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ABSTRACT 

This research was conducted to determine the effects of Andrographis paniculata extract on 

growth performance, hematological, organosomatic and biochemical indices of hybrid catfish (Clarias 

macrocephalus × Clarias gariepinus). The fish were fed 0, 0.2, 0.4 and 0.6 g/kg for 90 days. The results 

showed that the with the highest weight gain (WG), average daily growth (ADG), specific growth rate (SGR), 

feed efficiency (FE) and protein efficiency ratio (PER), as well as the lowest feed conversion ratio (FCR), were 

found in the group fed with A. paniculata extract at 0.6 g/kg. However, survival rate was not shown to be 

significantly different throughout the experiment. The hematological indices, total red blood cells (RBC) was at 

its highest in all treatment groups, while the highest levels of total white blood cells (WBC) and hematocrit (Htc) 

were observed in the group fed 0.6 g/kg when compared with other groups. Serum alanine transaminase and 

triglyceride were at their lowest levels in all treatment groups, while the highest levels of serum glucose were 

found in all treatment groups. The highest levels of high-density lipoprotein and the lowest level of cholesterol 

were observed in fish fed 0.6 g/kg, while other biochemical parameters were not significantly different (P> 

0.05). Lysozyme activity was initially observed at a significant difference on days 60 – 90, where the highest 

activity was found in the group fed 0.6 g/kg. All of organosomatic indices showed no significant differences. 

After 14 days of Aeromonas hydrophila challenge test, serum lysozyme activity and WBC were significantly 

increased in all treatment groups, while the lowest cumulative mortality was exhibited in the group fed 0.6 

g/kg, when compared to other groups. These results suggest that 0.6 g/kg of A. paniculata can improve growth 

performance, hematological indices, biochemical indices, disease resistance and non-specific immune responses 

of hybrid catfish. 
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CHAPTER 1  

INTRODUCTION    

 

Background and Rationale of the Study 

Hybrid catfish are produced from female Asian catfish, Clarias microcephalus, and 

male African catfish, C. gariepinus. The culturing of this fish is rapidly gaining in popularity 

in Southeast Asia due to its rapid growth, resistance to disease, T h e  possibility for high 

stocking density, hypoxia tolerance and excellent meat quality. This hybrid is an important 

aquaculture and economically important worldwide (Chaivichoo et al., 2020). Historically, 

hybrid catfish have been in high demand in Southeast Asian countries such as Thailand, 

the Philippines, Indonesia, Malaysia and Cambodia. In Thailand, the production of this 

hybrid catfish was approximated to be over 100,000 tonnes, with over 150 million USD in 

2018 (FAO, 2020). However, when there is a demand for high productivity, fish aquarists 

often use a high-density farming s y s te m , which can make fish stressed, grow slowly, 

become easily infected with disease, eventually die which in turn causes huge economic 

losses (Quesada et al., 2013; Bulfon et al., 2015). In preliminary problem-solving, farmers 

use chemicals and antibiotics to prevent and treat infections, which, in the early stages of 

treatment, can be quite effective (Harikrishnan et al., 2011; Kamaraj et al., 2018). 

Prolonged use of antibiotics can lead to the progression of antibiotic-resistant pathogens. 

Also, chemicals left as residues in the fish are dangerous for human consumption and 

cause harmful bioaccumulation impacts (Hidayat et al., 2018). Nowadays, several plants or 

their by-products are being used instead of antibiotics; these are regarded as being safer 

since they contain many organic bioactive components such as phenolic, polyphenolic, 

alkaloid, quinone, and essential oils (Chakraborty et al., 2014; Tan et al., 2018). Panase et al. 

(2018a). For example, it has been shown that the extract of Euphorbia hirta can have an effect 

on growth parameters, hematological indices and organosomatic indices on hybrid catfish Clarias 

macrocephalus x C. gariepinus. Moreover, with regards to hybrid catfish, C. macrocephalus x 

C. gariepinus, Houttuynia cordata extract was shown to promote growth and hematological 
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indices (Panase et al., 2018b). In addition, Apium graveolens plant extract sprayed on 

feed, was shown to improve growth performance, serum biochemical indices and lysozyme 

activity indices of Labeo chrysophekadion (Sutthi et al., 2020). The medicinal herb 

Andrographis paniculata, which is tropical and sub-tropical Asia, Southeast Asia, and India 

and has a greatly bitter taste, is used to cure liver disorders, children's bowel complaints, 

colic discomfort, the common cold and upper respiratory infections (Jayakumar et al., 2013; 

Hossain et al., 2014). The aerial part of A. paniculata is commonly used in Chinese 

medicine where it is believed to cool and relieve internal heat, inflammation, pain and 

against cancer as a form of detoxification (Gupta et al. 2017; Suriyo et al. 2021; Valdiani et 

al. 2022). The major bioactive compounds of A. paniculata are andrographolide deoxy 

andrographolide, neo andrographolide, 14-deoxy-11,12-didehydroandrographide and is 

andrographolide respectively (Valdiani et al. 2017). When their feed is supplemented with 

(A. paniculata) aqueous methanolic extract at a dose of 2%, Pangasianodon hypopthalmus 

can show improved growth indices, immunity and prevention of Aeromonas hydrophila 

infection, lysozyme activity, total white blood cell, red blood cell, hemoglobin content and 

hematocrit (Maiti et al., 2021). However, the effect of A. paniculata on hybrid catfish has 

not yet been reported.  

Therefore, the objective of this study was to investigate A. paniculata extract’s 

effectiveness in supplementing growth performance, biochemical indices, hematological 

indices, organosomatic indices, innate immunity and bacte r ia l disease resistance against  

A. hydrophila in hybrid catfish, C. macrocephalus × C. garipinus. 

 

https://dict.longdo.com/search/objective


 

 

 

CHAPTER 2  

LITERATURE REVIEW  

 

2.1 Kariyat, Andrographis paniculata (Burm.f.) Nees. 
 

 

 

 

 

 

 

 

 

 

 

Figures 1 Andrographis paniculata 
 

2.1.1 Botanical description of the Andrographis paniculata  

Common name: Kariyat, The Creat 

Family name:   Acanthaceae  

Scientific name: Andrographis paniculata  

Local name:  Fa thalai, Fa thalai chon, Ya kan ngu (Thailand); Si-Pang-ki (Chinese) 

A. paniculata is an economically important herb of the genus Andrographis. It is an 

erect and branched and annual flowering herb. A.  paniculata is an important medicinal 

plant and widely used around the world. It is a member of the Acanthaceae family. A. 

paniculata is a traditional herbal medication used in Bangladesh, China, Hong Kong, India, 

Pakistan, Philippines, Malaysia, Indonesia and Thailand to cure snake bite, insect bite, 

diabetes, diarrhea, fever, and malaria. The genus Andrographis has 40 species, 19 of 
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which are known to be available in India, with the therapeutic qualities of A.paniculata and 

Andrographis alata. This plant, when grown, may reach a height of 30 to 110 cm. Its stem 

is dark green, 30-110 cm long, 2 to 6 mm in diameter, quadrangular with longitudinal 

furrows and wings at angles of the juvenile sections, and somewhat increased at the 

nodes. The leaves are dark green, glabrous, 2-12 cm long and 1-3 cm wide, opposite, 

decussate, lanceolate, with an entire border and pinnate venation; the petiole is extremely 

short (Figure 2.1). The blooms are tiny, with five linear particle calyces, a short tube, and a 

6 mm long white corolla with rose-purple dots on the petals. The blooming and fruiting 

season runs from December to April. The fruits are little 2-celled odorless erected 

capsules, 1-2 cm long, 2-5 mm broad, linear-oblong, and acute at both ends. Different 

extracts and their secondary metabolites, particularly andrographolide, are one of the 

extensively studied natural products. The therapeutically active extracts are prepared, or 

metabolites isolated from aerial parts, leaves, roots, whole plants or calluses (Shalini and 

Narayanan 2015). 

2.1.2 Bioactive compounds of A. paniculata 

Andrographolide, neoandrographolide and isoandrographolide are the most abundant 

lead bioactive compounds that can be isolated from any part of A. paniculata F or example, 

aerial apart, leaves, whole plant, and even roots. However, these compound are present in 

high amounts in leaves. The yield reached the maximum level while the plant materials are 

collected between 110–130 days of cultivation (Table 2.2) (Sharma et al., 2013). In addition, 

(Cheung et al., 2001)  reported that the percentage content of andrographolide, 

deoxyandrographolide, and neoandrographolide was found in the whole plant, leaf, stem, and 

root of A. paniculata (T a b le  2 .3) . Pandey and Mandal (2010) reported that the average 

andrographolide content varied from 1.07 to 2.24 percent in dried leaves. Furthermore, A. 

Paniculata contains therapeutically active secondary metabolites that include lactones, 

diterpenes, flavonoids, quinic acid, xanthones, noriridoids, and other compounds (Hossain et al., 

2014). In addition, Nagajothi et al., (2018) reported that the A. Paniculata extract wiht aqueous 

and ethanolic contains bioactive compound such as a lkaloids, cardiac glycosides, phenols, 

tannins, phlobatannins, hydrolysable tannins,flavonoids, terpenoids and saponins (Table 2.1). 

However, Rajalakshmi and Cathrine (2016)  reported that the the analysis of phytochemicals in 
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the ethanolic extracts of A. paniculata was presence bioactive compound such as alkaloids on 

a lkaloids (Mayer’s reagent), carbohydrates and g lycosides (Molisch’s test), sugar (Benedict’s 

reagent), saponin (Foam test), protein (Millon’s test), phytosterol (Libermann Burchard’s test) 

p henolic compounds and tannin (Ferric chloride test),  f lavonoid (Alkaline reagent test) a n d 

glycosides (Legal’s test) (Table 2.4). 

2.1.3 Medicinal properties of A. paniculata 

Properties of A. paniculata is reported to be an antioxidant and im m uno stim ulant.  

The aqueous extract of A. paniculata showed significant antibacterial activity, due to the presence of 

andrographolides and arabinogalactan proteins. A ndrographolide and neoandrographolide 

p la y ro le  in treating bacillary dysentery caused by Shigella sp. (Sivananthan and Elamaran 

2013). Moreover, andrographolide and neoandrographolide can resist bacteria, viruses, 

eliminate parasites and treat diarrhea caused by E. coli infection (Gupta et al., 1990 ). 

Furthermore, andrographolide can be used for respiratory treatments such as colds and fever 

(Caceres et al., 1997). Besides, dehydroandrographolide and andrographlide can cure 

inflammation, treat gastrointestinal diseases,  stimulate bile secretion, increase digestion,  relax 

muscle,  lowe blood sugar,  inhibit platelet aggregation,  prevent blood clots,  p revent liver 

damage and stimulate the immune system (Ellis et al., 1978). In addition, the amount of active 

ingredient will vary depending on the extraction method. A. paniculata is effective in anti-

inflammatory. kill bacteria Stimulates immunity by increasing the efficiency of white blood cells 

to destroy foreign matter p revents blood clotting, inhibits viruses, inhibits and destroys cancer 

cells (Table 2.5). make digestion better reduces fever and has the effect of contracting muscles 

(Cheung et al., 2001; Bhaskar-Reddy et al., 2003). In addition, Sahalan et al. (2007) m ethanol 

extract of leaves showed significant activity against E. coli along with Pseudomonas 

aeruginosa, Klebsiella pneumonia, Staphylococcus aureus, Bacillus subtilis and S. epidermidis. 

However, ethanol extracts were found effective against Legionella pneumophila and Bordetella 

pertussis only. Thus, the extraction process and solvent have a significant role in the efficacy of 

A. paniculata as the number and yield of pure metabolites greatly differ depending on the 

types of fractions. In addition, A. paniculata also has properties other such as ethnobotanically 

used for treating snake bites, bug bites, diabetes, dysentery, fever, and malaria (Najila et al., 

2002). 

https://dict.longdo.com/search/furthermore
https://dict.longdo.com/search/besides
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Table 1 Qualitative analysis of the phytochemicals in Andrographis paniculata 

extracts and its filtrates. 

Bioactive constituents                           Aqueous extract     Ethanolic extract   Aqueous filtrate   

Alcoholic filtrate 

Alkaloids      +   +  +  + 

Glycosides     -   -  -  - 

Cardiac glycosides     +   +  +  + 

Phenols     +   +  +  + 

Tannins     +   +  +  + 

Phlobatannins     +   -  -  - 

Hydrolysable tannins    +   +  -  - 

Flavonoids     +   +  +  + 

Terpenoids     +   +  +  + 

Saponins      +   +  +  + 

+ = present, - = absent  (Nagajothi et al., 2018) 
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Table 2 Bioactivities of compounds isolated from Andrographis paniculata 

Bioactive Compound      Bioactivities 

Andrographolide       Bioactivities 

14-deoxyandrographolide      activation of NOS cyclase 

Vasorelaxant in vitro and in vivo. 

Neoandrographolide  NO, PGE2, iNOS and COX-2 in activated 

macrophages CCl4, tBHP-induced 

hepatotoxicity (i.p 100 mg/kg, 3d) 

14-deoxy-11,12-didehydroandrographolide Muscle relaxant. 

14-deoxy-14,15-didehydroandrographolide  NO release from endothelial cells. 

Cytotoxic activity and cell cycle arrest 

of tumor cells NF-κB-dependent 

trans-activation. 

Andrograpanin  protein kinase or p38 MAPKs pathways 

chemokine SDF-1α induced 

chemotaxis in Jurkat and THP-1 cells. 

Isoandrographolide  cell-differentiation-inducing  

activity proliferation of HL-60 cells. 

14-acetylandrographolide  growth of leukeamia, ovarian, renal 

cancer cells. 

19-O-acetylanhydroandrographolide    NF-κB-dependent trans-activation. 

(Chao and Lin 2010) 
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Table  3  Percentage content of andrographolide, deoxyandrographolide and   

neoandrographolide in A. paniculata 
 

Part  

Used 

Yield of ethanol Andrographolide Deoxyandrographolide Neoandrographolide 

extract (%w/w)  (MeanSD(%w/w)) (MeanSD (%w/w)) (MeanSD (%w/w)) 

Whole plant 7.83 3.54±0.25      1.05±0.22       0.83±0.19 

Leaf 6.16 1.00±0.08      0.61±0.01       0.26±0.01 

Stem 0.88 1.11±0.20      1.27±0.09       1.37±0.00 

Root 3.25 0.16±0.04      0.68±0.10      0.70±0.14 

(Cheung et al., 2001) 
 

 

Table 4 The analysis of phytochemicals in the ethanolic extracts of Andrographis paniculata. 

            Phytochemical Tests                   Resorts 

Alkaloids (Mayer’s reagent)        + 

Carbohydrates & Glycosides (Molisch’s test)      + 

Sugar (Benedict’s reagent)        + 

Saponin (Foam test)        + 

Protein (Millon’s test)        + 

Phytosterol (Libermann Burchard’s test)      + 

Phenolic compounds and tannin (Ferric chloride test)     + 

Flavonoid (Alkaline reagent test)       + 

Glycoside (Legal’s test)        + 

+ = present, - = absent (Rajalakshmi and Cathrine 2016) 
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Table 5 Pharmacological properties of various extracts of Andrographis paniculata 

Chemicals   Pharmacological properties      References 

Methanol extract restores  Plasma lipid peroxidation, ALT, AST  Das et al., 2009 

activities in CCl4-treated rats (orally 1 g/kgBW, 14d). 

Ethanol extract   Serum anti-Salmonella typhinurium IgG levels     Xu et al., 2007 

IFN-γ in Con A-stimulated splenocytes of mice  

(Orally, 25 or 50 mg/kg BW, 14d)  

antibody and the delayed-type hypersensitivity     Puri et al., 1993 

response (Orally 25 mg/kg, 7d) G0/G1 phase. 

mitochondrial CYP and expression of Bax in human     Lin et al., 2008 

leukemic HL-60 cells expression of EBV lytic proteins  

during the viral lytic cycle in P3HR1 cells   

fasting serum glucose in diabetic rats (orally 0.1, 0.2,   Zhang et al., 2000 

and 0.4 g/BW, 14d) liver and kidney TBARS levels 

liver GSH concentrations (orally 400 mg/kg BW, 14d) 

95% ethanol extract  RANTES secretion by human bronchial epithelial cells         Ko et al., 

2006 

infected with influenza A virus H1N1.   

80% ethanol extract  Hepatic GPX, GR, CAT, SOD: lipid peroxidation.          Singh et al., 2001 

(Orally 50, 100 mg/kg BW, 14d)  

70% ethanol extract  CTL production through enhanced secretion of IL-2     Sheeja et al., 2007 

and IFNγ by EL-4 T cells  

serum NO, VEGF and TIMP-1, angiogenesis in      Sheeja et al., 2007 

melanoma cell implanted mice (i.p. 10mg/d, 5d)  

Aqueous extract   Protects nicotine-induced toxicity in brain (i.p. 250         Das et al., 2009 

mg/kg BW, 7d) nicotine induced DNA fragmentation  

in lymphocytes, lipid peroxidation, protein oxidation  

systolic blood pressure of SHR and WKY rats                Zhang and Tan 1996 

(i.p. 0.7, 1.4, 2.8 g/kg BW)  

blood glucose in STZ-induced hyperglycaemic rats       Husen et al., 2004 

(50 mg/kg BW, 10d)  

hepatic CAT, SOD and GST activities in lymphoma.       Verma, 2008 

bearing mice (orally 10~30 m 
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2.2 Hybrid catfish  

 
 

 

 

 

 

 

 

Figures 2 Hybrid catfish 
 

The hybrid catfish is produced from a female Asian catfish, Clarias microcephalus 

and a male African catfish, C. gariepinus. The culture of this fish is rapidly gaining in 

popularity in Southeast Asia due to its rapid growth, resistance to disease, the possibility 

for high stocking density and excellent meat quality (Jantrarotai et al., 2007).  

2.2.1 General characteristics of hybrid catfish 

The appearance of hybrid catfish is like Asian mother catfish, C. gariepinus and 

African father catfish; its skin is yellowish. Dorsal fin base very long, usually with more 

than 30 rays, not preceded by a spine, separate or continuous with caudal fin; pectoral 

and pelvic fins variously absent in some species; caudal fin rounded; gill openings wide; 

usually four pairs of barbels; air-breathing labyrinthic organ arising from gill arches 

(Figure 2 .2 )  Its body and tail are dotted with white dots, like those of the catfish C. 

gariepinus when they were small, but when fully grown, this dot will gradually disappear. 

The occipital skull is sharp with three notches. The head is large, and the tail has white 

dots at the age of about 3 weeks or more. The growth rate and appearance are more 

like African catfish. But the flesh is still yellow like that of the catfish, C. gariepinus. In 

addition, food habits are identical to African catfish. Therefore, it is in high demand on the 

market (Jantrarotai et al., 2007). Catfish is carnivorous and therefore require more protein 

in the feed than herbivorous species. However, it can be herbivorous when fed with 

ready mixed feed. In addition, the protein content of catfish feed should be 25-40% 
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depending on age and size of the fish. Approximately 30-50% of total proteins in the 

feed should be animal protein and the fat content should be 6-8% (Ng and Chen, 2002). 

2.2.2 Distribution 

Catfish are widely distributed in Southeast Asia, such as India, Myanmar, 

Thailand, Laos, Cambodia, the Philippines, Vietnam and Malaysia. Catfish can be found in 

canals, swamps, and marshes all over the world. It is a fish that lives in the water in 

general, including swamps with little water. This is because catfish is a fish that has a 

special organ for breathing. like snakehead fish. Therefore, they can survive in l o w 

oxygen condition Even in brackish waters, catfish can survive very well (Adan, 2000). 

2.2.3 Habitat 

Catfish are clearly different from other fish because they are without scales and 

long and slender bodies without no scale and with four pairs of tentacles on their lips. 

Tentacles are used to find feed because the eyes are so small. T h e  antennae of the 

catfish have better sensory perception than the eyes. Catfish p re fe r  liv in g  under the 

ground th ey  have a nimble temperament and are able to stay on land for longer than 

other fish. Including being able to live in soil, mud, and water with low oxygen content for 

a long time because there is a special organ that helps in breathing.  T h e i r  m o s t 

prefervable ffod are meal. However, for the wihle ing ponds, catfish can be trained to eat 

plant-based foods and also to feed on the surface of water rather than on the grend  

(Adan, 2000). 

2.2.4 Feeding 

Catfish are carnivorous fish , When the catfish hatch into fry, the catfish will consume 

feed from the yolk sac attached to the front of the fry's abdomen for about 1-2 days.already It 

is necessary to find feed in the environment to eat. During this period, the catfish nursery needs 

to use feed for growth that contains a high amount of protein, such as boiled egg yolk, Moina, 

or mixed feed. Later, when the fish grow up, they can be released into the pond. The feed 

provided is rice bran, trash fish and pelleted feeds that float. In nature, catfish fry feeds the 

protozoa, rotifers and phytoplankton. The large catfish larvae feed on shrimp larvae, crab 

larvae, worms, and organic matter in the mud. In addition, they can be trained to eat either 
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submerged feed or floating pellets. which contains feed ingredients such as broken rice, mold, 

bean meal, fish meal, etc (Adan, 2000). 

2.3 Hematology  

2.3.1 Blood  

Blood is a fluid plasma and cell-rich circulating tissue. It is made up of several 

types of cells (also known as corpuscles); these produced blood components account for 

around 45% of total blood volume. The remaining 55% is blood plasma, a yellow-colored 

fluid that serves as the blood's liquid medium. The usual pH of human arterial blood is 7.40 

(normal range: 7.35-7.45), indicating a mild alkaline solution. Because blood accounts for 

around 7% of human body weight, the average adult has a blood volume of approximately 5 

liters, of which 2.7-3 liters is plasma. The total surface area of all red cells in the human body 

would be approximately 2000 times that of the body's external surface (Alemu et al., 2006). 

2.3.2 Function of blood 

Blood has important transport, regulatory, and protective functions in the body. 

1. Transportation 

Blood transport oxygen from the lungs to the cells of the body and carbon dioxide 

from the cells to the lungs. It also carries nutrients from the gastrointestinal tract to the cells, heat 

and waste products away from cells and hormones form endocrine glands to other body cells. 

2. Regulation 

Blood regulates pH through buffers. It also adjusts body temperature through the 

heat-absorbing and coolant properties of its water content and its variable rate of flow 

through the skin, where excess heat can be lost to the environment. Blood osmotic 

pressure also influences the water content of cells, principally through dissolved ions and 

proteins. 

3. Protection 

The clotting mechanism protects against blood loss, and certain phagocytic white 

blood cells or specialized plasma proteins such as antibodies, interferon, and complement 

protect against foreign microbes and toxins (Klinken, 2002). 
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2.3.3 Platelets 

These are tiny, non-nucleated round/oval cells/cell fragments that stain pale blue 

and have numerous pink granules. Their diameter ranges from 1-4μm. They are created 

in the bone marrow by the fragmentation of megakaryocytes, which are enormous, 

multinucleated cells. Their major role is to prevent blood loss from bleeding. When blood 

vessels are wounded, platelets quickly cling to the damaged vessel and join together to 

create a platelet block. During this process, the soluble blood coagulation factors are 

activated, resulting in the formation of an insoluble fibrin mesh surrounding the clumped 

platelets. This aids and strengthens the platelet plug, resulting in a blood clot that stops 

additional blood loss. Normal range: 150-400 x 103 /μl (Klinken, 2002). 

2.3.4 Blood plasma 

When the created components are extracted from blood, a straw-colored liquid 

known as plasma is left behind. Plasma contains approximately 91.5% water and 8.5% 

solutes, the majority of which (7%) are proteins by weight. Some proteins found in plasma 

are also present elsewhere in the body, but those found only in blood are referred to be 

plasma proteins. These proteins help to maintain normal blood osmotic pressure, which is 

essential for whole body fluid balance. The liver produces the majority of plasma proteins, 

including albumins (54%), globulins (38%), and fibrinogen (7%). Waste products like urea, 

uric acid, creatinine, ammonia, and bilirubin are among the other solutes found in plasma, 

as are nutrients, vitamins, regulatory chemicals such as enzymes and hormones, gases, 

and electrolytes (Klinken, 2002). 

2.3.5 Red blood cell 

They are the most numerous blood cells. They develop in the marrow of the bones 

that make up the axial skeleton. Mature red cells are nonnucleated and formed like 

flattened, bilaterally indented spheres, a shape known as a "biconcave disc" with a 

diameter of 7.0-8.0 μm and a thickness of 1.7-2.4 μm. Because stained smears only 

show flattened surfaces, the appearance is round, with a core pallor matching the 

indented areas. 

The red blood cells contain the pigment hemoglobin, which can combine reversibly 

with oxygen. In the lungs, the hemoglobin in the red cells combines with oxygen and 
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releases it to the tissues of the body (where the oxygen tension is low) during its 

circulation. Carbon dioxide, a waste product of metabolism, is then absorbed from the 

tissues by the red blood cells and transported to the lungs to be exhaled. The red cell 

normally survives in the bloodstream for approximately 120 days, after which time it is 

removed by the phagocytes of the reticuloendothelial system, broken down, and some of 

its constituents are reutilized for the formation of new cells (Klinken, 2002). 

2.3.6 White blood cell  

They are a diverse collection of nucleated cells that are in charge of the body's 

defenses and are delivered by the blood to the various tissues where they perform 

physiologic functions, such as phagocytosis. WBCs are found in lower concentrations in 

normal blood than red blood cells (5.0-10.0 103/μl in adults). They are made in bone marrow 

and lymphoid tissues (lymph nodes, lymph nodules, and the spleen) (Ashton, 2007). 

2.4 Blood biochemical indices 

The chemical constituent of the blood is a change in various substances in the 

serum. It can be used to indicate changes in bodily functions such as stress, infection, 

fasting, etc. Hematology determination and biochemistry in most aquatic animals are being 

studied in edible aquatic animals and endangered aquatic animals. There are many values 

of biochemical values that are commonly studied, for example: 

2.4.1 Alanine amino transferase (ALT) and Aspartate amino transferase (AST) 

ALT or alanine amino transferase and AST or aspartate amino transferase are not 

just enzymes that work on the connection between proteins and carbohydrates in 

metabolism, but also work as indicators of a change in the physiological status or stress 

and these enzymes were used to prove the damage in the liver and fish tissues (Al-

Khshali and Hilali,  2019). 

2.4.2 Creatinine 

Creatinine is formed in muscles from creatine and creatine phosphate, at a rate 

which is about 1 to 2 % of the creatine-creatine phosphate body store per day (Hoberman 

et aI., 1948). Creatine, is formed primarily in the liver, and is transported to the muscles, 

where its phosphorylated form, creatine phosphate, acts as a storage depot for muscle 

energy. However,  The enzyme creatine phosphokinase catalyses the reaction between 



 

 

 15 

 

creatine and creatine phosphate. Creatinine, a cyclic anhydride of creatine, is the 

metabolic endproduct of creatine metabolism (Al-Khshali and Hilali, 2019). 

2.4.3 Alkaline phosphatases 

Alkaline Phosphatase enzyme (ALP) takes a part in the process of active transport 

in the cell membrane, it is found on the simple epithelial cells and vertical cells in certain 

parts of the fish body in general. This enzyme has a role in the metabolism of 

carbohydrates, growth, cells differentiation, protein synthesis and the manufacturing and 

releasing of certain types of enzymes (Al-Khshali and Hilali, 2019). 

2.4.4 Total protein  

Plasma proteins have important physical properties, with albumin and globulin 

being involved in colloid osmotic pressure in the maintenance of body water balance. 

Globulins, which exist in the forms of alpha (α), beta (β), and gamma (γ), are involved in 

the formation of antibodies. Hormones and enzymes called fibrinogen help in blood clotting. 

All proteins in the plasma act as buffers, helping to regulate the pH level and cause blood 

viscosity (Belinskaia et al., 2021) 

2.4.4.1 Albumin 

Albumin is a family of globular proteins, the most common of which are 

serum albumins. All the albumin family proteins are water-soluble and moderately soluble 

in concentrated salt solutions. The essential qualities of albumin are those of an acidic, 

highly soluble and very stable protein, able to withstand temperatures of 60 ◦C for 10 

hours. Albumins are commonly found in blood plasma and differ from other blood proteins 

because they are not glycosylated. Several other blood transport proteins are evolutionarily 

related to serum albumin, including alpha-fetoprotein, vitamin D-binding protein and 

afamin. This family is only found in vertebrates. Albumin serves in the transport of bilirubin, 

hormones, metals, vitamins, and drugs. It has an important role in fat metabolism by 

binding fatty acids and keeping them in a soluble form in plasma. This is one reason why 

hyperlipemia occurs in clinical situations of hypoalbuminemia. The binding of hormones by 

albumin regulates the amount of free hormone available at any time. Because of its 

negative charge, albumin is also able to furnish some of the anions needed to balance the 

cations of the plasma. Albumin is synthesized in the liver (Belinskaia et al., 2021).  
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2.4.4.2 Globulin 

The globulin fraction contains hundreds of serum proteins, including carrier 

proteins, enzymes, complement, and immunoglobulins. The liver produces the majority of 

these, while plasma cells produce immunoglobulins. Electrophoresis separates globulins 

into four distinct categories. The four fractions are α1, α2 and are based on their 

migratory pattern between the anode and the cathode. Increases in the globulin fraction 

are mainly due to an increase in immunoglobulins, although there may be an increase in 

other proteins in pathologic situations with distinct electrophoretic patterns. Malnutrition 

and congenital immunological deficiency can produce a drop in total globulins due to 

reduced synthesis, whereas nephrotic disease can cause a decrease due to protein loss 

through the kidney (Belinskaia et al., 2021). 

2.4.5 Glucose  

Glucose is the carbohydrate normally found in mammalian blood and is referred to 

as the "blood sugar." With few exceptions, it is equally distributed in the water of the 

extracellular fluids; because of the lower water content of the red blood cells, serum or 

plasma glucose values average 10% to 15% greater than those of whole blood. Because 

of variable results that accompany differences in hematocrit values in the multiphasic 

system of whole blood, and because plasma is the transport medium, it appears desirable 

to determine glucose levels in serum or plasma (Belinskaia et al., 2021). 

2.4.6 Cholesterol 

Cholesterol is essential for the formation of bile acids, which allow you to be able 

to digest fats. Cholesterol is also utilized by the body to produce cell membranes. 

Everybody needs to have some cholesterol to be healthy, however it is when you have 

too much cholesterol that problems occur. High blood cholesterol is a major risk factor for 

coronary heart disease and for stroke. In addition, Cholesterol is a fatty substance, vital for 

good health. It helps form cell membranes, various hormones, bile and vitamin D. We get 

some cholesterol from our diet, but most is made in our liver (Murtola et al., 2011). 

2.4.7 Triglyceride 

Triglycerides (TGs) are essential fats (also called “lipids”) transported in our 

bloodstream with cholesterol. They are called triglycerides because each molecule contains 
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three fatty acids. TGs are the major source of energy used and stored by our bodies. They 

come from two sources—what we eat and what our liver makes. High blood TG levels can 

be genetic, or caused by diabetes, thyroid problems, kidney disease, or some medicines 

(Jomard and Osto 2020). 

 2.4.8 Low-density lipoprotein 

Low-density lipoprotein (LDL) particles transport cholesterol and its esters in the 

bloodstream. LDL has a major role in the development of cardiovascular diseases, in particular 

atherosclerosis. In the initial stages of atherogenesis, LDL-derived lipids accumulate in the 

arterial intima, and high LDL levels have been shown to increase the risk of atherosclerosis 

(Murtola et al., 2011). 

2.4.9 High Density Lipoproteins 

High Density Lipoproteins (HDL) have long been considered as “good cholesterol,” 

beneficial to the whole body and to cardio-vascular health. However, HDLs are complex 

particles that undergoes dynamic remodeling through interactions with various enzymes 

and tissues throughout their life cycle, making the complete understanding of its functions 

and roles more complicated than initially expected (Jomard and Osto 2020) . 

2.5. Fish immune system 

The innate system is the original immune mechanism. It is distinguished by its non-

specificity, which means that it does not rely on prior recognition of the invader's surface 

structures. It also benefits from being constitutive and reacting quickly, while simultaneously 

being able to be induced by outside molecules. However, genes encoding for the immunoglobulin 

superfamily have been discovered considerably earlier, demonstrating the broad potential of 

the innate immune system, even though the ability to synthesis several distinct antigen 

receptors is first observed in jawed fishes (Bayne, 2003). 

2.5.1 Innate immunity  

The innate immune response is the first mechanism for host defense found in all 

multicellular organisms. The innate immune system is more ancient than the acquired or 

adaptive immune response, and it has developed and evolved to protect the host from the 

surrounding environment in which a variety of toxins and infectious agents including 

bacteria, fungi, viruses and parasites are found (Janeway and Medzhitov 2002). 



 

 

 18 

 

2.5.1.1 Lysozyme  

Lysozyme is an important defence molecule of the innate immune system, 

which is important in mediating protection against microbial invasion. It is a mucolytic 

enzyme of leucocytic origin. Lysozyme is broadly dispersed in a wide range of animal 

secretions, including mucus and saliva, in various tissues, including blood, and in the cell 

vacuoles of plants. It is also present in bacteria, plants, invertebrates, and vertebrates.  

It splits the b (1-4) linkages between N-acetylmuramic acid and N-acetylglucosamine in 

the cell walls (peptidoglycan layers) of Gram-positive bacteria, thus preventing them from 

invading. The lysozyme does not directly harm gram-negative bacteria. Lysozyme works 

when complement and other enzymes break down the outer cell wall of Gram-negative 

bacteria, revealing the inner peptidoglycan layer of the bacteria. In addition to its 

antibacterial properties, it stimulates polymorphonuclear leucocytes and macrophages 

directly or indirectly through an opsoninic effect, which aids in phagocytosis. The enzyme 

also hydrolyzes glycol chitin, targets structures containing muramic acid, and has a limited 

ability to degrade chitin, a linear polymer of N-acetylglucosamine that is a significant 

component of the exoskeletons of several invertebrates and the cell walls of fungus. 

Furthermore, lysozyme is a food safe, antimicrobial enzyme that can also produce gels 

and flms (Bower et al., 2006) 

 2.5.2 Adaptive immunity  

The innate immune system offers key mechanisms for pathogen detection and 

eradication. An expanded and improved repertoire of self- and nonself-antigen detection 

has been made possible by the development of adaptive immunity. Adaptive immunity is 

defined by a tightly regulated interaction between T and B lymphocytes and antigen-

presenting cells, which promotes the development of immunologic memory, pathogen-

specific immunologic effector pathways, and the maintenance of host immunological 

homeostasis. The series of lymphoid organs that make up the lymphatic system produce 

and activate lymphocytes. During development, gene segments are rearranged and 

combined to form genes that encode T and B cell antigen receptors. Rearrangement offers 

a vastly diverse spectrum of receptor specificities that can recognize elements of every 

potential pathogen. The development of immunologic memory is a crucial aspect of 
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adaptive immunity, in addition to specificity. Early on in an antigen-mediated response, 

sets of memory T and B cells are generated that are long-lived (pathogen). Memory cells 

are quickly activated when the same pathogen is contacted again, leading to a quicker 

and more powerful defensive response (Kurosaki et al., 2015). 

2.5.2.1 Humoral  

There is an array of soluble substances which have protective functions 

which inhibits the growth of microorganisms and neutralizes the enzymes on which 

pathogen depends. The classification of humoral parameters is commonly based on their 

pattern recognition specificities or effector functions (Kurosaki et al., 2015) 

2.5.2.2 Memory B Cells 

Postgerminal center memory B cells express Ig genes that have undergone 

isotype class switching and possess somatic mutations, and in humans they are 

distinguished by the presence of the marker CD27. The CD40-CD40L interaction 

contributes to directing GC B cells to mature into long-lived memory B cells. The exact life 

span of memory B cells is unknown. It has been postulated that these B cells either persist 

throughout the lifetime of the host or are renewed constantly through either nonspecific or 

antigen-specific stimulation. 

Memory B cells circulate in a dormant condition throughout the body until a 

specific antigen is re-encountered, triggering a powerful secondary immune response. 

Memory cells react faster to antigen, need less antigen, and can even be triggered in the 

absence of antigen by soluble mediators such as IL-2 or IL-15, in part because the BCR is 

already localized to lipid rafts. Memory B cells, like naive B cells, consume antigen and 

express peptide-MHC class II fragments. Memory B cells expand and may develop into 

plasma cells after peptide antigen presentation to helper T cells (Kurosaki et al., 2015). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/immunoglobulin-gene
https://www.sciencedirect.com/topics/medicine-and-dentistry/somatic-mutation
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2.6 Aeromonas hydrophila  

 

Figures 3 Aeromonas hydrophila 

Nahar et al. (2016) 

2.6.1 Aeromonas hydrophila   

Aeromonas hydrophila is a heterotrophic, Gram-negative, rod-shaped bacteria 

that is mostly found in warm climates. These bacteria may be found in both fresh and 

salt water. It can live in both aerobic and anaerobic settings and digest substances 

such as gelatin and hemoglobin. In the 1950s, A. hydrophila was isolated from people 

and animals. It is the most well-known Aeromonas species (Figure 2.3). It is oxidase and 

indole-positive, and resistant to most popular antibiotics and freezing temperatures.  

A. hydrophila  also has a symbiotic relationship as gut flora inside of certain leeches, such 

as Hirudo medicinalis (Sharon et al., 2003). 

2.6.2 Genus characteristics of Aeromonas species 

The genus Aeromonas has undergone a number of taxonomic and nomenclature 

revisions over the past 15 years. Although originally placed in the family Vibrionaceae, which 

also included the genera Vibrio, Photobacterium, and Plesiomonas, subsequent phylogenetic 

https://en.wikipedia.org/wiki/Symbiotic
https://en.wikipedia.org/wiki/Hirudo_medicinalis
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investigations indicated that the genus Aeromonas is not closely related to vibrios but rather 

forms a monophyletic unit in the -3 subgroup of the class Proteobacteria. These conclusions 

necessitated the removal of Aeromonas from the family Vibrionaceae and transfer to a new 

family, the Aeromonadaceae.  Similarly, only five species of Aeromonas were recognized  

15 years ago, three of which (A. hydrophila, A. sobria, and A. caviae) existed as phenospecies, 

that is, a named species containing multiple DNA groups, the members of which could not be 

distinguished from one another by simple biochemical characteristics. (Sharon et al., 2003). 

2.6.3 Natural Habitat for A. hydrophila   

Many of the species in the three genera are free-living saprophytes although 

some are associated with reptiles, fish and animals. Aeromonas spp. are widespread in 

freshwater, sewage and soil. Their numbers rise with the amount of organic matter 

present. A. hydrophila is part of the normal flora of freshwater fish and is commonly 

present in fish ponds and tanks. Animals can be faecal carriers of Aeromonas spp. 

(Sharon et al., 2003). 

2.6.4 Structure of A. hydrophila   

A.  hydrophila bacteria are Gram-negative, straight rods with rounded ends 

(bacilli to coccibacilli shape) usually from 0.3 to 1.0 μm in width and 1.0 to 3.0 μm in 

length. They can grow at temperatures as low as 4 °C. These bacteria are motile by a 

polar flagellum (Sharon et al., 2003). 

2.6.5 Fish and amphibians 

A. hydrophila is a waterborne, gram-negative bacillus that is a commensal 

inhabitant of the gastrointestinal tract of clinicallyhealthy frogs. Stress and consequent 

immunomodulation predispose amphibians to A. hydrophila colonization and clinical 

disease. Aeromoniasis is a communicable disease of teleost fishes, amphibians, and 

reptiles. The skin and visceral organs are common sites of A. hydrophila colonization in 

amphibians, and clinical presentation may include cutaneous petechiation and 

ulceration, lethargy, anorexia, edema, and neurologic signs. A. hydrophila infection in 

the frog we describe here was determined by bacterial culture of skin and liver and 

was associated with cutaneous ulceration (Densmore and Green 2007). 

https://en.wikipedia.org/wiki/Flagellum


 

 

 22 

 

2.7 Related research 

Rattanachaikunsopon and Phumkhachorn (2009) reported that A. paniculata 

supplementation could increase the survival rate of Oreochromis niloticus infected with 

Streptococcus agalactiae and had no effect on fish on the ratio 4:36 and 5:35 

(wt/wt).  Moreover, Pandey and Mandal (2010) study about the pharmacological 

properties of A. paniculata showed that of medicines for number of ailments related to 

digestion, hepatoprotection, hypoglycemic, anti-bacterial, analgesic, anti-inflammatory, 

vermicidal and antipyretic. In addition, the average andrographolide content varied 

from 1.07 to 2.24 %  in dried leaves. Furthermore, Basha et al. (2013) indicated that 

Andrographolide has effects on growth performance, non-specific immune parameters 

and resistance against A.hydrophila in Labeo rohita at a concentration 0.1%. Beyond,  

Palanikani et al. (2018) showed that A. paniculata supplementation can be against the 

pathogens A.hydrophila and A. veronii. in Indian carp. In addition, can increased hemoglobin, 

erythrocyte, leukocyte, phagocytic index and survival rate at a concentration 50 μl. 

Moreover, Roongkamnertwongsa and Roongkamnertwongsa (2012) reported that 

supplementation with A. paniculata crude extract in the diet of seabass (Lates 

calcarifer) at 5 g/kg can improve the number of red blood cell, lysozyme activity, 

superoxide anion and phagocytosis. In addition, the mortality of post-bacterially 

challenged fish was lower in the fish-fed crude extract diet. Other than that, Sheeba, 

(2012) showed that Catla Catla increased red blood cells, white blood cells, hemoglobin 

and serum protein. Furthermore, A. paniculata extract can improve nonspecific 

immunity and resistance to A.  hydrophila. Except, Palanikani et al. (2020) indicated 

that A. paniculata extract at a dose of 50 μl can increase the levels of hemoglobin, 

erythrocyte and leucocyte, along with the phagocytic index. The extracts also had a 

significant impact on modifying the anatomy and swimming pattern of infected fish, 

post treatment with the extracts, In addition, This herb has efficacy against A. 

hydrophila in Labeo rohita. Furthermore, Charoendat et al. (2016) indicated that A. 

paniculata extract cannot promote growth performance of Pacific white shrimp 

(Litopenaeus vannamei Boone), but it can be used for supporting shrimp health 

because application of extract as a dietary supplement at a concentration level of 60 

https://dict.longdo.com/search/moreover
https://dict.longdo.com/search/furthermore
https://dict.longdo.com/search/beyond
https://dict.longdo.com/search/moreover
https://dict.longdo.com/search/except
https://dict.longdo.com/search/furthermore


 

 

 23 

 

ppm can increase the survival rate of shrimp infected with Vibrio harveyi. Other than, 

Shi et al. (2020) reported that the diets supplemented with Andrographolide at 

concentrations (75 and 150 mg/kg) improved growth performance, enhanced antioxidant 

capacity and regulated the intestinal physical barrier and microbiota of M. albus. In addition, 

dietary supplementation of andrographolide upregulated anti-inflammatory cytokines and 

downregulated proinflammatory cytokines. Besides, Maiti et al. (2021) demonstrated that 

A. paniculata leaf extract at a concentration 2% has effects on growth, immunomodulation, 

and disease outbreak against A. hydrophila and has a positive effect on hematobiochemical 

parameters and immune response in Pangasianodon hypophthalmus. In addition, Phommanivong 

and Doolgindachbaporn (2013) reported that Moringa oleifera supplementation 15% can improve 

growth and survival rate of hybrid catfish (Clarias macrocephalus x C. gariepinus). Besides, 

Panase et al. (2018) showed that Houttuynia cordata Thunb. leaf extract at 70-ml/kg can 

improve average daily growth (ADG), specific growth rate (SGR), feed efficiency (FE) and protein 

efficiency ratio (PER), as well as the lowest feed conversion rate (FCR). In addition, this 

concentration can increase the total red blood cell (RBC), total white blood cell (WBC) and 

hemocrit percentage (Htc) of hybrid catfish (Clarias macrocephalus × Clarias gariepinus). 

Moreover, Panase et al. (2018) indicated that hybrid catfish, Clarias macrocephalus × C. 

gariepinus were promote growth performance, hematological and some organosomatic 

indices by Euphorbia hirta plant leaf extract at 300 mg/kg. In addition, Munglue et al. (2019) 

reported that hybrid catfish (Clarias macrocephalus × C.  gariepinus) fed diet supplemented 

with Limnophila aromatica extract showed an increase in weight gain, specific growth 

rate and feed utilization efficiency when compared to the control diet and that the 

extract could treat inflammation in the intestine of fish. Other than, Sheikhlar et al. (2017) 

found that methanolic Euphorbia hirta extract has antimicrobial activity against the 

bacterium Aeromonas hydrophila but has no effect on growth, feeding efficiencies, 

hypatosomatic index (HSI) and plasma biochemical parameters in African catfish (Clarias 

gariepinus). Moreover, Khunchalee and Munglue (2020) Cardamonin Enriched diets 

affected enhanced growth parameters and feed utilization efficiency. but hematological 

indices, including hemoglobin, hematocrit, white blood cell, red blood cell, mean corpuscular 

volume, mean corpuscular hemoglobin, and mean corpuscular hemoglobin concentration, did 

https://dict.longdo.com/search/other%20than
https://dict.longdo.com/search/moreover
https://dict.longdo.com/search/other%20than
https://dict.longdo.com/search/moreover
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not differ among the treatments (P>0.05). Meanwhile, albumin levels of the tested fish were 

significantly increased compared with the control (P<0.05) in hybrid catfish (Clarias 

macrocephalus × C. gariepinus). Furthermore, Gabrilel et al. (2019) showed that African catfish 

(Clarias gariepinus) had increased growth parameters, i.e., weight gain, absolute growth 

rate, specific growth rate, protein efficiency ratio and decreased feed conversion ratio. In 

addition, improved hemato-biochemical indices can improve their survival rate by Aloe 

vera extract at 4%. In addition, Sheikhlar et al. (2014) indicated that Morus alba (white 

mulberry) foliage extract at a level of 7 g/kg can inhibit Aeromonas hydrophila and 

improve red blood cell (RBC), hemoglobin, hematocrit, globulin, albumin, total protein 

and reduce mortality rate in African catfish (Clarias gariepinus). Beyond, Dada and 

Sonibare (2015) reported that dietary supplementation with chromolaena odorata leaf 

extract powder improved growth rate, feed utilization, white blood cells and survival of 

Clarias gariepinus. Furthermore, Kartikaningsih et al. (2020) reported that Characteristics of 

A.  hydrophila infected Catfish (Clarias sp.) had clinical symptoms, such as swelling on 

stomach and intestines were black on days 5 to 7, in the skin injured on day two and 

hemorrhagic on day 6-7. The organoleptic test indicated that the quality of the mucus, 

texture, and odor was reduced. Furthermore, the results of the histological test reported 

stretching of the muscle. Moreover, Zheng et al. (2009) showed that Origanum 

heracleoticum extract can stimulate growth promoter, increase antioxidant activity, enhance 

muscle protein sedimentation and also improve disease resistance to pathogens when 

added to channel catfish (Ictalurus punctatus) feed. 

https://dict.longdo.com/search/furthermore
https://dict.longdo.com/search/beyond
https://dict.longdo.com/search/furthermore
https://dict.longdo.com/search/moreover


 

 

 

CHAPTER 3  

RESEARCH METHODOLOGY  

 

3.1 Equipments for experiment 

3.1.1 Equipments for fish culture 

   Juvenile hybrid catfish  

   Pellet Food Fish (protein 30%) 

  A. paniculata (Stem and Leaf) 

Centrifuge Dynamica (Velocity 18R) 

Pocky spray 

Hemocytometer  

Agar Powder 

Cloth gloves 

lectric pan 

plastic basin 

Hand towel 

landing net 

Digital scales 

Poly Bag with Zipper 

Foam box 

K3EDTA tube  

Capillary Tube 

Eppendorf (1.5 ml) 

Syringe and hypodermic needle 25 G X 1 

Hematocrit Centrifuge (HC-12C) 

microcentrifuge tube racks 

Test tube rack Stainless 

Micropipette (100-1000 µl) 

https://tr-ex.me/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%9B%E0%B8%A5/%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9-%E0%B9%84%E0%B8%97%E0%B8%A2/foam+box
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Eppendorf tube (1.5 ml) 

Microscope  

Cover slide 

Hand count  

Phone 

Calculate 

Scalpel 

Forceps 

Cage 

Pen 

Ice 

 3.1.2 Equipments for herbal extraction 

Filter paper (Whatman 110 mm) 

Rotary Evaporator (N-1000 EYELA) 

Cross beater mill (SK 300) 

Round bottom flask 

Weighing scale 

Evaporating disk  

Hand towel  

Tissue paper  

Refrigerator 

Plant herb  

Ethanol 95% 

Ascot glass jar 

Hot air oven  

Glass funnel 

Suction flask  

Buchner funnel 

Glass rod  

Dropper  
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Beaker  

Cylinder  

Glove  

Spatula 

Knife  

 3.1.3 Laboratory equipments 

Aeromonas hydrophila  

Micrococcus lysodeikticus 

Cell culture dishes 

Freezer (SANDEN SNH-0205) 

Latex gloves  

  Analytical Balance (Ohaus) 

  Weighing Paper 

Autoclave (HVA-85) 

Aluminum tray 

Aluminum foil 

Hand Towel 

Incubator shaker (VS-8480SFN) 

Duran Bottle (500 and 1000 cm) 

Eppendorf Centrifuge (5810R) 

Incubator (LBI-150E) 

Centrifuge tube (50 cm) 

TSA (Tryptic Soy Agar) 

laminar air flow (AHC-4D1) 

Vortex Genie 2  

Alcohol Burner 

DI water  

Hot plate 

Forceps 

Loop 

https://tr-ex.me/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%81%E0%B8%9B%E0%B8%A5/%E0%B8%AD%E0%B8%B1%E0%B8%87%E0%B8%81%E0%B8%A4%E0%B8%A9-%E0%B9%84%E0%B8%97%E0%B8%A2/medical+gloves
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 3.1.4 Chemicals 

NaCl2 (0.1%) 

Magnesium ribbon 

HCl 

KL 

Di water 

Iodine 

Mercury 

Chloride 

HgCl2 

CH4CooH 

Ferric Chloride 

CHCl3 

Acetic Anhydride  

Kedde reagent  

NaCL 

KCL 

Na2HPO4 

K2HPO4 

Formaldehyde 

Trisodium citrate  

Glacial acetic acid 

Gentian Violet 

3.2 Preparation of herbal extract 

Fresh leaf and Stem of A. paniculata plants were obtained from the University of 

Phayao, Thailand. Fresh A. paniculata was gathered and rinsed thoroughly in water 

before air drying. The plants were dried for 96 hours in an oven at 4-45 °C. The dried 

herbs were finely ground (0.9 mm) and the plant powder was soaked in ethanol. 250 g 

of plant powder was combined with 1000 ml of 95 percent ethanol and stored at room 

temperature for 96 hours. The mixture was then filtered through (Whatman filter paper 
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No. 1), before being evaporated to g e t  r id  o f  s o lv e n t  (below 40°C) using a rotary 

evaporator. The extract was stored in a test tube and wrapped in foil and then was 

stored in the refrigerator. 

3.3 Phytochemical screening  

1. Test for flavonoids  

The test solution of the extracts was dissolved in 95% ethanol. To this, a small 

piece of magnesium foil metal was added; this was followed by 3-5 drops of the 

concentrated HCl. The intense cherry red color indicated the presence of flavonoids 

(Abdalla et al., 2020).  

2. Test for alkaloids 

2.1 Wagner’s test 

A few drops of 0.44 mol/L Wagner’s reagent (solution of iodine in potassium 

iodide, 2 g of iodine and 6 g of potassium iodide were dissolved in 100 mL distilled 

water) were added to 2 mL of each filtrate along the side of the test tube; a positive test, 

demonstrating the presence of alkaloids, was indicated by the formation of reddish-brown 

precipitate (Abdalla et al., 2020). 

2.2 Mayer’s test 

One or two drops of 0.35 mol/L Mayer’s reagent (potassiummercuric iodide 

solution, 1.36 g mercuric chloride and 5 g of potassium iodide, dissolved in 100 mL 

distilled H2O) were added to 2 mL of each filtrate along the side of the test tube. A 

positive test, demonstrating the presence of alkaloids, was indicated by a white creamy 

precipitate (Kokate, 2001).  

2.3 Dragendorff’s test 

Dragendorff’s reagent was made of two solutions. Solution A contained 1.7 g 

basic bismuth nitrate in 100 mL water/ glacial acetic acid (80 mL water and 20 mL 

glacial acetic acid in a 4:1 ratio), and solution B contained 40.0 g potassium iodide in 100 

mL of water. Both solutions were mixed in the following manner to produce 100 mL 

Dragendorff’s reagent (5 mL solution A + 5 mL solution B + 20 mL glacial acetic acid + 

70 mL water). Dragendorff’s reagent at 0.136 mol/L was added (1–2 mL) to each of the 
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2 mL of filtrate solutions. The formation of an orange-red precipitate indicated the 

presence of alkaloids (Kokate, 2001). 

2.4 Molisch’s test 

Molisch’s test for alhaleids: Few drops of Molisch’s reagent were added to each 

of the portion dissolved in distilled water, this was then followed by addition of 1 ml of 

conc. H2SO4 by the side of the test tube. The mixture was then allowed to stand for two 

minutes and then 5 of distilled water. The formation of a red or dull violet color at the 

interphase of the two layers was a positive test (Kokate et. Al., 2001). 

3. Test for anthraquinone (Borntrager’s test)  

The reaction mixture contained 6 N freshly prepared HCl (3 mL) and the extract 

then heat for 10 min, 3 mL dichloromethane was added and shaken for 5 min. The 

extract was filtered, and the filtrate was shaken with an equal volume of 10% ammonia 

solution. A pink violet or red color in the ammoniacal layer (lower layer) indicates the 

presence of anthraquinone (Rauf et al., 2013). 

4. Test for coumarins  

In a test tube, 1 g of each of the extracts was placed and covered with filter 

paper moistened with 20% NaOH, then heated on a water bath for 10 minutes. The filter 

paper was examined under UV light; yellow fluorescence indicated the presence of 

coumarins (Rauf et al., 2013). 

5. Test for tannins (Ferric chloride Test)  

The 95% ethanolic extract was treated with a 1% ferric chloride test solution.  

The resultant color was investigated. A blue color indicated the presence of hydrolyzable 

tannin. Into 10 mL of freshly prepared KOH in a beaker, 0.5 g of the extract was added 

and shaken to dissolve. A dirty precipitate observed indicates the presence of tannin  

(Rauf et al., 2013). 

6. Test for saponins 

0.2g of each extract was shaken with 5 ml of distilled water and heated to 

boiling. Frothing (appearance of creamy mist of small bubbles) shows the presence of 

saponins (Rauf et al., 2013). 
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7. Test for terpenoids  

Five ml of each extract was mixed with 2 ml of chloroform, and 3 ml 

concentrated H2SO4 was carefully added to form a layer. A reddish-brown coloration of 

the interface was formed to show positive results for the presence of terpenoids (Abdalla 

et al., 2020). 

8. Test for Steroids  

The dichloromethane extract was evaporated to dryness and the residue was 

dissolved with acetic anhydride. The concentrated H2SO4 was then added through the 

sides of the evaporating disc. A reddish-brown coloration of the interface indicated the 

presence of terpenoids. A blue coloration of the interface indicated the presence of 

steroids (Chandra et al., 2014). 

9. Test for cardiac glycosides 

9.1 Kedde’s Reagent: The test solution of the extracts was dissolved in 95% 

ethanol. The extract was evaporated to dryness, and Kedde’s Reagent A (2% 3,5-

dinitrobenzoic in ethanol) and B (5% KOH in ethanol) were added to the residue. Purple or 

reddish-violet color reveals the presence of an unsaturated lactone ring (Chandra et al., 2014). 

9.2 Keller-Kiliani Test: The dichloromethane extract was evaporated to 

dryness, and residue was dissolved in 3 mL of glacial acetic acid, followed by an addition 

of a few drops of FeCl3 solution. The resultant solution was transferred to a test tube 

containing 2 mL of the concentrated H2SO4. The reddish-brown layer was formed, which 

turns bluish green after standing due to the presence of deoxy sugar (Chandra et al., 

2014). 

9.3 Molisch tests: Molisch’s Test: To 1 ml of extract, 2 drops of Molisch’s 

regent were added in a test tube and 2 ml of concentrate H2SO4 was added carefully 

keeping the test tube slightly curved. Formation of violet ring at the junction indicated the 

presence of glycosides (Kokate et. al., 2001). 

3.4 Experimental fish and the conditions for acclimatization 

The procedures for this research, concerning animal care and experimentation, were 

approved by the Committee for the Institution of Animal Care at the University of Phayao, 

Thailand (ID: 1-030-65). Hybrid catfish (Clarias macrocephalus × C. gariepinus) were bought 
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from a fish farm in Phayao Province Thailand. The experimental fish were transferred to 

the lab and acclimatized for two weeks in a cement pond (2 × 3 × 0.5 m) containing 

3000 L of water under a natural photoperiod, with a continuous aeration and water 

recirculation system employed weekly. During the acclimation, the following water quality 

parameters were observed: the temperature was kept constant at 26.3 ± 1.23 °C, the 

dissolved oxygen (DO) concentration was kept constant at 7.7 ± 0.52 mg/l, and the pH 

was kept constant at 7.6 ± 0.35 throughout the experiment. The experimental fish were 

fed with commercial fish feed at a rate of 7% of their body weight per day (30% crude 

protein) twice daily (08.00; 17.00) without A. paniculata extract.   

3.5 Supplemented diet preparation  

Throughout the experiment, a commercially available fish diet containing 30% 

crude protein (fat 4%, moisture 12% and fiber 8%) was employed. Treatment 1 was not 

sprayed with A. paniculata extract; treatment 2, 3 and 4 were sprayed and completely 

combined in a drum mixer in the ratio of 200, 400 and 600 mg/kg, respectively. For all 

groups, the pellets (2 mm in diameter) were coated with a 4 percent agar solution at a 

concentration of 10 ml/kg and air dried again. They were then stored at room 

temperature in separate sterile containers for seven days, and the feed was quickly 

devoured by the experimental fish. 

3.6 Experimental design 

Healthy fish with an average body weight of 10.5 ± 0.44 g and a mean total 

length of 5.08 ± 0.52 cm was placed in 12 net cages (1 x 2 x 0.8 m; mesh size, 2.5 

mm2) in four triplicate groups after acclimatization. All groups were placed in the same 

earthen pond, with a stocking density of 30 fish per net cage. All groups were fed a diet 

tailored to their needs at 7% of their body weight twice a day. Water quality was 

measured even though all net cages were placed in the same earthen pond. The 

observed water quality parameters were as follows: water temperature fluctuated 

between 27.8–29.6°C, dissolved oxygen 6.3–7.82 mg/L, pH 7.23–8.79, and total 

dissolved solids 0.21 0.52 g/L. 
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3.7 Growth performance and survival evaluation 

At 15-day intervals, all the fish in each net cage were weighed to adjust feed 

volume, and evaluate growth parameters such as weight gain (WG), average daily gain 

(ADG), specific growth rate (SGR), feed conversion rate (FCR), feed efficiency (FE), protein 

efficiency ratio (PER) and survival rate (SR), which were determined using the following 

equations (Bagenal, 1978) 

WG = final weight (g) – initial weight (g)  

ADG = [{final weight (g) – initial weight (g)}{Adler, 1997 #2}/ experimental days  

SGR = [{Ln final weight (g) – Ln initial weight (g)}/ experimental days] × 100  

FCR = total feed fed (g) / weight gain (g)  

FE = weight gain (g) / total feed (g)  

PER = wet weight gain (g) / crude protein fed  

SR = [number of survived fish / initial number of fish] × 100 

3.8 Study of hematological indices 

Nine fish/groups (three fish/replications) were chosen at random, and they were 

given a 3-minute anesthesia with MS-222 1: 4000 in dechlorinated water (Harikrishnan 

et al. 2010). On days 30, 60, and 90 of the experimental periods, blood samples were 

taken from the caudal vein (0.8 ml) using syringes with 26G needles that contained blood 

in K3 EDTA tubes. A blood sample was diluted 1:300 in a 0.85% NaCl solution to 

determine the total red blood cell levels (RBC 109 mm3), and the hematocrit percentage 

(%Hct) of the blood samples was measured using the microcentrifuge method. A blood 

sample was diluted 1:300 in a 2% solution of acetic acid to assess the total white blood 

cell level (WBC 103 mm3), RBC and WBC were manually counted in a Neubauer chamber 

(Rehulka, 2003).  

3.9 Study of serum biochemicals indices  

Serum biochemistries were investigated on days 30, 60 and 90 of the feeding 

trial. Following the evaluation of growth indices and survival, nine fish from each group  

(3 fish each replication) were chosen at random for blood collection. Non-heparinized 

syringes were used to draw blood samples (0.8 mL/ fish) from the fishes' caudal veins. 

Blood samples were put into micro-centrifuge tubes and allowed to clot at room 
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temperature for 4 hours before being used to collect serum. After this, they were put into 

a centrifuge at 5000 rpm for 15 minutes at 25 °C, and the supernatants were kept in 

sterile serum tubes at -20 °C until required (not for longer than 7 days). The serum 

samples were frozen and sent to the Chiang Mai Veterinary Laboratory Centre Limited 

Partnership in Chiang Mai, Thailand, for analysis. Serum indices, activities of the alanine 

transaminase (ALT), aspartate transaminase (AST), creatinine, alkaline phosphatase, 

triglycerides, glucose, cholesterol, total protein, albumin, globulin, low density lipoprotein, 

high-density lipoprotein were evaluated using an analytical chemistry analyzer (P400 and 

PC400, HORIBA, Japan)  

3.10 Study of serum lysozyme activity 

Lysozyme activity was checked every 30 days, nine fish from each group were 

randomly selected for serum preparation. Lysozyme activity was measured using the 

turbidimetric method (Koskela et al., 2004) with some modifications. The maximum 

amount of activity was detected in a 0.05 M phosphate buffer, pH 6.0, in which the 

substrate, lyophilized Micrococcus lysodeikticus, was suspended (3.0 mg/mL). 25 μL 

serum from each sample was then added to 100 μL of the bacterial suspension. The 

absorbance rate was measured at 450 nm (Multimode Reader LB 942) at intervals of the 

30s (total measuring time 3 min) at 25 ◦C. The results were expressed as unit/mL, which 

was computed using one unit of lysozyme activity, and was defined as 0.001 per min of 

the absorbance rate and was then reduced. 

3.11 Study of organosomatic indices 

At the end of the experiment, three fish from each net cage (replicate) were selected 

randomly and anesthetized with MS-222 1:4000 in dechlorinated water for 3 min (Harikrishnan 

et al., 2010). The visceral organs were separated so that the liver, spleen, kidney and intestine 

could be used to calculate the hepatosomatic index (HSI,%), spleenosomatic index (SSI %), 

kidney (KI %) and intestinosomatic index (ISI%), respectively. Calculations were computed as 

follows (Ronald and Bruce (1990); Hadidi et al., 2008): 
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HSI = [liver weight (g)/body weight (g)] × 100. 

SSI = [spleen weight (g)/body weight (g)] × 100. 

KI   = [kidney weight (g)/body weight (g)] × 100. 

ISI  = [intestine weight (g)/body weight (g)] × 100. 

3.12 Bacterial culture and determination of LD50  

Aeromonas hydrophila was procured from the Faculty of Fisheries, Kasetsart University 

(Thailand), and bacterial preparation for the challenge test on the A. hydrophila was done by 

culturing the sample at 25 ◦C in tryptic soy broth (TSB) for 24 h. The culture was centrifuged 

at 3,000 rpm for 10 minutes. The supernatants were discarded, and the suspension was held 

in phosphate buffered saline (PBS, pH 7). The bacterial suspension was adjusted to an optical 

density (OD) of 600 nm to correspond to approximately 109 CFU/ml for inducing fish infection 

as follows by (Wangkahart, 2018). 

The virulence and pathogenicity were tested using LD50 before the challenge test on 

Clarias macrocephalus × C. gariepinus, 109 CFU/mL were found. To study the bacterial 

resistance to A. hydrophila, in the Clarias macrocephalus × C. gariepinus, 120 fish (10 fish per 

replication) from each group, were used. After 90 days of feeding trials, the four groups were 

injected intraperitoneally with 1.5 mL of 109 CFU/mL. The cumulative mortality rates (%) for 

each group were monitored for 14 days after the bacterial injection. 

3.13 Study of hematological and serum lysozyme activity after A. hydrophila  challenged test 

Hematological indices such as red blood cell (RBC), white blood cell (WBC), 

hematocrit (Htc.) and serum lysozyme activity were determined in the surviving fish after 

day 14, post-injection. Three fish from each group were randomly selected for blood and 

serum preparation by the method performed above mentioned. 

3.14 Statistical analysis 

The normality and homogeneity of variance were tested before the analysis. 

Statistical analysis of data involved a one-way analysis of variance (ANOVA) followed by a 

Tukey’s test at a significance level of 95 % (p < 0.05). Statistical analyses were done 

using SPSS software version 25 for windows (SPSS Inc., Chicago, USA). All data were 

presented as mean ± SD. 
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CHAPTER 4  

RESULTS  

 

4.1 Phytochemical analysis 

The results r e v e a le d  t h a t  phytochemical constituents such as coumarins, 

tannins, terpenoids, lactones, steroids, and sugars were found in the ethanolic extract 

of A. paniculata but flavonoids, alkaloids, saponins, cardiac glycosides, cyanogenic 

glycosides, and anthraquinones were not found in this study (Table 6). 

 

Table 6 Phytochemical constituents of 95 % ethanol extract from A. paniculata. 

+ present, - absent. 

 

 

     Phytochemicals                                                             Results 

Flavonoids - 

Alkaloids - 

Anthraquinones - 

Coumarins + 

Tannins/ Phenolics + 

Saponins - 

Terpenoids + 

Lactones (5-membered unsaturated)  + 

Steroids + 

Cardiac glycosides - 

Cyanogenic glycosides - 

Sugars/Carbohydrates + 
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4.2 Growth indices and survival rate 

The growth indices of C. macrocephalus × C. gariepinus showed that weight 

gain (WG) was significantly different (p < 0.05). At day 30 the highest WG was found 

in group fed 0.2 g/kg (T2) when compared to control group (p < 0.05), but on the 60 

and 90 days, the group fed 0.6 g/kg (T4) was found the highest WG compared to 

other dietary groups (Fig. 4). The average daily gain (ADG) was significantly different  

(p < 0.05) from days 30, 60 and 90. The group fed T2 had the highest ADG 

compared to the other groups on day 30; the group fed T4 had the highest ADG 

compared to the control group on days 60 and 90 (Fig. 5). The specific growth rate 

(SGR) had a significant difference on day 30 of the experiment, the highest value and 

the lowest value were found in groups fed T4 and T1, respectively, and there was also 

a significant difference on days 60 and 90. The higher values were found in groups 

fed T4 and T3, but the lower value was found in group fed T1 (Fig. 6). The survival 

rate was not different (p > 0.05) throughout the experimental period (Fig. 7). The feed 

conversion rate (FCR) was significantly different on days 60 and 90 of the experiment. 

On day 60, the highest FCR was found in the group fed T2 and control group (T1), but 

on day 90, a lower level was found in the group fed T4 (Fig. 8). While feed efficiency 

(FE) showed a significant difference on days 60 and 90 of the experiment, on both 

days 60 and 90, the highest value was found in the group fed T4 (Fig. 9). Protein 

efficiency ratio (PER) showed a significant difference on days 60 and 90; at day 60, 

the fed T4 had the highest value, but on day 90, the highest and lowest values were 

found in the group T4 and T1, respectively (Fig. 10). 
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Figures 4 Weight gain of Clarias macrocephalus X C. gariepinus, which were fed 

different levels of A. paniculata. Different letters indicate significant 

differences (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g/kg), T3 (0.4 g/kg) and T4 

(0.6 g/kg). 

 

Figures 5 Average daily gain of Clarias macrocephalus X Clarias gariepinus , 

which were fed different levels of A. paniculata. Different letters 

indicate significant differences (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g/kg), 

T3 (0.4 g/kg) and T4 (0.6 g/kg). 
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Figures 6 Specific growth rate of Clarias macrocephalus X Clarias gariepinus, 

which were fed different levels of A. paniculata. Different letters 

indicate significant differences (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g/kg), 

T3 (0.4 g/kg) and T4 (0.6 g/kg). 

 

Figures 7 Survival rate of Clarias macrocephalus X Clarias gariepinus, which 

were fed different levels of A. paniculata. Different letters indicate no 

significant differences (p  0.05). T1 (0.00 g/kg), T2 (0.2 g/kg),  

T3 (0.4 g/kg) and T4 (0.6 g/kg). 
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Figures 8 Feed conversion rate of Clarias macrocephalus X Clarias gariepinus, 

which were fed different levels of A. paniculata. Different letters 

indicate significant differences (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g/kg), 

T3 (0.4 g/kg) and T4 (0.6 g/kg). 

 

Figures 9 Feed efficiency of Clarias macrocephalus X Clarias gariepinus, which 

were fed different levels of A. paniculata. Different letters indicate 

significant differences  (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g/kg),  

T3 (0.4 g/kg) and T4 (0.6 g/kg). 
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Figures 10 Protein efficiency ratio of Clarias macrocephalus X Clarias gariepinus, 

which were fed different levels of A. paniculata. Different letters 

ind ica te  s ign ifican t d iffe rences (p  <  0 .05 ). T 1 (0 .00  g /kg ),  

T2 (0.2 g/kg), T3 (0.4 g/kg) and T4 (0.6 g/kg). 
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4.3 Hematological indices 

In the first sampling on day 30, RBC (total red blood) in T4 exhibited a 

significantly (P < 0.05) higher value (3.02 × 109 /mm3) than the other treatment 

groups. The values (3.97 × 109/mm3 on day 60, 3.77 × 109/mm3 on day 90) of RBC in 

T4 were found to be significantly (P < 0.05) higher in consecutive samplings (days 30, 

60, and 90) as compared to the values of other treatments (Fig 11). WBC (Total white 

blood cell) of T2, T3, and T4 exhibited significantly (P < 0.05) higher values than that 

in the control (T1) in all the sampling days. Further, WBC values in T4 were significantly 

(P < 0.05) higher compared to T1, T2 and T3 groups in all the sampling days (Fig 9). 

Hematocrit percentage (Htc), values (22.60 % on day 30, 28.05 % on day 60 and 

28.66 % on day 90) in T4 were found to be increasing in consecutive samplings and 

significantly (P < 0.05) highest as compared to the values of other treatments  

(Fig 12-13). 

 

 

Figures 11 Total red blood cells, (RBC) which were fed different levels of  

A. paniculata extract for 30, 60, and 90 days: Significant differences 

(p < 0.05) is indicated by different letters.  
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Figures 12 Total white blood cells, (WBC) which were fed different levels of  

A. paniculata extract for 30, 60, and 90 days: Significant differences  

(p < 0.05) is indicated by different letters.  

 
 

Figures 13 Hematocrit, (Hct) which were fed different levels of A. paniculata 

extract for 30, 60 and 90 days Significant differences (p < 0.05) is 

indicated by different letters.  
 

 

b
b b

b ab
ab

ab ab ab

a

a a

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

30 days 60 days 90 days

1
0

7
ce

ll
/m

m
3

Experimental periods

WBC T1 T2 T3 T4

b

c
c

b

b

b

b

ab
b

a

a a

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

30 days 60 days 90 days

%

Experimental periods

Hct
T1 T2 T3 T4



 

 

 57 

 

4.4 Serum biochemical indices 

 Biochemical indices, such as alanine transaminase (ALT), aspartate transaminase 

(AST), creatinine, glucose, cholesterol, LDL, HDL, total protein, triglyceride, albumin, globulin 

and alkaline phosphatase (ALP). The results showed that all parameters tested showed 

significantly different (p < 0.05) except for AST, creatinine, total protein, albumin, globulin, 

ALP and LDL. The parameters were significantly different, ALT, glucose and HDL were 

clearly shown on days 60 and 90 of the experiment, but triglyceride was significantly 

different on days 30, 60, and 90, while cholesterol was only significantly different on day 

90. The ALT shows its highest value in T1 and its lowest in T2 on day 60. However, at 

day 90, the highest ALT was found in T1 while, lowest ALT was found in all treatment 

groups (Fig 14). Serum glucose revealed that started significantly different on days 60-

90, the highest glucose was observed in T3, but the lowest level was found in T1 and T2 

on day 60, while on day 90, the highest glucose was exhibited in all treatment groups 

and the lowest level was found in control group (Fig 15 ). Surprisingly, serum triglyceride 

can be reduced by the extract, on days 30 and 60 this parameter showed similar results, 

T4 group showed significantly lowest level but the highest level was found in T1, but the 

lowest level was found in all treatment groups when compared to the T1 group (Fig 19 ). 

Serum cholesterol revealed significantly different on day 90 of the experiment, The 

lowest and highest levels were observed in T4 and T1 groups, respectively (Fig 2 0 ). 

Serum HDL has been similar trended to glucose, this parameter showed initially different 

on days 60-90, the highest level was found in T4 and the lowest HDL was found in T1 

and T2 on day 60, but the highest HDL on day 90 was observed in T4 followed by; T3, 

T2 and T1, respectively (Fig 22).  
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Figures 14 Serum alanine transaminase (ALT) in hybrid catfish, Clarias 

macrocephalus X C. gariepinus. Values are mean ± SD and 

different letters indicate difference  (p < 0.05). T1 (0.00 g/kg),  

T2 (0.2 g k), T3 (0.4 g /kg) and T4 (0.6 g/kg).  

 

Figures 15 Serum aspartate transaminase (AST) in hybrid cafish, Clarias 

macrocephalus X C. gariepinus . Values are mean ± SD and 

different letters indicate difference  (p < 0.05). T1 (0.00 g/kg),  

T2 (0.2 g k), T3 (0.4 g /kg) and T4 (0.6 g/kg). 
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Figures 16 Serum creatinine in Clarias macrocephalus X C. gariepinus. Values 

are mean ± SD and different letters indicate difference (p  0.05).  

T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and T4 (0.6 g/kg). 

 

Figures 17 Serum alkaline phosphatase (ALP) in Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p  0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 
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Figures 18 Serum glucose in Clarias macrocephalus X C. gariepinus. Values are 

mean ± SD and different letters indicate difference  (p < 0.05).  

T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and T4 (0.6 g/kg). 

 

Figures 19 Serum total protein in hybrid catfish, Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 
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Figures 20 Serum album in in hybrid catfish, Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 

 

Figures 21 Serum  globulin in hybrid catfish, Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 
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Figures 22 Serum triglycerides in hybrid catfish, Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 

 

Figures 23 Serum cholesterol in hybrid catfish, Clarias macrocephalus X  

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 
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Figures 24 Serum low-density Lipoprotein (LDL) in hybrid catfish, Clarias 

macrocephalus X C. gariepinus . Values are mean ± SD and 

different letters indicate difference  (p < 0.05). T1 (0.00 g/kg),  

T2 (0.2 g k), T3 (0.4 g /kg) and T4 (0.6 g/kg). 

 

Figures 25 Serum high-density Lipoprotein (HDL) in hybrid catfish, Clarias 

macrocephalus X C. gariepinus. Values are mean ± SD and 

different letters indicate difference  (p < 0.05). T1 (0.00 g/kg),  

T2 (0.2 g k), T3 (0.4 g /kg) andT4 (0.6 g/kg). 
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4.5 lysozyme activity 

Serum lysozyme activity in all treatment groups (T2, T3 and T4) was significantly 

different (P < 0.05) and showed higher than in the control group (T1), as observed in all 

sampling days (Fig 2 6). On days 60 and 90, serum lysozyme activity in T4 group was 

consistently higher and significantly (P < 0.05) different from the values in T1 and T2 groups.   

 

 

Figures 26 Serum lysozyme activity in hybrid catfish, Clarias macrocephalus X 

C. gariepinus. Values are mean ± SD and different letters indicate 

difference (p < 0.05). T1 (0.00 g/kg), T2 (0.2 g k), T3 (0.4 g /kg) and 

T4 (0.6 g/kg). 
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4.6 Organosomatic indices 

Organosomatic indices such as liver, spleen, kidney and intestine after the end of 

the experiment (90 days) in all groups were not significantly different (P > 0.05). While the 

trends of their indices showed that T4 group had the highest liver index (2.44%), while the 

control group had the lowest (2.12%). The spleen index were the highest and lowest levels 

in the groups T4 (0.11%) and T1 (0.096%), respectively. In addition, kidney index was 

found to be highest in group T4 (0.69%) but lowest in group T1 (0.59%). Similarly,  

the intestine index T4 group had the highest value at 2.74%, followed by groups T2, T1, 

and T3 as 2.55%, 2.52% and 2.22%, respectively (Fig 24–27). 

 

 

Figures 27 Hepatosomatic index (HSI), of hybrid catfish that were fed with 

different concentrations of A. paniculata extract for 90 days.  
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Figures 28 Spleen somatic index (SSI) of hybrid catfish that were fed with 

different concentrations of A. paniculata extract for 90 days. 

 

 

 

 

 

 

 

 

 

 

 

Figures 29 Intestinal somatic index (ISI) of hybrid catfish that were fed with 

different concentrations of A. paniculata extract for 90 days. 
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Figures 30 Kidney index (KI) of hybrid catfish that were fed with different 

concentrations of A. paniculata extract for 90 days. 

 

4.7 Pathogenic bacterial challenge test  

The observed cumulative mortality after A. hydrophila injections at 109 CFU/ mL 

for 14 days was the highest in T1 group at about 60 % when compared with the other 

group, and mortality was found on the first 4 days of the experimental period. During the 

pathogenic challenge study, we observed gasping, weak movement, rotting fins, and 

darkening of the skin. Cumulative mortality was recorded at 60%, 50%, and 30% in T3, 

T2 and T4, respectively (Fig 28). Hematological indices such as RBC, WBC and hematocrit 

percentage (Htc) were evaluated after challenge with A. hydrophila  for 14 days, the 

results showed the same trend; all the treatment groups were significantly different  

(P < 0.05) from those in the control group (Fig 29-31). Lysozyme activity in fish survived 

after A. hydrophila injection at 109 CFU/ml. The lowest activity was found in T1 group 

when compared to the groups were received A. paniculata extract. (Fig 32). 
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Figures 31 Cumulative mortality (%) of Clarias macrocephalus X C. gariepinus 

fed with the 4 different concentrations of A. paniculata extract 

against A. hydrophila for 14 days. T1 (0.00 g /kg), T2 (0.2 g/ kg),  

T3 (0.4 g/ kg) and T4 (0.6 g /kg). 

 

Figures 32 Total red blood cells, RBC of Clarias macrocephalus X C. gariepinus 

fed with the 4 different concentrations of A. paniculata  after  

A. hydrophila injection at 109 CFU/mL for 14 days. 
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Figures 33 Total white blood cells of Clarias macrocephalus X C. gariepinus fed 

w ith  the  4  d iffe ren t concen tra tions o f A . pan icu la ta  a fte r  

A. hydrophila injection at 109 CFU/mL for 14 days. 

 

Figures 34 Hematocrit, Hct of Clarias macrocephalus X C. gariepinus fed with 

the 4 different concentrations of A. paniculata after A. hydrophila 

injection at 109 CFU/mL for 14 days. 
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Figures 35 Lysozyme activity of Clarias macrocephalus X C. gariepinus fed with 

the 4 different concentrations of A. paniculata after A. hydrophila 

injection at 109 CFU/mL for 14 days.
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CHAPTER 5  

DISCUSSION   

 

5.1 Growth performance and survival rate 

The using of A. paniculata extract in the diet of fish used in this experiment 

appeared to be significantly effective in terms of their growth performance, hematology, 

serum biochemical indices and lysozyme activity, in both the pre-challenge and post-

challenge, A. hydrophilla injection, period. Our findings showed that a 95% ethanolic 

solution of A. paniculata extract significantly improved growth performance in the T4 group 

(0.6 g/kg). The results obtained from this phytochemical screening test confirmed the 

presence of diterpenes which is possibly including andrographolide. In addition, This may 

have been due to the existence of bioactive compounds in A. paniculata, such as 

andrographolide, deoxyandrographolide, neoandrographolide,  14-deoxy-11, 

12-didehydroandrographide, isoandrographolide, coumarins, tannins, phenolics, terpenoids, 

lactones, steroids and sugars etc., that have been found in this plant species (Rajalakshmi, 

2016; Nagajothi et al. 2018; Naomi et al., 2022). According to Maiti et al. (2021) reported 

that Pangasianodon hypopthalmus could improve weight gain, specific growth rate and 

feed conversion ratio after fed 2% A. paniculata leaf extract. Similarly, Basha et al. (2013) 

revealed that Labeo rohita fed an andrographolide diet improved WG, SGR, protein 

efficiency ratio and decreased feed conversion ratio. In addition, Pagrus major fed with 

medicinal herbs increased WG, FE and survival rates above those found in the control 

group (Ji et al., 2007). Moreover, Mishra et al. (2023) reported that andrographolide can 

stimulate growth performance in Cyprinus carpio due to an increase in its ability to use of 

protein, energy, digestion and better absorption of nutrients as a result of its inclusion in 

their diets. In addition, The A. paniculata can reduce the growth rate of various pathogenic 

bacteria in Penaeus monodon, increasing their survival chances due to this herb’s 

effectiveness in improving a fish’s ability to digest and absorb nutrients and stimulate 

humoral immunity by enhancing the microbial killing activity of red blood cells and cell 
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phagocytosis (Citarasu et al., 2003). Meanwhile, Immanuel et al., (2009) reported that 

Nile tilapia fed Cynodon dactylon, Aegle marmelos, Withania somnifera and Zingiber 

officinale can stimulate WG, SGR, FE and reduce FCR. Besides, Shi et al. (2020) reported 

that an increase in WG, SGR, ADG and reduced FCR may be due to increased levels of 

andrographolide in the diet, which can lead to better absorption of nutrients in the 

intestines of Monopterus albus. According to Abdel Tawwab et al. (2010), the use of green 

tea, Camellia sinensis at a level 0.5g/kg of feed can enhance growth performance due to 

the palatability or attractiveness of the diet, which in turn causes increased feed intake 

and enhanced growth performance in Nile tilapia. Moreover, various other plant extracts 

have been shown to improve growth performance in fish, such as an Euphorbia hirta plant 

leaf extract supplemental diet of 300 mg/kg, which has a positive effect on hybrid catfish, 

improving their growth performance, survival rate and feed utilization (Panase et al., 

2018a). This may be because bioactive substances can improve growth performance by 

promoting the synthesis of digestive enzymes, bile, musus and as such can be effective as 

feed additives in that they increase feed intake and ingestion (Rudy et al., 2018;  

Wang et al., 2018; Xu et al., 2020; Abdel-Latif et al., 2022). According to Baba et al. 

(2016), Avena sativa extract can be used to improve WG and SGR and decrease FCR in 

Cyprinus carpio because the metabolites of plants can stimulate growth and immunity via 

innate adaptive immune responses and can trigger immune cell activity, enhance 

phagocytosis and enhance the secretion of inflammatory markers to resist various 

pathogens in fish. Although we do not investigate the effect of A. paniculata on digestive 

enzyme, we found that Zingiber officinalis and Cyanodon dactylon supplementations could 

be increased SGR and decreased FCR in Macrobrachium rosenbergii, because of an 

increase in digestive enzyme secretion that can result in improvements in digestibility, 

stimulating the appetite and increasing food consumption and efficiencies (El-desouky et al. 

2021). Furthermore, Ghosal et al. (2020) revealed that Basella alba, Tribulus terrestris, 

Mucuna pruriens and Asparagus racemosus can stimulate growth performance in Nile 

tilapia as it helps the fish to control reproduction and enhances growth and innate 

immunity because, all four plant extracts contained phytoconstituents such as saponins, 

alkaloids and tannins that have been reported to act as feed intake deterrents and 
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digestive enzyme inhibitors in Nile tilapia. Importantly though, Peng et al. (2021) revealed 

that condensed tannins did not impact on growth performance, but rather enhanced 

animal health by improving the intestinal microbial ecosystem in Lateolabrax japonicus. 

Meanwhile, Astragalus membranaceus  extract can be used to improve growth 

performance in Pangasianodon hypophthalmus due to the presence of phenolic acids and 

flavonoids that can increase digestive enzyme activities, voluntary feeding intake, feed 

efficiency, and improve protein retention (Abdel-Latif et al., 2022). Besides, Ahmadifar et 

al. (2021) reported that polyphenols have affected the growth of gene expression in Huso 

huso, and this may be because tannins help in activating growth hormones (GH) and 

insulin-like growth factor-I (IGF-I) genes, which are known to be important genes for 

growth. 

5.2 Hematological indices 

Hematological indicators often alter in response to stress, illness, and supplemental diet 

circumstances; however, RBC, WBC and Htc are mostly impacted by dietary treatments 

(Reverter et al., 2014; Hassaan et al., 2019). In addition, erythrocytes and hemoglobin are 

essential in the transfer of oxygen and carbon dioxide (Nya et al., 2009). The results of our study 

showed that all groups receiving A. paniculata extract had higher RBC, WBC and Hct than the 

control group, but the group receiving A. paniculata extract, T4, had the highest values. 

According to Maiti et al. (2021) who reported that A. paniculata leaf extract could increase RBC 

in Pangasianodon hypopthalmus due to its iron content, iron being a substance that can produce 

red blood cells. According to Prasad and Priyanka (2011), A. paniculata contains trace minerals 

and iron. Besides, Velichkova et al. (2019) reported that increases in RBC in Cyprinus carpio may 

be because of mineral and iron constituents that can stimulate the excitability of muscles and 

blood coagulation. However, Aloe vera extract can also increase the RBC and Htc of C. carpio 

after an A. hydrophila infection. In addition, polysaccharides and iron in herbal extracts have also 

been associated with increased erythropoiesis and increased Htc levels. (Alishahi et al., 2010). 

According to, Binaii et al. (2014) reported that Urtica dioica extract can improve RBC and Hct in 

Huso huso due to the presence of vitamins and minerals from the extract that aide by increasing 

hematopoiesis. Furthermore, C. carpio fed with Aegle marmelos extract, hematology was 
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increased due to iron, which induces erythropoiesis and lymphopoiesis, resulting in an increase in 

RBC, Hct and WBC respectively (Prasad et al., 2011).  

5.3 Serum biochemical indices 

Biochemical indices indicators are commonly used to assess the health of animals, 

including fish. Our results showed that by day 60, ALT values began to differ, but  

a significant difference was clearly seen on day 90, with the group receiving the  

A. paniculata extract, group T4, which had the lowest values compared to the control 

group. This result is very similar to the findings of Tan et al., (2017) who reported that 

dandelion extracts could help Trachinotus ovatus decrease ALT levels, and that this may 

have been because bioactive compounds, phenolics anti-radicals and antioxidants, prevent 

lipid peroxidation of cell membranes and inhibit the release of ALT enzymes into the 

p lasm a. Therefore, th is w as found to  be beneficia l to liver hea lth and had a 

hepatoprotective effect. Since glucose molecules play a significant role in animal 

bioenergetics, glucose is generally recognized to be a critical product of the cellular 

respiration process, which is transferred to ATP synthesis (Lucas, 1996). In this study, all 

the extract-treated groups had different serum glucose levels at day 60 and the 

difference was clearly seen at day 90, with group T4 showing the highest values. Glucose 

levels are indicators of stress levels, higher glucose levels are generally maintained in fish 

due to glycogen breakdown in the liver, after which the glucose molecules are converted 

into energy via glycogenolysis as part of the cellular respiration process (Vijayan et al., 

1997). According to Lin et al. (2016), polyphenolic compounds can be improved the 

catalytic activity of glucose phosphorylation; what is more, natural plant extracts, for 

example eugenol, can affect glucose metabolization. In this study, cholesterol and 

triglyceride levels were decreased and showed their lower levels in group T4. Cholesterol 

levels in serum can be altered by diet, enzyme activities and hepatic activities. Moreover, 

cholesterol levels can be changed by the sexual cycle of fish because cholesterol is the 

precursor of the five major classes of steroid hormones (Berg et al., 2002). Meanwhile, the 

difference in cholesterol of serum may be the existence of plant sterols such as 

stigmasterol, campesterol and phenolic compounds (Frémont et al., 2000).   According to 

Binaii et al. (2014), Urtica dioica extract can decrease serum cholesterol and triglyceride 
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levels in Huso huso due to the presence of stigmasterol, campesterol and phenol 

compounds. Beyond this, Chickens fed a Carvacrol Lowers diet can show a decrease in 

serum triglycerides, due to the steroids and phenolics that may affect lipid synthesis rather 

than cholesterol synthesis (Lee et al., 2003). The levels of HDL in serum are important 

parameters of lipid metabolism in animals and the lipid-lowering effect in serum is 

beneficial to health Adler and Holub (1997). Our study indicated that the LDL levels in all 

experimental groups were not significantly different because the extract had no effect on 

this serum parameter.  On the other hand, the HDL level of all groups fed with A. 

paniculata extract was affected, especially on day 90 where it was shown to be 

significantly different when compared the control group, and an even higher level was 

observed in the T4 group. This is in concordance with the findings of Brown and Goldstein 

(1984) who reported that P. hypophthalmus fed with Garcinia gummi-gutta extract 

showed an increase in HDL values. Besides this, Pourmoghim et al. (2015) reported that 

Oncorhynchus mykiss fed with Origanum vulgare extract can show improved HDL values. 

This is because bioactive compounds, such as minerals and iron, stimulate HDL activity by 

transporting cholesterol from the blood to the liver.  

5.4 Lysozyme activity 

Lysozyme activity serves as a primary defense, providing humoral-specific 

immunity to set up cellular defense mechanisms. In addition, Lysozyme is found in the 

serum and mucus of fish (Ellis, 1999). This study had indicated that all the extract-treated 

groups had different lysozyme activity levels at day 60 and that the difference was very 

clearly seen on day 90; group T4 had the highest values compared to other groups. 

Agreement with the findings of Maiti et al. (2021) reported that P. hypopthalmus fed with 

A. paniculata leaf extract could increase serum lysozyme activity due to the bioactive 

compounds of this herb, which could stimulate the non-specific immune system response 

naturally occurring in fish. In addition, it improves cellular defense mechanisms and has the 

ability to destroy the cell walls of some pathogens. According to Basha et al. (2013), 

feeding the andrographolide in Labeo rohita can increase lysozyme activity due to the 

andrographolide stimulating an increase in the mechanism of a non-specific immune 

https://dict.longdo.com/search/beyond
https://pubmed.ncbi.nlm.nih.gov/?term=Adler+AJ&cauthor_id=9022529
https://pubmed.ncbi.nlm.nih.gov/?term=Holub+BJ&cauthor_id=9022529
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response. In addition, it breaks down the cell walls of both gram-negative and positive 

gram-positive bacteria. 

5.5 Organosomatic indices 

Organosomatic indices such as hepatosomatic index (HSI), spleen somatic index (SSI), 

kidney index (KI) and intestinal somatic index (ISI) were used to evaluate the results of this 

study. This is because the indices have effects, though changes in organosomatic size and are 

influenced by various factors such as water quality, stocking density, feed or supplemental 

diets and stress (Akani and Daka 2015; Kareem et al., 2016). Our study indicated that the 

organosomatic indices in all experimental groups were not significantly different (P > 0.05).  

This is in agreement with the findings of Gabriel et al. (2015), who reported that Oreochromis 

niloticus fed an Aloe vera supplement showed VI, FI and KI were not significantly different. 

Meanwhile, (Bahabadi et al., 2014) reported that feeding Oncorhynchus mykiss with Achillea 

millefolium extract had no effect on HSI, ISI and SSI. The reason the organs have value is not 

different because of the bioactive compound but because of this herb's lack of negative effect 

and safety on organosomatic indices in fish.  

5.6 Pathogenic challenge test  

Our study showed that all groups that were fed with A. paniculata extract suppleme 

showed a lower cumulative mortality rate when compared with the control group. After the 

90-day feeding trial, experimental fish from each group were injected with an A. hydrophila 

suspension at 109 CFU/mL for 14 days. Mortality in all these groups was found only in the first 

4 days of the experiment and the highest cumulative mortality rate was observed in the 

control group, while the lowest cumulative mortality rate was found in group T4. This is in 

agreement with the findings of Maiti et al. (2021), where it was reported that P. hypopthalmus 

fed with A. paniculata extract showed a reduction in cumulative mortality rate when infected 

with A. hydrophila. In addition, Basha et al. (2013) have demonstrated that andrographolide 

can resist A. hydrophila in Labeo rohita because andrographolide stimulates non-specific 

immune response mechanisms. Thus, all the extracted groups had better body readiness than 

the control group for resistance to A. hydrophila. 
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Our study indicates that all groups that were fed with A. paniculata extract after 

injection with A. hydrophila for 14 days had higher values of hematological indices when 

compared to the control group. According to Harikrishnan et al. (2010) it was revealed that 

bacterial infection has a direct effect on an organism’s hematology and serum parameters 

because of enzymatic digestion of the erythrocytes, which leads to reduced WBC and Hct 

levels. In addition, Palanikani et al. (2018) reported the effect of the herbal supplement  

A. paniculata for control of A. hydrophila and A. veronii in Catla-catla. Similarly, Palanikani et 

al. (2020) showed that A. paniculata extract can control A. hydrophila in Labeo rohita, which 

may have minerals and iron that can produce red blood cells and increase oxygen 

transportation throughout the body of the fish, resulting in an increase in RBC and increased 

levels of WBC as a result of increased phagocytic activity. 

All groups that were fed A. paniculata extract after injection with A. hydrophila for  

14 days had higher lysozyme activity values than the control group. Similar results were found 

by Maiti et al. (2021) who reported that supplementation with A. paniculata leaf extract could 

improve lysozyme activity on P. hypopthalmus after being infected with A. hydrophila. 

Moreover, Basha et al. (2013) reported that supplementation with andrographolide was able to 

increase the activity of lysozyme on Labeo rohita after infection with A. hydrophila. This was 

because, prior to infection, all the groups of fish that received the extract had non-specific 

immune system stimulation, and when infected, all groups receiving extracts had better body 

readiness than the control groups. In addition, Palanikani et al. 2020 reported that the ability of 

A. paniculata extract to increase the phagocytic index (monocyte, neutrophil and lymphocyte) 

and act as immune cells by engulfing and destroying the pathogen; these are vital components 

of the non-specific immune system.  

5.7 Conclusion  

The results obtained from our study demonstrated that a 95% ethanolic extract 

solution of A. paniculata for three months can improve the growth performance of hybrid 

catfish, C. macrocephalus x C. gariepinus due to the fact that andrographolide can stimulate 

feed utilization, efficiency of protein utilization, digestion and better absorption of nutrients. In 

addition, A.paniculata in feed can stimulate hematological indices because mineral and iron 
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constituents can stimulate the excitability of muscles and blood coagulation. Meanwhile, this 

herb also has a positive effect on biochemical indices because of bioactive compounds such as 

those minerals and iron found in this present study. Besides, A.paniculata extract can increase 

the proper functioning of the immune system, as well as improve innate immune responses 

and disease resistance in A. hydrophila. Moreover, A. paniculata extract can be introduced into 

feed without impacting liver, kidney, spleen and intestine indices. The appropriate concentration 

to use is suggested by our research as 0.6 g/kg, because it is safe and no adverse effects 

were discerned that would prevent the production of healthy fish for human consumption

https://dict.longdo.com/search/except
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Figures 36 Collecting and extracting plants. 
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Figures 37 Procedure for mixing feed with extracts. 
 

 

Figures 38 The experimental design is completely random design  (CRD) and 

fish acclimatization. 
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Figures 39 At 15-day intervals, all the fish in each net cage were weighed and  

measured in length. 

 

Figures 40 Blood collection and hematology value measurements 
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Figures 41 The procedure to do lysozyme activity. 
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Figures 42 The whole visceral organ was separated for the liver, spleen, kidney 

and intestine to calculate the hepatosomatic index (HSI,% ), 

spleenosomatic index (SSI %), kidney (KI %) and intestinosomatic 

index (ISI%). 
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Figures 43 Preparing Aeromonas hydrophila and testing LD50 in experimental. 
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Figures 44 The experimental injection with Aeromonas hydrophila 14 days 
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