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Influence of Giloy (Tinospora cordifolia) dietary supplementation on innate immunity, haematology and disease resistance to Aeromonas hydrophila infection, in Striped Catfish (Pangasianodon hypophthalmus) 

Abstract
[bookmark: _GoBack]The Striped catfish (Pangasianodon hypophthalmus) is a prominent inland fish species in the far Eastern Asia region, accounting for approximately 66.7% of total world catfish production in the year 2022-23. However, frequent disease outbreaks in Striped Catfish                                      (P. hypophthalmus) farming has led to heavy economical loss to the fish farmers. Hence, there is growing interest in utilizing herbal nutraceuticals as functional dietary additives in aquaculture to boost immune system of fish and prevent disease occurrence. Giloy (Tinospora cordifolia) has been observed to improve non-specific humoral immune response and disease resistance to fish pathogens in fish. In this regard, the current study was undertaken to evaluate the impact of  dietary supplementation of Giloy (T. cordifolia) on the haematology,  immune response and disease resistance of Striped catfish                                        (P. hypophthalmus) against Aeromonas hydrophila infection. A basal feed containing 30% protein was used for all the treatments, with Giloy incorporated at the concentrations of 1% (T1), 1.5% (T2) and 2% (T3), along with a control group (T0) without any Giloy supplementation. Significantly higher values for various haematological parameters of RBC, WBC, Platelet, Hb, Hct, MCV, MCH and MCHC were observed in treatment T3 when compared to the other treatments T2, T1 and the control in pre-challenge as well as post-challenge studies (p<0.05). Following the A. hydrophila challenge, a significant decline in values was observed in haematological parameters across all groups including the control when compared to pre-challenge values, which is likely due to internal haemolysis caused by the bacterial infection. Studies on post-challenge immunological parameters revealed significantly higher (p<0.05) Respiratory Burst Activity (2.03±0.029 U/ml) and Lysozyme Activity (3.72±0.018×103 U/ml) in the treatment group T3 when compared to other treatments and the control (Respiratory burst activity : 0.53±0.026 U/ml and Lysozyme activity : 1.08±0.043×103 U/ml). In the challenge study against A. hydrophila, significantly higher Relative Percentage Survival (RPS) of 92.86±5.83% was observed in T3 and other treatments, while the control group exhibited significantly lower RPS of 0% (p<0.05). The T3 diet (2% Giloy) yielded a remarkably elevated survival rate when exposed to A. hydrophila infection, highlighting its potential as an effective dietary supplement for enhancing fish immunity and conferring disease resistance.
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Introduction
The Striped catfish, scientifically known as Pangasianodon hypophthalmus is a prominent inland fish species in the far Eastern Asia region (Nguyen, 2009). It is estimated that                                             P. hypophthalmus is being farmed in an area of about 40,000 ha in India and contributes to 0.7 million tons to total fishery (Singh, 2025). It is having superior flesh quality, fast weight gain rate, tolerance to low oxygen, ability to thrive at higher stocking densities, efficient feed conversion rate and its ability to adapt well to various culture systems (Alam, 2011; Silva and Nguyen, 2011). However, disease outbreaks in Striped catfish (P. hypophthalmus) farming has led to heavy economical loss to the fish farmers. Parasitic infections and Red disease in grow out farms of Striped catfish have been reported frequently (Lakra and Singh, 2010). Moreover, indiscriminate use of antibiotics has accelerated the emergence of Anti-Microbial Resistant (AMR) pathogens (Kolawole et al., 2023). In response to the increasing threat of Anti-Microbial Resistance (AMR) in the fish pathogens and the limitations of conventional chemotherapeutic agents, there is growing interest in utilizing herbal nutraceuticals as functional dietary additives in aquaculture (Bhat et al., 2022). Their efficacy stems from an array of bioactive compounds such as Alkaloids, Flavonoids, Terpenoids and Saponins which contribute to enhanced disease resistance and overall health performance in cultured species (Sumana et al., 2025). Also, it is an environmentally friendly and sustainable approach which avoids public health risk   (Jeyavani et al., 2022). Giloy (Tinospora cordifoila) belonging to the family Menispermaceae is a large, climbing shrub with greenish yellow typical flowers, found at higher altitudes (Saxena and Rawat, 2019). Giloy (T. cordifolia) has been used in indigenous systems of human medicine as indicated in various classical texts of Ayurvedic System of Medicine by Charaka, Sushruta and Vaghbhata (Srivastava and Singh, 2021). It is also approved by FDA and efficient in treating human endocrine and metabolic diseases, as well as its capacity to boost immunity (Chaudhary et al., 2024). Despite its significance, very less scientific research has been conducted on the use of Giloy (Tinospora cordifolia) as a dietary additive for enhancing the overall health status of Striped catfish (P. hypophthalmus). Hence, the present study was done to evaluate the dietary effect of Giloy on growth, survival, haematology, immune response and disease resistance against A. hydrophila in Striped catfish.
Materials and Methods
The experiment was carried out in 1000 L capacity cement cistern tanks at the Instructional Fish Farm, Department of Aquaculture, College of Fisheries, KVAFSU, Mangaluru. The tanks were provided with proper water inlet, drainage and overflow facilities for easy filling and draining of water supply. Tanks were protected with shade net to avoid the escape of test animals and predation by birds.


Experimental Animals
The fingerlings of P. hypophthalmus were procured from a fish farm located at  Bobli, Andhra Pradesh. The fish were acclimatised to the experimental conditions for two weeks and fed @ 5% body weight with floating pellet feed which formed the basal diet. 
Feed Formulations
The experimental diet was formulated with a protein content of 30% by using the Pearson’s Square technique by using ingredients such as Fishmeal (FM), Groundnut Oil Cake (GNOC), Rice Bran (RB), Tapioca Flour, Giloy powder, Vitamin and Mineral premix. All the ingredients were procured from local market in Mangaluru. Vitamin and Mineral premix were obtained from a veterinary pharmacy. The laboratory grade Giloy (Tinospora cordifolia) powder was obtained from a super market at Mangaluru. All the components were powdered and sieved in a mesh size of 0.18mm. The sieved ingredients were stored in air tight, HDPE (High Density Poly Ethylene) bags and placed at room temperature till further use.
The proximate composition of the feed ingredients was analysed before feed preparation by following standard procedures (AOAC, 2017). The moisture content of the samples was estimated by subjecting to heating at 105°C for 30 minutes, followed by cooling and weighing until a stable weight was achieved. The crude protein was measured using the Kjeltron system (Tulin devices. The fat content was measured using the Soxtech system (Pelican) and the fibre content was  evaluated using the Fibretech system (Pelican). The ash. content was determined by charring the sample and heating it in a muffle furnace at 550±10°C for 6 hours. The differene approach (Hasting, 1976) was used to determine carbohydrate content as nitrogen free extract (NFE). NFE = 100 - (% moisture + % crude protein + % crude fibre +% ash).
The three test diets were prepared by incorporating Giloy (T. cordifolia) at 10g (T1), 15g (T2) and 20g (T3) per Kg of feed. The control diet (T0) was prepared without incorporation of Giloy. Diets were packed separately in HDPE bags, labelled and stored in a dry place until further use.
Feeding Trials
Uniform sized Pangasius fingerlings with average length and weight of 7.34±0.09 cm and 35.35±1.02 g respectively were stocked @ 15 numbers/tank. The duration of experiment was 90 days. Water exchange was done on a fortnight basis to remove left-over feed and faecal matter. Fish were fed at 5% of their body weight till the end of the experiment. The feed was broadcast over the surface of water twice daily in the morning and evening. After each sampling, the quantity of feed given was re-adjusted depending on the weight increment of fish. Water quality parameters maintained within optimum limit throughout the experimental trial. Water samples were collected on each sampling days and were analysed for pH, temperature, dissolved oxygen, ammonia, nitrite, nitrate, total alkalinity and total hardness by following standard procedures (APHA, 1998). Blood samples were collected for haematological analysis from each of the treatments and the control at the end of 90 days of feeding trails. 
Haematological Analysis
Fish samples were anesthetized and blood was collected by puncturing the caudal.vein using 2 ml syringe rinsed with anticoagulant (Heparin) and the blood was immediately transferred to heparin coated vials. Haematological parameters such as red blood.cell (RBC) count, white blood. cell (WBC) count, platelet count,  haemoglobin concentration, haematocrit value, mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC) values were analysed using automated haematology analyser (AGD, Erna PCE-210) at M S Clinical laboratory, Mangaluru, Karnataka, India.
Lysozyme Assay
Lysozyme activity was measured by adopting the turbidimetric method described by Parry et al. (1965) with slight modifications. Fifty microliters of serum was placed in duplicates in a.96 well plate with 50µl of phosphate buffered saline (PBS) of pH.5.8 and mixed well. Then serum was serially diluted until the last well. Finally, 50µl of sample was discarded in the last well, 125 µl of Micrococcus luteus was added (75 mg/ml phosphate buffer). The reduction in the absorbance at 450 nm was measured from 0 to 15 minutes at room temperature in an ELISA reader. The lysozyme activity was converted to lysozyme concentration using hen’s egg white with lysozyme (SIGMA, USA) as standard.
Superoxide Anion Production Assay (NBT Assay) 
The standard procedure of Anderson and Siwicki (1995) was followed. The test was performed in flat bottomed microtitre plates. The collected fish blood was centrifuged at 3000 rpm for 6 min. 50µl of the buffy coat containing leucocytes was dispensed into a microtitre plate and incubated for 1 h and 50µl of 0.3% NBT was added and incubated for 1 h. The supernatant was carefully removed and the adhering cells were fixed by adding methanol and incubated for 2-5 min. Then the plates were rinsed for 3-4 times with 70% methanol and air dried. The blue formazan was solubilized by adding 60µl of 2M KOH and 70µl of Dimethyl Sulphoxide (DMSO). The microtitre plate was read using an ELISA reader at 620 nm using KOH and DMSO mixture as blank.
Challenge studies of Striped catfish against the fish pathogen, Aeromonas hydrophila
Mean lethal dose (LD50) was estimated in Striped catfish as per the protocol of Reed and Muench (1938). The fish fingerlings were maintained in aquarium tanks (10 fish/ aquarium) with aeration. The experiment was conducted in duplicates. A. hydrophila isolate                          (MTCC, 1739) was incubated overnight in tryptic soya broth at 30°C and ten fold serial dilution of the cell suspension was carried out in phosphate-buffered saline (PBS). Each fish was injected intraperitoneally with 0.5 ml A. hydrophila from the serial dilution tubes, ranging from 101 to 106 CFU/ml. The negative control group was injected with 0.5 ml of sterile phosphate buffered saline (PBS). Fish were injected by 2.5 ml sterile disposable insulin syringe having needle size 0.30×8 mm. The mortality data was collected daily for 7 days.
After 90 days of feeding, 10 fishes from each of the treatments including the positive control were given injection with 0.5 ml of A. hydrophila (1.61×106 CFU/ml) and fed with basal diet. Fish injected with 0.1 ml phosphate buffered saline, served as negative control. The survival rate was observed and recorded daily for 7 days. The Relative Percentage Survival (RPS) was calculated (Amend, 1982).
RPS = 1- (%mortality in treated group/ % mortality in control group) ×100 
Statistical analysis
The estimated values of different test parameters were expressed as Mean ± Standard Error (SE). One-Way Analysis of Variance (ANOVA) was employed to find out the significant differences between mean values for growth, survival, haematology and immune response of different treatments (T0, T1, T2, T3) (SPSS version 22). Duncan’s Multiple Range Test was employed to calculate the critical differences between significantly different mean values of different treatments and control at 5% probability level (SPSS version 22).
Results and Discussion
Herbal nutraceuticals can directly promote the production of antibodies  and participate in the specific immune response of fish in case of an infection (Li et al., 2022). Number of studies have been done to demonstrate the potential benefits of herbal nutraceuticals on fish growth promotion, improved innate immunity and enhanced disease resistance (Awad, 2025;     Sumana et al., 2025; Chandan et al., 2020). Dietary inclusion of herbal nutraceuticals gained importance nowadays because they can reduce the risks associated with antibiotic and chemotherapeutic usage and be considered as one of the most effective means for diseases prevention (Puri et al., 2022). 
Proximate composition of formulated feed
In the present study, experimental diets were prepared with fish meal as primary protein source followed by ground nut oil cake, rice bran, tapioca flour and supplemented with different concentration of Giloy (Tinospora cordifolia) powder viz., 1% in T1, 1.5% in T2 and 2% in T3, whereas the control diet contained zero supplementation of Giloy (Table 1). 
Protein concentration of all the treatments were maintained at 30% to allow the evaluation of effect of Giloy independent of protein variation. A similar approach was followed by         Turaihi et al., 2025, who incorporated 4% and 6% Giloy stem powder into diets of Common carp (Cyprinus carpio) to assess its effect on growth and health performance. 


Haematology
Blood acts as a critical mirror of health in fish serving as a patho-physiological marker for evaluating the status of their non-specific immune system (Dar, 2023). Haematological parameters offer a way to look into the physiological and immunological responses of fish to environmental shifts, dietary interventions and pathogenic challenges (Chen and Luo, 2023). In the present study, a significantly higher RBC count was recorded in the treatment T3              (2.83 ± 0.04 mill/cumm) and a significantly lower RBC count was recorded in the control         T0 (1.97 ± 0.06 mill/cumm) (p<0.05) (Table 2). The findings of the present study are in agreement with those of Anita et al. (2015) who reported similar findings of significantly higher RBC count (3.219 mill/cumm) in Rohu (Labeo rohita) fed with diet supplemented with 0.75% Stem powder of Giloy when compared to the control during pre-challenge. Upon challenge, significantly higher RBC (2.59±0.06 million/mm3) was observed in the treatment, T3, followed by T2, T1 and the control, T0 (1.58±0.06 million/mm3) reflecting the protective effect of Giloy against A. hydrophila infection (p<0.05) (Table 2). Similarly, Maiti et al. (2023) reported significantly higher RBC counts of   4.26 ± 0.06 mill/cumm with 2% Kalmegh (Andrographis paniculata) leaf extract use as dietary supplementation in Striped catfish when compared to control (2.13±0.04 mill/cumm), after challenge. 
White blood cells (WBCs), also known as leukocytes are crucial for the immune system in fish playing a vital role in defending against infections and maintaining overall health (Zhu and Su, 2022). In the present study, a significantly higher WBC count was recorded in the treatment T3 (22.63 ± 0.48 × 103/mm3) and a significantly lower WBC count was recorded in the control T0 (14.57 ± 0.07 × 103/mm3) (p<0.05) (Table 2). Similarly, diet supplemented with leaf extract of Giloy at 0.04% in Striped catfish showed significantly higher WBC count                     (30.65±0.28 ×103/mm3) compared to the control (24.56±0.37×103/mm3) (Latha et al., 2020). Whereas, in post challenge studies, a significantly higher WBC (34.56 ± 0.35×103/mm3) was observed in the treatment T3 while significantly lower WBC was recorded in the control T0 (9.7±0.12×103/mm3) (p<0.05) (Table 2). Similar findings were reported by Maiti et al. (2023) who reported, significantly higher WBC of 4.88 ± 0.04×103/mm3 when compared to the control (2.13±0.04×103/mm3) with 2% Kalmegh (A. paniculata) leaf extract dietary supplementation in Striped catfish upon challenge with A. hydrophila.
Regarding the Platelet count, a significantly higher Platelet count was recorded in the treatment T3 (Pre-challenge: 0.82 ± 0.03 lakhs/cumm, Post-challenge: 0.76±0.03 lakh/cumm) and a significantly lower Platelet count was recorded in the control T0 (Pre-challenge: 0.13±0.04 lakhs/cumm, Post-challenge: 0.09 ± 0.04 lakhs/cumm) (p<0.05) (Table 2). The findings of the present study are in agreement with those of Naik et al. (2025) who reported very high Platelet count (Pre-challenge: 3.64±0.015 lakhs/cumm, Post-challenge: 1.95±0.095 lakhs/cumm) in Nile Tilapia fed with diet supplemented with 2% powder of Brahmi (Bacopa monnieri) when compared to the control (Pre-challenge: 2.26±0.012 lakhs/cumm, Post-challenge: 1.63±0.018 lakhs/cumm). Following challenge with A. hydrophila, a significant reduction (p<0.05) in platelet count was observed across all the three treatment and control groups (Table 2). Platelets or Thrombocytes are equally important as other parameters which initiate clot formation and aid in wound healing processes in maintaining haemostatic balance in fish (Alobaidy et al., 2022). Higher counts in the T3 group further highlight the potential of Giloy as a haematological enhancer and immunoprotectant. Haematocrit (Hct) concentration represents the proportion of blood volume occupy by RBCs and commonly used to detect conditions such as anemia or dehydration (Khan et al., 2013). In the present study, a significantly higher Hct value of 42.9±0.91% was observed in the treatment T3, while significantly lower Hct value was recorded in the control T0 (26.7±0.46%) (p<0.05). Whereas, post challenge results showed significantly higher values in T3 (39.41 ± 0.63%) when compared to the control (18.69 ± 0.53%) (p<0.05) (Table 3). The findings of the present study are in agreement with those of Latha et al. (2020) who observed significantly higher Hct value of 30.06 ± 0.25% when fed with a diet supplemented with leaf extract of Giloy at 0.04% in Striped catfish when compared to the control (26.36±0.21%). Similarly, dietary supplementation of Noni (Morinda citrifolia) leaf powder at 0.15% showed significantly higher Hct value (27.67±2.08%) compared to the control (19.67±0.58%) in Common Carp  after challenging with A. hydrohila (Effendi et al., 2025).  
According to Satkar et al. (2022), blood indices such as Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin (MCH), Mean Corpuscular Haemoglobin Concentration (MCHC) are critical erythrocyte indices in fish haematology that help assess red blood cell size, haemoglobin concentration serving as sensitive indicators of nutritional status, physiological stress, and pathological conditions of fish. In the present study, a significantly higher MCV was recorded in the treatment T3 (151.81±0.58 fl) with 2% of Giloy powder dietary supplementation when compared to the control T0 (135.65±0.42 fl) (p<0.05) (Table 3). However, in post challenge, there was rise in MCV count with a significantly higher MCV was recorded in the treatment T3 (154.67±0.49 fl) when compared to the control T0              (139.13±0.58 fl) (p<0.05) (Table 3). These findings align with those of Mbokane and Moyo (2018) reported significantly higher MCV (156.75 ± 6.94 fl) in the control whereas significantly lower MCV (139.68 ± 7.04 fl) in Tilapia fed with diet supplemented 12% Drumstick tree (Moringa oleifera) powder post challenge with A. hydrophila. Similarly, a significantly elevated MCH and MCHC values of 75.46±0.49 pg and 48.8±0.51% were recorded in T3 post challenge when compared to the other treatments and control                   (MCH - 75.46 ± 0.49 pg, MCHC - 48.8 ± 0.51%) in the present study (p<0.05). 
In general, RBC count, Platelet count, Haemoglobin, Haematocrit, MCH and MCHC value declined significantly in all group after challenge with A. hydrophila compared to their respective pre-challenge values (Table 2 and 3). The lower values of haematological parameters in the post –challenge scenario can be attributed to hemolysis and internal hemorrhages caused by the pathogenic infection. But, the reduction in these hematological parameters was less severe in the Giloy-supplemented treatment groups, particulatly T3 indicating a potential protective role of Giloy against A. hydrophila. These observations are consistent with findings of Mbokane and Moyo (2018), who reported reductions in RBC count, Platelet count, Haemoglobin, MCH and MCHC value of Nile Tilapia fed with Moringa powder following  challenge with A. hydrophila. Similarly, previous studies have demonstrated that Noni (Morinda citrifolia) leaf powder prevented the reduction in the haematological parameters when compared to the control group (Effendi et al., 2025). 
Immunological parameters 
Lysozyme
[bookmark: _Hlk205974907]In the present study, a significantly higher Lysozyme activity of 2.88±0.064×103 U/ml and 3.72±0.018 ×103 U/ml was observed in the treatment group T3 followed by other treatment groups in pre-challenge and post-challenge studies respectively, when compared to the the control (Pre-challenge: 0.85±0.012×103 U/ml, Post-challenge: 1.08±0.043 ×103 U/ml) (Table 4, Fig. 1). Similar results were observed by Basuini et al. (2022) who observed significantly higher Lysozyme value (0.29±17.67×103 U/ml) in pre-challenge studies, with dietary supplementation of 0.4% Giloy powder in Nile Tilapia. The findings of the present study are consistent with those of Sharma et al. (2017) who reported significantly higher Lysozyme activity of 36 U/mg protein with 0.8% Giloy powder dietary supplementation in Rohu when compared to control post A. hydrophila infection. Lysozyme found in serum, mucus and various tissues of fish and also enzymatically degrades bacterial cell walls thereby controlling microbial proliferation and facilitating early immune responses (Shakoori et al., 2019; Saurabh and Sahoo, 2008). Moreover, Lysozyme is a potent antimicrobial enzyme integral to the first line of immune defense in fish (Ferraboschi et al., 2021). In the present study, post-challenge high Lysozyme activity in the treatment groups when compared to the control, clearly indicates the immuno-protective effect of Giloy in the Striped catfish by enhancing the non-specific humoral immunity.
Respiratory Burst Activity (Nitroblue Tetrazolium Test)
In the present study, a significantly higher (p<0.05) respiratory burst activity was recorded in the treatment T3 (1.28 ± 0.026 U/ml) with 2% of Giloy powder dietary supplementation and a significantly lower respiratory burst activity was recorded in the control T0 (0.35 ± 0.016  U/ml) (Table 5, Fig. 2) prior to challenge. However, upon challenge with A. hydrophila, respiratory burst activity was elevated when compared to the pre-challenge levels, registering a significantly higher value of 2.03±0.029 U/ml in T3  (p<0.05) when compared to the control (0.53±0.026 U/ml) (Table 4). The Nitro Blue Tetrazolium (NBT) assay is widely employed to assess the respiratory burst activity of fish neutrophils serving as a reliable proxy for evaluating the functional status of the Innate immune system (Jimenez et al., 2013). This oxidative burst is a critical defense mechanism enabling phagocytic cells to generate reactive oxygen species that contribute to pathogen elimination (Piacenza et al., 2019). The oxidative burst involves elevated oxygen uptake and leads to the destruction of pathogenic cells (Wojtaszek, 1997). The findings of the present study are in agreement with those of Basuini et al. (2022) who reported significantly higher Respiratory Burst activity (0.52±0.07 U/ml) with 0.8% Giloy powder dietary supplementation in Nile Tilapia when compared to control (0.14±0.01 U/ml) in pre-challenge. Similar results were obtained by  Swamy et al. (2024) who observed significantly higher Respiratory Burst activity of 0.75 ± 0.01 U/ml when fed with a diet supplemented with leaf extract of Bay Laurel (Laurus nobilis) at 1.5% in Nile tilapia when compared to the control (0.37 ± 0.082 U/ml). Similar results were reported by Sharma et al. (2017) who observed significantly higher Respiratory Burst activity of  0.09 U/ml with 0.8% Giloy powder dietary supplementation in Rohu when compare to control (0.12 U/ml) upon challenge with the fish pathogen. In the present study, post-challenge high respiratory burst activity in the treatment groups when compared to the control, clearly indicates the immuno-protective effect of Giloy in the Striped catfish by enhancing the non-specific cell mediated immunity.
Challenge study 
In the present investigation, Striped catfish (Pangasianodon hypophthalmus) was challenged with a previously determined LD₅₀ dose of Aeromonas hydrophila (1.61×106 CFU/ml). The results revealed that the relative percentage survival (RPS) was highest in the T3 (92.86±5.83%) followed by T2 (79.46±6.56%) and T1 (46.43±2.92%) when compared to the control T0 (0%) (p<0.05) (Table 6). These findings demonstrate the immuno-protective effect of Giloy (Tinospora cordifolia), particularly at the 2% dietary inclusion (T3). The enhanced survival in treated groups suggests that Giloy supplementation significantly improved disease  resistance in Striped catfish. The findings of the present study are in agreement with those of Alexander et al. (2010) who observed lowest mortality rate (30%) and highest RPS (55%) in Tilapia fed with a diet supplemented with water soluble fraction of Giloy at 0.06% when compared to the control with a high mortality rate of 80%. Similarly, Sharma et al. (2017) reported highest RPS (45%) with 0.01% methanolic Stem extract of Giloy as a dietary supplementation in Rohu when compared to control after challenging with A. hydrophila and attributed it to the immuno-stimulatory properties of Giloy. Similar findings were reported by other researchers, who observed that medicinal herbs at different dosages significantly increased survival rates in fish challenged with bacterial pathogens (Maulidya et al., 2017; Khang et al., 2022; Maiti et al., 2023; Linh et al., 2024; Swamy et al., 2024; Habib et al., 2025). 
Conclusion
T3 diet  with a dietary supplementation of  2% Giloy, yielded a remarkably elevated survival rate when challenged with A. hydrophila, highlighting its potential as an effective dietary supplement for enhancing fish immunity and conferring disease resistance. Hence, it is recommended from the findings of the present study that, 2% Giloy (T3) when employed as a dietary supplement in Striped catfish (P. hypophthalmus) greatly improves the hematological parameters, improves the immune system and increases disease resistance. 
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Table 1. Percentage contribution of different feed ingredients in the experimental feed
	[bookmark: _Hlk204872435]
Ingredients (%)
	Control
T0
	Treatments

	
	
	T1
	T2
	T3

	Fish meal
	34.13
	34.13
	34.13
	34.13

	Groundnut oil cake
	34.13
	34.13
	34.13
	34.13

	Rice bran
	15.37
	14.37
	13.87
	13.37

	Tapioca flour
	15.37
	15.37
	15.37
	15.37

	Vitamin-mineral mixture
	1.00
	1.00
	1.00
	1.00

	Giloy Powder
	0
	1.00
	1.50
	2.00

	Total
	100
	100
	100
	100


Table 2. Pre-challenge and post-challenge cellular haematology of Striped catfish
	Parameters
	Challenge status
	Control
T0
	Treatments

	
	
	
	T1
	T2
	T3

	RBC
(106/mm3)
	Pre-challenge
	1.97±0.06c
	2.14±0.1bc
	2.34±0.01b
	2.83±0.04a

	
	  Post-challenge
	1.58±0.02d
	1.87±0.03c
	2.13±0.03b
	2.59±0.06a

	WBC
(103/mm3)
	Pre-challenge
	4.57±0.07d
	12.38±0.6c
	14.66±0.52b
	22.63±0.48a

	
	  Post-challenge
	9.7±0.12d
	19.76±0.61c
	21.32±0.34b
	34.56±0.35a

	Platelet (105/mm3)
	Pre-challenge
	0.13±0.04c
	0.44±0.06b
	0.54±0.03b
	0.82±0.03a

	
	  Post-challenge
	0.09±0.04d
	0.36±0.06c
	0.49±0.03b
	0.76±0.03a


Values presented as Mean ± SE. Means in the same row with different superscripts are significantly different (p<0.05). RBC- Red blood cells; WBC- White blood cells; Hb- Haemoglobin; 
Table 3. Pre-challenge and post-challenge haematology of Striped Catfish 
	Parameters
	Challenge status
	Control
T0
	Treatments

	
	
	
	T1
	T2
	T3

	  Hb (g/dl)
	Pre-challenge
	12.57±0.32d
	14.6±0.21c
	16.47±0.22b
	21.73±0.2a

	
	Post-challenge
	9.02±0.02d
	10.59±0.28c
	13.77±0.07b
	18.75±0.16a

	Hct (%)

	Pre-challenge
	    26.7±0.46d
	29.6±0.24c
	33.8±0.55b
	42.9±0.91a

	
	Post-challenge
	    18.69±0.53d
	25.48±0.39c
	28.6±0.62b
	39.41±0.63a

	MCV (fl)

	Pre-challenge
	135.65±0.42d
	138.47±0.71c
	144.35±0.55b
	151.81±0.58a

	
	Post-challenge
	139.13±0.58c
	148.07±0.58b
	148.68±0.56b
	154.67±0.49a

	MCH (pg)

	Pre-challenge
	    64.47±0.46c
	68.37±0.61b
	70.37±0.62b
	76.14±0.99a

	
	Post-challenge
	    60.38±0.39d
	66.84±0.65c
	69.92±0.54b
	75.46±0.49a

	MCHC (%)

	Pre-challenge
	45.88±0.73b
	46.78±0.96b
	48.25±0.84ab
	50.65±0.64a

	
	Post-challenge
	43.39±0.29d
	45.15±0.1c
	47.04±0.18b
	48.8±0.51a


Values presented as Mean ± SE. Means in the same row with different superscripts are significantly different (p<0.05).  Hb- Haemoglobin Concentration; Hct- Haematocrit Value; MCV- Mean Corpuscular Volume; MCH- Mean Corpuscular Haemoglobin; MCHC- Mean Corpuscular Haemoglobin Concentration.
Table 4. Pre-challenge and post-challenge lysozyme activity in Striped catfish 
	Treatment
	Lysozyme Activity (103 U/ml)

	
	Pre-challenge
	Post-challenge

	Control 
	0.5±0.012d
	1.08±0.043d

	T1
	1.87±0.064c
	2.4±0.044c

	T2
	2.38±0.089b
	3.15±0.029b

	T3
	2.88±0.064a
	3.72±0.018a


Values presented as Mean ± SE of triplicates observation. Mean values with different superscripts are significantly different (p<0.05).
Table 5. Pre-challenge and post-challenge respiratory burst activity in Striped catfish 
	Treatment
	Respiratory Burst Activity (U/ml)

	
	Pre-challenge
	Post-challenge

	Control 
	0.35±0.016d
	0.53±0.026d

	T1
	0.89±0.023c
	1.13±0.029c

	T2
	1.04±0.023b
	1.35±0.041b

	T3
	1.28±0.026a
	2.03±0.029a


Values presented as Mean ± SE of triplicates observation. Mean values with different superscripts are significantly different (p<0.05). NBT- Nitro Blue Tetrazolium.
Table 6. Survival of Striped catfish upon challenge with  A. hydrophila
	Treatments
	No. of fish
	Survival (%)
	Relative Percentage Survival (RPS) (%)

	
	Survived
	Dead
	
	

	T0
	3
	7
	25.00±4.08d
	0.00±00d

	T1
	6
	4
	60.00±0.00c
	46.43±2.92c

	T2
	8
	2
	85.00±4.08b
	79.46±6.56b

	T3
	9
	1
	95.00±4.08a
	92.86±5.83a


Values presented as Mean ± SE of triplicates observation. Mean values with different superscripts are significantly different (p<0.05)





[image: ]Fig. 1: Pre-challenge and post-challenge Lysozyme Activity in Striped catfish 

[image: ]Fig. 2: Pre-challenge and post-challenge Respiratory Burst Activity in Striped catfish 
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