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Effect of Gotu Kola (Centella asiatica) on haematology, immune response and disease resistance of common carp (Cyprinus carpio)

Abstract:
Dietary influence of Gotu kola (Centella asiatica) on haematology, immune response and disease resistance was assessed in common carp (Cyprinus carpio) at the Research and Instructional Fish Farm, College of Fisheries, KVAFSU, Mangaluru, Karnataka, India and the experiment was carried out for a duration of 90 days. Four test diets were formulated (T1, T2, T3, and T0) each containing 30 % protein and gotu kola powder was added at varying levels: 5 g/kg in T1, 10 g/kg in T2, and 20 g/kg in T3 with each treatment replicated three times. The control diet(T0) contained no Gotu Kola powder. The superior activity of lysozyme and super oxide anion production were noted in T3 diet compared to other treatments and control group. After challenging against Aeromonas hydrophila, T3 group demonstrated 100 % survival rate. Administration of Gotu Kola diet made a greater impact on haematological parameters of common carp in all the treatments especially T3 group when compared with control. Hence, from the present study it is evident that incorporation of 20 g/kg Gotu kola in the diet can significantly improve haematological indices, immune response and disease resistance of common carp.
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INTRODUCTION 
For centuries, medicinal herbs have been utilized as immunostimulants and these plants including herbs, spices and other extracts have gained popularity due to its low cost and environmentally friendly (Dawood, 2021). Medicinal plants can be administered in aquaculture either as whole plants or specific parts such as leaves, roots or seeds. They can also be given as extracts either in water or as feed additives and individually or in combination with other compounds like prebiotics or other immunostimulants. Gaining a proper understanding of their mechanisms of action could enhance the effectiveness and proper use of medicinal plants in aquaculture as their effects may vary depending on the species being treated (Zakes et al., 2008). The functional components of medicinal plants are lectins, tannins, alkaloids, flavonoids, saponins, polypeptides, steroids and polyphenols which have significant effects on health, growth rate and immune function of fish (Adel et al., 2024).  Alkaloids are nitrogen-containing compounds that can enhance metabolic processes and protect fish from diseases due to their anti-inflammatory and analgesic properties (Citarasu, 2010). Saponins are naturally occurring glycosides have been shown to improve digestion and enhance nutrient absorption leading to better growth rates in fish (Awad and Awaad, 2017). Steroids help to regulate various biological processes in fish including stress response and growth regulation. polyphenols act as potent antioxidants protecting fish from free radicals and supporting their immune systems (Reverter et al., 2021). The bioactive compounds from medicinal herbs function as immune-stimulants enhancing the immune response in fish by activating various components such as lysozyme, phagocytes, total haemocytes, complement, reactive oxygen species, myeloperoxidase, reactive nitrogen species, antiprotease, respiratory burst activity, nitric oxide, glutathione peroxidase and phenol oxidase (Harikrishnan et al., 2011). These responses help to protect against bacterial, fungal, viral and parasitic infections (Thompson et al., 1993). The extract from the herbs exhibit strong antibacterial properties against both Gram-positive and Gram-negative bacteria (Harikrishnan et al., 2009). “Different researches revealed that the fishes supplemented with herbal extracts showed significantly increased in red blood cell, leucocyte counts and haemoglobin status” (Anjusha et al., 2019).
“Gotu kola (Centella asiatica) which is also known as “Brahmi” (the greatest of the great) in Ayurvedic medicine” (Pal et al., 2018). “Gotu kola is a perennial herb that belongs to the Apiaceae family. It is commonly known as Manduka Parni in Sanskrit, “Brahmi” in Hindi, Indian pennywort in English and Gotu kola in many others parts of the world and it is distributed over tropical and subtropical countries. It is native to Asia, Africa, America and Oceania” (Belwal et al., 2019).  “Gotu kola consists of biochemical compounds such as terpenoids, flavonoids, alkaloids, tannins, steroids and phenolic compounds. Terpenoid compounds are the main components or biomarker compounds of the gotu kola plant. Terpenoid compounds mainly consist of asiaticoside, madecassoside which have pharmacological functions” (Sun et al., 2020). According to the World Health Organization (WHO), “gotu kola is best known for its use as a "brain tonic." It has demonstrated a range of pharmacological and therapeutic properties” (Belwal et al., 2019).
	“Common carp belongs to the biggest freshwater fish family, Cyprinidae and the order Cypriniformes. The common carp (Cyprinus carpio) is among the most widely farmed fish species globally and holds significant cultural value in aquaculture” (FAO, 2024). “In recent years, intensive farming of common carp has become increasingly popular as a practical solution to meet the growing global demand for fish” (Hoseinifar et al., 2019). “It has become a potential species for aquaculture in Asia and other European countries due to its high adaptability to the environment and feed” (Soltani et al., 2010). “The rapid growth, high yield, wide range of habitat make common carp a more significant species economically in aquaculture” (Demirkalp, 1992).
The present study was conducted to study the effect of Gotu kola (Centella asiatica) on the immune response, disease resistance and haematology of common carp  (Cyprinus carpio).

MATERIALS AND METHODS
	The present investigation was carried out to study the effect of dietary gotu kola (Centella asiatica) on the growth performance, immune response, disease resistance and gut histology of common carp (Cyprinus carpio). The experiment was carried out in cement ponds of 300 L capacity in triplicates for a period of 90 days at Research and Instructional Fish Farm, College of Fisheries, Mangaluru.
Feed ingredients, formulation and analysis
 The ingredients used in the formulation of different experimental diets were fishmeal, rice bran, groundnut oil cake, tapioca flour, gotu kola powder, vitamin and mineral premix. All the dry ingredients were purchased from the local market except gotu kola powder. The gotu kola powder was procured from an online platform namely Amala Earth. All the ingredients except gotu kola was ground and sieved to get particles of uniform size. The sieved ingredients were packed in high density polythene bags and stored at room temperature. Vitamin and mineral premix in the form of Chelated Agrimin Forte, a product of Virbac Animal Health Pvt. Ltd, India was procured locally and added.
Proximate composition of the feed ingredients
All the feed ingredients were analysed for proximate composition before the formulation of the test diets employing standard methods (AOAC, 1975). Moisture content was estimated by heating samples at 105°C for 30 min and then cooling and weighing to a constant weight.  Crude protein was analysed using FOSS Kjeltec system, fat content by Soxtech system (PELICAN) and fibre content by Fibretech system (PELICAN). Carbohydrate content was calculated as nitrogen free extract (NFE) by the difference method (Hastings, 1976) as given below.
NFE = 100 - (% moisture + % crude protein + % crude fat + % crude fibre + % ash). The ash content was determined by first drying the sample and then heating it in a muffle furnace at 550 ± 10°C for 6 h.
Formulation and preparation of experimental diets
Three test diets namely T1, T2 and T3 were prepared by incorporating Gotu kola powder at the rate of 5 g, 10 g and 20 g/ kg feed respectively. A control diet (T0) without Gotu kola powder was prepared. 
“The required quantities of ingredients were weighed accurately, mixed and hand kneaded to required consistency with just enough water (1: 0.8) to get smooth dough. The dough so obtained was cooked under steam in a pressure cooker at 105 °C for 20 to 30 min. The cooked feed was cooled to room temperature rapidly by spreading in an enamel tray and required dose of gotu kola powder was diluted with water properly and vitamin-mineral premix was added, mixed and blended. The dough was extruded through a pelletizer having 3 mm dia. Pellets were dried in a hot air oven at 60 °C till the moisture content was reduced to less than 10 %. Diets were packed separately in high density polythene bags, labelled and stored in a refrigerator for further use. The proximate composition of all diets were analysed following standard methods” (AOAC, 1975).
Experimental animals
 Fry of common carp brought from ADF office, Karkala were reared to fingerling size in 25 m2 pond at Research and Instructional Fish Farm, College of Fisheries, Mangaluru. Prior to start of the experiment, fish were acclimatized to experimental condition for two weeks in 1000 L FRP tubs and fed with basal diet. 
Experimental set up
The study was conducted in 12 out door cement ponds each with a capacity of 300 L. The experiment was carried out in triplicates under each treatment group in completely randomized design and exchange of water was performed every week to maintain the water quality.   
Stocking and rearing
 The common carp fingerlings were stocked at the rate of 15 numbers/tank. The experiment was carried out for a period of 90 days. Faecal matter and uneaten food were removed daily in the morning hours. 
Feeding
Fish were provided with food at a rate of 5% of their body weight until the experiment concluded. The feed was transmitted across the water's surface two times a day, in the morning and at night. Following each sampling, the amount of feed provided was modified according to the fish's weight gain.

Water sampling
“Water quality parameters were maintained within the normal range throughout the experimental period. Water samples collected once in a week were analysed for pH, temperature, dissolved oxygen, free carbon dioxide, hardness, NH3, NO2, NO3 and total alkalinity. Digital pH meter model LI 613 was used to record pH. Atmospheric temperature and water temperature were recorded by using standard thermometer. Dissolved oxygen was estimated by Winkler’s method. Total alkalinity, hardness, NH3 and free carbon dioxide were determined by standard methods” (APHA, 1995).
Immune parameters of common carp
Superoxide anion production assay /NBT assay
The test was performed as described by Siwicki (1993). :The test was performed in flat bottomed microtiter plates. The activated phagocytes (neutrophils and macrophages) are characterized by their ability to adhere to glass or plastic and produce oxygen free radicals. The NBT (Nitro Blue Tetrazolium) in its reaction with oxygen free radicals is reduced to +blue formazan, the extent of which can be determined by spectrophotometrically” (APHA, 1995). The procedure as detailed below.
The blood collected from the caudal vein of fish was centrifuged at 3000 rpm for 6 min. The buffy coat of 50 µl containing leucocytes was dispensed into a microtiter plate and incubated for 1 h and 50 µl of 0.3 % NBT was added to the plate and incubated for 1 h.
The contents of the well were carefully removed and the adhered cells were fixed by adding methanol and incubated for 2-5 min. Then the plates were rinsed 3-4 times with 70 % methanol and air dried.
The blue formazan was solublized by adding 60 µl of 2 M KOH. On the top of it, 70 µl of Dimethyl Sulphoxide (DMSO) was added. The results were read on an ELISA reader at 620 nm using KOH and DMSO mixture as blank.
Lysozyme assay
Lysozyme activity of fish in each group was measured with the turbidimetric method described by Parry et al. (1965) using 0.2 mg/ml lyophilized Micrococcus luteus as the substrate in 0.05M phosphate buffer (pH 6.2). Various amounts of serum (25-100µl) were added to 2 ml of the suspension and the absorbance was measured at 0.5 and  4.5min intervals at 530 nm (25o C). A lysozyme unit was defined as the activity of enzyme producing a decrease in absorbance of 0.001/ min. 
Experimental infection of Aeromonas hydrophila
Collection and maintenance of Aeromonas hydrophila
“Aeromonas hydrophila (H1 strain) was used for present study. The 1.5 % tryptone soya broth was prepared in 100 ml sterile water. Bacteria were inoculated into 100 ml of liquid tryptone soya broth (Himedia). The broth was incubated overnight in a shaker for 12 h at 37o C and harvested at 0.6 optical density (OD) values at a wavelength of 680 nm. The culture broth was then centrifuged at 3000 × g for 10 min. The supernatant was discarded and the bacterial pellet was washed three times with sterile phosphate buffered saline (PBS, pH 7.2) and standard plate count method with ten-fold serial dilution was performed” according to Surendran et al. (2003).
In the procedure for sampling for total plate count (TPC), a known quantity of the sample is macerated well with a known volume of a suitable diluent and 1 ml of the appropriate dilutions are cultured in the plating medium. For this 1 g of the sample is mixed with 9 ml diluent i.e., 1 part of the sample with nine parts diluents (i.e., 1 + 9 = 1:10 ratio). This gives 10 times dilution of the sample, i.e., 10-1 dilution. For further dilution, 1 ml from 10-1 is mixed with 9 ml of the diluent (10-2 dilution) and so on to get the appropriate dilution for plating. This type of dilution is called serial decimal dilution. Procedure for spread plating arranged 6 petri dishes in 3 rows in duplicates, labelled    appropriately. Inoculated 1 ml each of the 10-2, 10-3, 10-4, 10-5, 10-6, 10-7 and 10-8 dilutions on the surface of the respective agar plates. Using a sterile bent glass rod, spread the inoculum uniformly well on the surface of each plate. After about 30 min, the plates were incubated at 37o C for 48 h.  After 48 h of incubation, the colonies developing in each plate were counted manually. The TPC/ml sample is calculated by using the standard formula.
TPC/ml sample = Number of colonies × Dilution factor

LD50 of Aeromonas hydrophila
Mean lethal dose (LD50) was estimated in common carp according to Miller and Tainter (1994). The common carp fingerlings were maintained in aquarium tanks (10 fish/ aquarium) with aeration. The experiment was carried out in duplicates. The isolate was grown overnight on tryptone soya broth medium at 37 °C and cell suspensions were prepared in phosphate buffered saline (PBS). Each fish was injected intraperitoneally with 0.1 ml A. hydrophila inoculate ranging from 102 to 108 CFU/ml. The control fish group was injected with 0.1 ml of phosphate buffered saline (PBS). Fish were injected by 1 ml sterile disposable insulin syringe having needle size 0.30 × 8 mm. The mortality was recorded daily for 10 days.
Challenge study/ Susceptibility of common carp to Aeromonas hydrophila infection
“After 90 days of feeding, 10 fish from each tank including positive control were injected with 0.1 ml of A. hydrophila (8.1× 106 CFU/ml) and fed with basal diet. Fish were injected with 0.1 ml phosphate buffered saline served as negative control. The survival rate was recorded daily for 10 days. The relative percentage survival (RPS) was calculated” according to Amend et al. (1981).
RPS = [1 − (% mortality of treatment/% mortality of control) × 100]
Haematological analysis of common carp
Blood sample collected from fish was used to determine the haematological parameters and calculated according to Dacie and Lewis (1996). Total red blood cell count (RBC), Total white blood cell count (WBC), Haemoglobin concentration (Hb), Haematocrit (Hct), Mean corpuscular volume (MCV), Mean corpuscular haemoglobin (MCH), Mean corpuscular haemoglobin concentration (MCHC) were enumerated using automatic haematology analyzer (PCE-210) at ACCU Labs health care and diagnostic centre, Velencia, Mangaluru. 
Statistical analysis
Mean growth, survival, immune responses and disease resistance of fish achieved in response to different formulated test diets was analysed statistically by using one-way ANOVA (P < 0.05) and Duncan's multiple range tests. A value of P < 0.05 was considered statistically significant (SPSS V. 22).

RESULTS 
The present study was carried out to analyse the dietary effect of gotu kola (Centella asisatica) powder on growth performance, immune response, disease resistance and gut histology of common carp. Four distinct diets were formulated including basal diet and fish were fed for 90 days with diets containing gotu kola powder at 5 g, 10 g and 20 g / kg of feed. 

Proximate composition of feed ingredients and formulated experimental diets
Feed ingredients
Proximate composition of the ingredients used for the formulation of pelleted feed is presented in Table 1. The highest moisture content was found in rice bran (13.24 ± 0.16 %) and lowest in the fish meal (6.80 ± 0.11 %). The protein concentration was high in fish meal (64.12 ± 0.24 %) followed by ground nut oil cake (38.22 ± 0.18 %), rice bran (9.13 ± 0.22 %) and tapioca flour (2.57 ± 0.21 %). The rice bran showed fibre content highest (8.24 ± 0.18%) followed by tapioca flour (8.13±0.03 %) ground nut oil cake (2.46 ± 0.20 %) and fish meal (1.39 ± 0.12 %). The composition of ash was between 2.24 ± 0.14 % (tapioca flour) and 14.83 ± 0.13 % (fish meal). The carbohydrate content of the components (nitrogen-free extract) varied   from 4.59 ± 0.16 % (fish meal) and 80.86 ± 0.16 % (tapioca flour).
Formulation of diet
The composition of the ingredients used for formulation of different experimental diets are given in the Table 2. Fish meal and groundnut made the largest contribution, each accounting for 26.67 % and followed by tapioca (23.32 %). The rice bran composition ranged between 20.32 % (T3) and 22.32 % (T0). Diets were prepared by incorporating gotu kola at 0.5 %, 1 % and 2 % in T1, T2 and T3 respectively and control diet prepared without incorporation of gotu kola.
Effect of Gotu kola on haematological parameters in common carp 
Haematological Indices
The results showed that feeding experimental fish with gotu kola had a notable impact on red blood cells (RBCs), haemoglobin (Hb), haematocrit (Hct) mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), white blood cells (WBCs) and platelets (p < 0.05).
Red blood cells (RBCs)
[bookmark: _Hlk176446555]	The RBCs were significantly increased (P > 0.05) among various dietary treatments. The highest RBCs were observed in T3(1.96 ± 0.003 mill/ cumm) followed by T1(1.86 ± 0.003 mill/ cumm), T2(1.85 ± 0.003 mill/ cumm) and lowest value was observed in the control (1.66 ± 0.003 mill/ cumm) (Table 3).
White blood cells (WBCs)
[bookmark: _Hlk176730854]The WBCs was significantly increased in T3(33.74 ± 0.185 103/µl) and no significance difference observed in T1(27.45 ± 0.338 103/ µl) and T2(26.1 ± 0.706 103/ µl) lowest WBCs value was observed in the control (18.62 ± 0.541 103/ µl) (Table 3).
Platelets  
[bookmark: _Hlk176731712]The platelets were significantly increased in T3(0.59 ± 0.003 lakhs/ cumm) followed by T1(0.48 ± 0.005 lakhs/ cumm), T2(0.45 ± 0.003 lakhs/ cumm) and lowest platelets value recorded in the control (0.38 ± 0.008 lakhs/ cumm) (Table 3).
Haemoglobin (Hb)
	The results indicated that there was significant increase in the haemoglobin content in fish fed with gotu kola incorporated diets compared to fish fed with control diets. Highest haemoglobin content was observed in T3 (12.33 ± 0.067 mg/dl) and no significant difference (p > 0.05) observed in T1 (12.1 ± 0.057 mg/ dl) and T2 (12.1 ±0.057 mg/ dl) treatments. Lowest haemoglobin was observed in control (11 ± 0.057) (Table 4).
Haematocrit (Hct) Value
	The highest haematocrit value was observed in T3 (41.7 ± 0.145 %) and no significant difference (p > 0.05) observed in T1 (37.33 ± 0.666 %) and T2 (36.23 ± 0.145 %) treatments. Lowest haematocrit value was observed in control (33.53 ± 0.338 %) (Table 4).
Mean corpuscular volume (MCV)	
	The highest MCV value was found in T3 (212.67 ± 0.371fl) and followed by T1(199.03 ± 0.260 fl) and T2(197.07 ± 0.676 fl). Lowest MCV was observed in control (176.3 ± 0.288 fl) (Table 4).
Mean corpuscular haemoglobin (MCH)
	The highest value of MCH was recorded in T3 (66.24 ± 0.457 pg) followed by T2(64.07 ± 0.066 pg) and T1(62.39 ± 0.193 pg). Lowest MCH was observed in T0 (60.9 ± 0.208 pg) (Table 4).
Mean corpuscular haemoglobin concentration (MCHC)
	The highest value of MCHC was found in T3 (36.13 ± 0.176 %) and followed by T1(35.23 ± 0.260 %), T2((33.21 ± 0.268 %). Lowest MCHC was observed in control (28.43 ± 0.268 %) (Table 4).



Effect of Gotu kola on immune parameters in common carp 
Superoxide anion production/ Nitro blue tetrazolium (NBT Assay)
The respiratory burst activity is considered as an indicator of the status of macrophage and neutrophil activation. The NBT assay level was high in T3 (1.5 ± 0.015) and followed by T1(1.27 ± 0.0176), T2(1.13 ± 0.021) treatment. The control (0.59 ± 0.010) showed low NBT assay level in compared to other treatments (Table 5).
Lysozyme activity
The Lysozyme activity was significantly increased (P < 0.05) among various dietary treatments. The highest lysozyme activity was recorded in T3 (5.97 ± 0.002) followed by T1 (8.1 ± 0.013), T2 (7.89 ± 0.014) and T0 (9.1 ± 0.012) (Table 6).
Experimental infection against Aeromonas hydrophila
LD50 of Aeromonas hydrophila
LD50 of Aeromonas hydrophila in common carp was found to be at 8.1×106 CFU/ ml having the probits value 5.00 (Table 7). At this dose, the percentage of dead fish was 50 %. Mortality was recorded for 10 days of post injection. No mortality was observed in fish injected with sterile PBS.
Challenge study
The highest RPS (relative percentage survival) was recorded in T3 (100 %). There was no significant difference between T1 (80 %) and T2 (80 %) in relative percentage survival. Positive control recorded 50 % mortality in fish fed with basal diet. No mortality of fish found in the negative control which were injected with 0.1 ml PBS. The details of percentage survival and relative percentage survival of common carp after challenge against Aeromonas hydrophila are given in the Table 8.
Clinical signs like loss of scales, tissue distention near the injection site, weight loss post-infection, pale gills, disrupted movement, fin and tail rot and haemorrhagic lesions at the site of injection was observed in the positive control.
DISCUSSION
	Medicinal plants can serve as alternatives to antibiotics and have a notable impact on the health, growth and immune system of fish (Adel et al., 2024).
In the present study the effects of gotu kola (Centella asiatica) on growth performance, immune response, disease resistance, haematology and gut histology of common carp (Cyprinus carpio) was studied for 90 days. 
Effect of Gotu kola on haematology of common carp
“Haematological assessments are frequently employed methods for identifying the physiological conditions and health status of fish” (Witeska et al., 2022). 
“Haematological indices serve as indicators of how dietary treatments impact animals reflecting the type, quality and quantity of feed consumed. These indices demonstrate whether the nutrients available to the animal adequately meet its physiological, biochemical and metabolic needs. Many herbs elevate both specific and non-specific immune responses by activating the production of blood cells and enhance various haematological parameters” (Anjusa et al., 2019).
“The RBCs serves as the main carriers of haemoglobin playing a significant role in delivering oxygen to body tissues and helps in the removing of carbon dioxide” (Fange, 1994). “Haemoglobin is made up of globin proteins and iron-containing heme groups which are responsible for binding to oxygen molecules” (Jensen, 2001). “The higher Hct value represents higher viscosity and good health of fish” (Moreno et al., 2000).
In the present study, the (RBCs) and Hb, Haematocrit values are significantly increased in all the treatments compared to control and the highest value of these parameters were found in 20 g/kg gotu kola diet fed common carp.
Rohu supplemented with diet of gotu kola at the rate of 1 g/kg significantly improved   the blood biochemical parameters like serum glucose and serum creatinine (Sarker et al., 2021). According to Ashraf et al. (2021), “the higher RBC, Hb and haematocrit value was recorded in Nile tilapia supplemented with miswak powder at the rate of 2 % diet”. The ethanolic extract of nut grass diet supplemented to Nile tilapia led to a notable change   in RBC, Hb and Hct values (Wigraiboon et al., 2024). “The diet supplemented with thyme essential oil at the rate of 2 % diet in common carp enhanced the haemoglobin, RBC and haematocrit value compared to control” (Ghafarifarsani et al., 2023). Adel et al. (2021) reported that “in comparison to the control group dietary lemon verbena at doses of 10 and 20 mg/kg led to higher levels of Hb, Hct and RBC in Siberian sturgeon indicating improved health and metabolic rates”. Moreover, Ashry et al. (2022) demonstrated that “European sea bass receiving a diet supplemented with anise maintained normal haematological and biochemical blood indices with the exception of haematocrit, haemoglobin and RBC levels”.
White blood cells (WBCs) and platelets 
	“The WBCs are circulatory cells which are part of immune system help to fight against invaders” (Roberts, 2012). “Thrombocyte or platelet serves as an indicator of blood clotting ability and also acts as a marker for nonspecific immune functions” (Witeska, 2023). 
	In the present study, the WBCs and platelets values are significantly increased in all the treatments compared to control and the highest value of these parameters were found in 20 g/kg gotu kola diet fed common carp.		
“The highest values of WBC, lymphocyte, neutrophil and monocyte were observed in the rainbow trout supplemented with horsemint diet” (Heydari et al., 2020). “Nile tilapia supplemented with diets of   0.5, 1, 1.5 and 2 % coriander essential oil demonstrated higher value of WBC and thrombocyte value was significantly higher in 2 % diet compared to control” (Das et al., 2023). Adel et al. (2024) reported that “the peppermint essential oil loaded in chitosan nanoparticles at 10 g/kg diet changed the blood parameters like WBC and lymphocytes significantly compared to control diet. The ethanolic leaf extract of Rauvolfia tetraphylla diet supplemented to rohu resulted in significant elevation in WBC and other biochemical parameters against fungal infection” (Govintharaj et al., 2015). “The addition of medicinal plants led to elevated levels of haemoglobin, haematocrit, RBC and WBC in Gilthead seabream” (Ashrafizadeh et al., 2020).

Mean corpuscular volume (MCV), Mean corpuscular haemoglobin (MCH), Mean corpuscular haemoglobin concentration (MCHC)
The MCV is essential for disease diagnosis in fish (Campbell, 2004). “The MCH helps in the diagnosis and tracking of blood-related disorders such as anaemia or nutritional insufficiencies there by offering crucial information about the effectiveness of oxygen delivery” (Thrall et al., 2012). “The MCHC helps to evaluate the haemoglobin content relative to cell size and diagnosing conditions like hypochromic anaemia affecting oxygen transport efficiency” (Stoskopf, 1994).
In the present study, the MCV, MCH and MCHC values are significantly increased in all the treatments and the highest value of these parameters were found in 20 g/kg gotu kola diet fed common carp.
“The dietary administration of rosemary leaf powder at the level of 3 % diet in common carp lead to the notable improvement in MCH, MCHC and decrease in MC value” (Omar et al., 2024). “The diet supplemented with organic extract of nut grass at the rate of 0.4g and 0.8 g/kg diet in Nile tilapia made an enhancement in MCV, MCH, MCHC values” (Wigraiboon et al., 2024).  Ravardshiri et al. (2021) reported that incorporating cinnamon into the diet did not increase the levels of RBC, WBC, haematocrit, haemoglobin, MCV, MCH and MCHC in rainbow trout across six different doses.

Effect of Gotu kola on immune system of common carp
“Innate immunity responds in a non-specific way and it acts as the first line of defense against foreign microbes. An immunostimulant refers to a substance, drug, stress factor or action that boosts the body's defense mechanisms. When administered as a dietary supplement it can strengthen the innate immune system of animals making them more resistant to infections caused by pathogens” (Holland and Lambris, 2002). “The naturally occurring triterpene compound known as asiatic acid present in gotu kola showed various properties such as immunostimulant and antioxidant activities and also used to treat various diseases” (Nagoor Meeran et al., 2018). 	
Superoxide anion production (NBT assay)
In the present study, the immune parameter like NBT assay was significantly increased in common carp at 20 g/kg gotu kola supplemented diet.
 “During the process of phagocytosis, leukocytes enhance oxygen usage via NADPH oxidase leading the production of various oxygen species (ROS) including the superoxide anion radical (O2), hydrogen peroxide (H2O2), singlet oxygen (1O2) and the hydroxyl radical OH−). This process is referred to as a respiratory burst. Superoxide and hydrogen peroxide are particularly toxic ROS and serve as key components of a powerful antibacterial defense system” (Klebanoff, 1999). “The common carp fed with gotu kola at the rate of 5 and 10 g /kg diet significantly increased the skin mucus lysozyme (SMLA) and skin mucus peroxidase activities (SMPA), serum lysozyme and serum peroxidase activities, alternative complement (ACH50), phagocytosis and respiratory burst activities” (Srichaiyo et al, 2020). “The ethanolic extract of gotu kola diet at the concentration of 300 mg/kg body weight significantly enhanced the antioxidant enzyme superoxide dismutase (SOD) in Common carp liver compared to control group” (Jatayu et al., 2018). The incorporation of gotu kola diet at 1 g/kg increased immune parameter like Respiratory burst activity in rohu (Sarker et al., 2021).  
According to Noorbakhsh et al. (2024) feeding with basal extract at the concentration of 2 % resulted in significant increase in Ig, lysozyme and respiratory burst activity in rainbow trout. T”he rainbow trout   fed with 2% Medlar diet resulted in improved catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), lysozyme (LYZ), total immunoglobulin (total Ig), respiratory burst activity (RBA), total protein and phagocytosis (PHA)” (Patra et al., 2023). According to Aly et al. (2024) “the leucocytic count, serum total protein and globulin, Respiratory burst activity were higher in 2 % black seed supplemented diet compared to AQUA-IMMUNOPROTECT® (synthetic immunostimulant) supplemented diet in sea bream”.  “The improved respiratory burst activity reported in gilthead sea bream supplemented with 1 %, 5 % and 10 % fenugreek diets for 4 weeks compared to the control and the highest respiratory burst activity was recorded in fish fed with 10 % dose” (Elham et. al., 2015).


Lysozyme activity
“In the present study, the lysozyme activity was significantly increased in common carp at 20 g/kg gotu kola supplemented diet. It is commonly used as an indicator for non-specific immune responses and having antibacterial functions” (Demers and Bayne, 1997). According to Harikrishnan et al. (2011) “fish and shellfish exhibit improved responses to medicinal plant extracts and their derivatives by showing enhanced complement and lysozyme activity, natural killer cell function, phagocytic cell function and bactericidal activities”. 
“The highest supplementation level of coriander powder at the rate of 20g/kg diet was able to demonstrate a significant improvement in total immunoglobulin, protease and lysozyme activity in zebra fish” (Safari et al., 2019). “Incorporating 2 % miswak root powder into the diet of Nile tilapia significantly enhanced the immunological response and antioxidant status” (El-latif et al., 2021). “Higher plasma total protein, globulin and lysozyme activity, higher leukocyte count and lymphocyte percentage were recorded in 1% of Russian olive extract diet fed to the common carp” (Hoseini et al., 2021). “Several studies have shown that lysozyme activity was stimulated by black cumin in rainbow trout” (Celik et al., 2017), as well as by dill (Anethum graveolens) and garden cress (Lepidium sativum) in common carp (Bilen et al., 2019). “The lysozyme activity enhanced in Nile tilapia fed with 10g ajwain /kg diet as compared to the control diet “(Jayashree, 2022). Similar to several studies in which lysozyme activity was enhanced in Indian major carp, rohu fed with aloin (Srivastava et al., 2018).
Effect of Gotu kola on disease resistance against Aeromonas hydrophila 
“The higher survival rate of fish could be attributed to the bacteriolytic effects of plant extracts or the enhancement of the fish's immune system (Bulfon et al., 2014). In the present study, the maximum relative percentage survival was noticed in T3 (100 %) fish fed with 20 g/kg of gotu kola diet and control showed 50% mortality. Gotu kola contains triterpenoid glycosides, free acids, volatile oils and flavonoids. Among these compounds, triterpene asiaticosides are primarily responsible for the plant's antimicrobial activity by breaking the membrane structure and causing the dissolution of the cell walls of microorganisms” (Dutta and Basu, 1967). Recently, “bacterial challenge tests have been recognized as an effective method for assessing the impact of supplemented diets on pathogen inhibition and as an indicator of fish health following feeding” (Tan et al., 2017; Giri et al., 2015).
“In an experiment to control columnaris infection in Nile tilapia, bath treatments with aqueous extract of C. asiatica at a concentration of 100 mg/l were used and no mortality was observed in the fish exposed to this treatment. Similarly, no mortality was recorded in the groups treated with oxytetracycline at a concentration of 30 mg/l” (Rattanachaikunsopon and Phumkhachorn, 2010). “Ether extract of C. asiatica demonstrated a minimum inhibitory concentration (MIC) of 250 μg/ml against A. hydrophila in experimentally infected Nile tilapia whereas the MIC for oxytetracycline was only 0.5 μg/ml” (Pachanawan, 2008). “Ethanolic extract of C. asiatica at 400mg/ml of agar has been reported to inhibit a range of Gram-positive and Gram-negative bacteria including E. coli, Vibrio. parahaemolyticus, V. cholerae, Pseudomonas aeruginosa, Salmonella typhimurium, Aeromonas hydrophila, Staphylococcus aureus and Shigella species in in-vitro condition” (Mamtha et al., 2004). “The crude chloroform extract of C. asiatica demonstrated a significant zone of inhibition against Edwardsiella tarda in an agar overlay well-diffusion assay (30.50 ± 6.40 mm) which was comparable to the inhibition zone produced by chloramphenicol (40.75 ± 1.76 mm)” (Purkit et al., 2008). The methanolic extract of C. asiatica at 90 % concentration added as natural preservative demonstrated the high antimicrobial effect in fish surami (Ismail et al., 2016).
[bookmark: _GoBack] Brum et al. (2017) reported that “the mortality rates were low at 0.5 % ginger incorporated diet when challenged with Streptococcus agalactiae in Nile tilapia”. Milad et al. (2021) discovered that “administering a lemon verbena oral supplement reduced the overall mortality in Siberian sturgeon infected with A. hydrophila”.  “The diet supplemented with 2 % miswak powder attained highest relative percentage survival of 90 % against A. hydrophila infection in Nile tilapia” (Abd El-Latif et al., 2021). Incorporating Aegle marmelos fruit extract at the rate of 20 g/kg diet resulted in highest survival rate in Nile tilapia challenged against with S. agalactiae (Wangkahart et al., 2022). Mohammadi et al. (2020) reported that the ‘Nile tilapia fed with a diet containing 5 g/kg of Pistacia vera hulls exhibited the lowest mortality rate when exposed to A. hydrophila”. According to Raisy et al. (2022), the mixture of medicinal herbs extracts: coriander, common mallow and oak acorn at 3 % diet given to common carp resulted in higher protection. In contrast, the control group exhibited the lowest level of protection   against A. hydrophilla. The diet supplemented with 200 mg/kg of marjoram extract demonstrated the higher survival rate against pathogenic bacteria A. hydrophila compared to the control group in common carp (Yousefi et al., 2021). According to   Zargar et al. (2019), “the addition of thyme oil at all supplemented diets (0.5, 1, 2 ml/kg) enhanced the disease resistance in rainbow trout against Motile Aeromonas Septicemia caused by A. hydrophila compared to the control diet”. “The low mortality rate, antibacterial activity, nonsusceptibility to diseases and tolerance against A. hydrophila were recorded in catla fed with Illicium verum supplemented at the rate of 10 g/kg deit” (Mohanasundari et al., 2022). “The willow herb supplemented at the rate of 3 % diet shown lowest mortality against A. hydrophila whereas, control group showed the highest mortality in common carp” (Pakravan et al., 2012). Farsani et al. (2019) found that adding coriander seed extract to the diet enhanced the survival rate of rainbow trout when exposed to Y. ruckeri.

CONCLUSION 
The present study was carried out to evaluate the effect of dietary gotu kola (Centell aasiatica) on growth performance, immune response, disease resistance, haematology and gut histology of common carp (Cyprinus carpio). The gotu kola was incorporated in the diet at 5 g, 10 g, 20 g/ kg and control without gotu kola. The feeding trial ware carried out for a period of 90 days. Haematological parameters including red blood cells, haemoglobin concentration, haematocrit value, mean corpuscular volume, mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration, white blood cell counts and platelets. All the parameters were measured after 90 days and revealed significantly higher values (p < 0.05) in 20 g/kg gotu kola incorporated diets compared to control where fish fed with only basal diet.Immune parameters like respiratory burst activity (NBT assay) and lysozyme activity were significantly higher (p < 0,05) in fish fed with gotu kola incorporated diet at the rate of 20 g/ kg compared to other treatments. After 90 days 0f feeding trial, experimental fishes challenged against A. hydrophila showed less mortalities in treatment groups. Relative percentage survival was 100% in 20g/ kg gotu kola diet and 80 % in 5 g/kg and 10 g/kg gotu kola incorporated diets fed fish and 50 % survival rate was noted in control group.  The NBT assay and lysozyme activity were significantly higher (p < 0,05) in fish fed with gout kola incorporated diet at the rate of 20 g/kg and substantially decreased the mortality against Aeromonas hydrophila infection.  Hence, from the present study it may be concluded that incorporation of 20 g/kg Gotu kola in the diet can significantly improve haematological indices, immune response and disease resistance of common carp.
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Table 1. Details of proximate composition (%) of ingredients used for preparation of experimental diets (Dry weight basis)
	Parameters 
	Fish meal 
	Groundnut oil cake 
	Rice bran 
	Tapioca flour 

	Moisture 
	6.80 ± 0.11
	8.22 ± 0.12
	13.24 ± 0.16
	7.06 ± 0.16

	Protein 
	64.12 ± 0.24
	38.22 ± 0.18
	9.13 ± 0.22
	2.57 ± 0.21

	Fat
	8.18 ± 0.07
	1.24 ± 0.13
	10.65 ± 0.06
	1.02 ± 0.22

	Crude fibre
	1.39 ± 0.12
	2.46 ± 0.20
	8.24 ± 0.18
	8.13 ± 0.03

	Ash 
	14.83 ± 0.13
	7.60 ± 0.26
	11.16 ± 0.02
	2.24 ± 0.14

	NFE 
	4.59 ± 0.16
	42.02 ± 0.06
	49 ± 0.28
	80.86 ± 0.16


Values in Mean ±SE.

 Table 2. Details of composition (%) of ingredients used for preparation of different experimental diets and control
	Ingredients 
	Control(T0)
	T1
	T2
	T3

	Fish meal
	26.67
	26.67
	26.67
	26.67

	Groundnut oil cake
	26.67
	26.67
	26.67
	26.67

	Rice bran 
	22.32
	21.82
	21.32
	20.32

	Tapioca 
	23.32
	23.32
	23.32
	23.32

	Vitamin-mineral mixture
	1
	1
	1
	1

	Gotu kola
	0
	0.5
	1
	2

	Total 
	99.98
	99.98
	99.98
	99.98



Table 3. Cell counts of Red Blood Cells (RBC), White Blood Cells (WBC) and Platelets of common carp in different treatments and control
	               Treatments

Blood Cells

	T0
	T1
	T2
	T3

	Red blood cells (mill/cumm)
	1.66 ± 0.003d
	1.86 ± 0.003c
	1.85 ± 0.003b
	1.96 ± 0.003a

	White blood cells (103/µl)
	18.62 ± 0.541c
	27.45 ± 0.338b
	26.1 ± 0.706b
	33.74 ± 0.185a

	Platelets (lakhs/cumm)
	0.38 ± 0.008d
	0.48 ± 0.005b
	0.45 ± 0.003c
	0.59 ± 0.003a


Data are presented as Mean ± Standard Error (M ± SE). Values within the same row bearing different superscript letters indicate a significant difference (p < 0.05)


Table 4. Blood parameters of Haemoglobin (Hb), Haematocrit (Hct) Value, Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin (MCH) and  Mean Corpuscular Haemoglobin Concentration (MCHC) in common carp in different treatments and control
	               Treatments

   Blood 
Parameters
	T0
	T1
	T2
	T3

	Haemoglobin(Hb) (mg/dl)
	11 ± 0.057c
	12.1 ± 0.057b
	12.1 ± 0.057b
	12.33 ± 0.067a

	Haematocrit(Hct) Value (%)
	33.53 ± 0.338d
	37.33 ± 0.666b
	36.23 ± 0.145b
	41.77 ± 0.145a

	Mean Corpuscular Volume (MCV)(fl)
	176.3 ± 0.288d
	199.03 ± 0.260b
	197.07 ± 0.676c
	212.67 ± 0.371a

	 Mean Corpuscular Haemoglobin (MCH) (pg)
	60.9 ± 0.208d
	62.39 ± 0.193c
	64.07 ± 0.066b
	66.24 ± 0.457a

	Mean Corpuscular Haemoglobin Concentration (MCHC) (%)
	28.43 ± 0.268d
	35.23 ± 0.260b
	33.21 ± 0.268c
	36.13 ± 0.176a


Data are presented as Mean ± Standard Error (M ± SE). Values within the same row bearing different superscript letters indicate a significant difference (p < 0.05)
Table 5. Details of Nitro blue Tetrazolium Assay (NBT) assay (OD at 620 nm) observed in different treatments and control
	TREATMENTS
	Nitro blue tetrazolium assay 

	T0
	0.59 ± 0.010d

	T1
	1.27 ± 0.0176b

	T2
	1.13 ± 0.021c

	T3
	1.5 ± 0.015a


Data are presented as mean ± standard error (M ± SE). Values within the same column bearing different superscript letters indicate a significant difference (p < 0.05)

Table 6.  Details of lysozyme activity observed in different treatments and control
	TREATMENTS
	Lysozyme 

	T0
	5.97 ± 0.002d

	T1
	8.1 ± 0.013b

	T2
	7.89 ± 0.014c

	T3
	9.1 ± 0.012a


Data are presented as mean ± standard error (M ± SE). Values within the same column bearing different superscript letters indicate a significant difference (p < 0.05)

Table 7.  Details of the lethal doses of A. hydrophila for the determination of LD50 dose in common carp
	Dose (CFU/ml)
	Log dose
	%dead
	Probits

	102
	2
	10
	3.72

	103
	3
	20
	4.16

	104
	4
	20
	4.16

	105
	5
	30
	4.48

	106
	6
	50
	5.00

	107
	7
	70
	5.52

	108
	8
	90
	6.28



 Table 8. Details of effect of Gotu kola on the percentage survival (%) and relative percentage survival (%) of common carp after challenged against A. hydrophila
	Parameters
	Treatments

	
	T0
	T1
	T2
	T3

	No. of fishes challenged
	10
	10
	10
	10

	No. of fishes survived
	5
	8
	8
	10

	No. of fishes dead
	5
	2
	2
	 0

	Percentage survival
	50
	80
	80
	100

	Relative percentage survival (%)
	- 
	60
	60
	100








