdel-Tawwab et al., 2021).

The antioxidant system plays a significant role in immunity and health, and several
studies have found a beneficial correlation between the fish and shellfish immune
responses and antioxidant activity. ROS are transformed into less reactive forms by the
primary endogenous enzymes of this system, SOD, CAT, and GPx (Livingstone, 2001;
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Abdel-Tawwab & Wafeek, 2017; Hoseinifar et al., 2020). These enzymes protect the
cells from oxidative stress. Furthermore, lipid peroxidation produces MDA, which is a
sign of an oxidative damage to lipids (Ayala et al., 2014; Bradley-Whitman & Lovell,
2015). The use of antibiotics in aquaculture has beneficial advantages; however, their
inappropriate usage can also pose a number of risks and have negative consequences on
the fish, especially what concerns the cells and their oxidative stress. These antibiotics'
negative side effects are known to harm fish's immunological, circulatory, and metabolic
systems, as well as their growth and development (Yang et al., 2020).

In this study, we observed modulation of the antioxidant enzymes in FFC feeding
group represented by a lowering of the activity of SOD, GSH, CAT, in addition to a rise
in the level of MDA. Decrease in SOD may have led to a significant buildup of
superoxide anions. According to Kono and Fridovich (1982), higher hydrogen peroxide
(H202) levels might further reduce SOD activity. Oncorhynchus mykiss that received 7.5
and 15mg/ kg FFC for 10 days showed similar results of lowered SOD (Elia et al., 2016).
According to Chen et al. (2016), the oxidation of the sulfhydryl group by ROS to create
combining oxidized disulfide compounds may be the cause of the reduction in GSH
activity in C. gariepinus treated with FFC. According to Farombi (2001), the low
activities of CAT observed in C. gariepinus treated with FFC may be related to the
increase of H202 and hydroxyl radical-inducing oxidative stress.

The present study found a higher MDA activity, suggesting that FFC may indeed
cause hepatic oxidative stress. This was confirmed by the finding that tissue MDA levels
directly demonstrate lipid peroxidation brought on by free radicals or disordered lipid
metabolism (Jin et al., 2013). Serum Ig is a key element of the immune system and can
be extremely important in phagocytosis, opsonization, and in neutralizing harmful
pathogens (Cuesta et al., 2004; Magnadottir, 2010). In the current study, the decrease in
the level of Ig induced by FFC treatment is a vital indicator of fish immunity. Studies
have shown that FFC altered the antioxidant defense and immune response in Gadus
morhua (Caipang et al., 2009) and in Dicentrarchus labrax (Zhang et al., 2021).
Decline of Ig level in NCur group in the current study may be attributed to the
relationship between curcumin and immunoglobulin levels which is complex and not
fully understood (Lee et al., 2013; Cui et al., 2016). Previous study have shown that
curcumin can decrease Ig levels , while others have shown that it can increase Ig levels. It
is possible that the effect of curcumin on Ig levels depends on the individual and the
specific type of Ig. Overall, the evidence suggests that curcumin may have a complex
effect on Ig levels. Thus, more research is needed to determine the specific effects of
curcumin on different types of Ig and in different populations.

Feeding NCur to C. gariepinus dramatically increased GSH and Ig levels while
decreasing MDA as a reducing marker against FFC disorders. Curcumin's high
polyphenol content, which might prevent oxidative damage by scavenging ROS and
boosting GSH and Ig levels, may be responsible for its antioxidant capabilities. The
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higher level of Ig in FFC + NCur group than that recorded in FFC group is connected to
the activation of humoral immunity in C. gariepinus. NCur of >100mg/ kg feed improved
the non-specific immune response and antioxidant activity in the Nile tilapia under
temperature stress (EIl Basuini et al., 2022).

Histopathological findings recorded necrosis and cytoplasmic vacuolation of the
nephritic tubules, as well as depletion of the splenic tissues in FFC groups. Similar results
were discovered by Gaikowski et al. (2012), who observed cellular degeneration which
is distinguished by cytoplasmic vacuolation, besides the lymphoid depletion with
decreased number of tissue lymphocytes. Furthermore, we could say that the damaging
effect induced by FFC in fish was in turn of lipid peroxidation which is attributed to cell
damage associated with oxidative stress and cytotoxicity that excites a series of cell
components lesions (Wang et al., 2021). Earlier, elevated MDA level was noticeable in
fish species following FFC medication, which led to cellular oxidation and injury (Limbu
et al., 2018), and destroyed antioxidant enzymes system (Shiroma et al., 2020), which
probably disturbed and/or suppressed the FFC metabolism in the hepato-renal tissues. A
decrease in the lymphoid tissue of the spleen was predominantly owing to mature
lymphocytes damage resulting from concurrent exhaustion in necrobiotic changes and
proliferative process of blast cell. The basic effect associated with commitment
antibiotics toxicity on lymphoid tissues with compensatory increase in blast cells
differentiation in response to cellular damage, that is, lowered mature lymphocytes and
rise cell necrosis. Cell necrosis symbolizes primarily finding of cytotoxicity owing to
FFC therapy in the fish (Gaikowski et al., 2012). Phenicol antibiotic group could
suppress immune response of teleost fish, with FFC being able to combine in the kidney
and disturb cellular metabolism (Shuang et al., 2011). Taken together, the combination
of NCur and FFC ameliorated histological damages developed by FFC. The protective
properties of curcumin on the damaged kidney turned into its antioxidant and free radical
scavenging roles (Khan et al., 2019). Similarly, curcumin restored the histological
damage induced in the spleen by virtue of lead toxicity through its own
immunomodulatory, antioxidant, and gene-regulating characters (Emam et al., 2023).

CONCLUSION

High-dose florfenicol administration alters hematological indices, induces oxidative
damage, suppresses fish immunity, and can deteriorate the integrity of splenic and renal
tissues. This detrimental effect is significantly reversed by combining florfenicol with
nanocurcumin in the fish diet. Consequently, precautions must be taken, especially when
high concentrations of FFC are used in long-term treatments of C. gariepinus in
aquaculture.
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